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Imagination is more important than knowledge. 
  For knowledge is limited to all we now know 
         and understand, while imagination  
                embraces the entire world,  
                   and all there ever will  
                        be to know and 
                           understand.    
                   
                       Albert Einstein (1879-1955) 
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Abstract 
 
Background: The development of ultrasonographic arterial imaging, high-resolution B-mode 

ultrasonography, has created a technical basis for a new diagnostic approach to atherosclerotic disease 

by offering the possibility of accurate and reproducible quantification of the structural and functional 

changes in the arterial wall. Flow-mediated dilation (FMD) of the brachial artery and carotid intima-

media thickness (IMT) have been shown to be good surrogate markers of atherosclerosis. 

Atherosclerotic lesions detected in the thoracic aorta by transesophageal echocardiography (TEE) are 

markers of diffuse atherosclerotic disease, often associated with coronary, carotid and peripheral 

vascular disease. 

 

Aims: The aims of this thesis were to study 

• whether intake of oral moist snuff causes acute endothelial dysfunction in the brachial artery of 

long-term snuff users. 

• to assess the strength of any relation between walls changes in the thoracic aorta and carotid 

arteries and the angiographic severity and extent of coronary artery lesions in patients with 

angiographically verified CAD. 

• to examine the relationship between morphological and functional parameters of the brachial and 

carotid arteries and the angiographic extent and severity of coronary artery stenosis in patients 

with severe CAD. 

• to determine the influence of low-dose prednisolone on atherosclerosis, endothelial function, and 

risk factors for atherosclerosis in patients with early rheumatoid arthritis (RA). 

 

Methods: The acute effect of 1 g oral snuff on endothelial function in 20 healthy, long-term snuff 

users was measured by FMD. The effect on heart rate and blood pressure was also measured.  

The strength of any relation between the angiographic severity and extent of coronary artery lesions on 

the one hand and ultrasonographically measured walls changes in the thoracic aorta (n=37), carotid 

arteries and brachial artery and endothelial function in the brachial artery on the other hand was 

investigated by TEE, carotid and brachial B-mode scanning and FMD in 58 patients who had 

undergone coronary angiography. 

In a randomized study 67 patients with early, active rheumatoid arthritis (RA) were randomized to 

either 7.5 mg prednisolone daily (n=34) or no prednisolone (n=33). The effects of the low-dose 

treatment with prednisolone on the brachial endothelial function and the carotid wall thickness were 

studied by FMD and B-mode ultrasonography, respectively, after a mean of 5 years treatment. The 

relation between risk factors for atherosclerosis and the above mentioned ultrasonographic parameters 

was investigated.  

 



Results: FMD values declined significantly after the administration of oral moist snuff. Heart rate, 

systolic and diastolic blood pressure increased significantly after snuff administration. All parameters 

remained unchanged after placebo. 

A significant correlation was seen between the extent of coronary artery stenosis and aortic plaques 

score. Mean carotid IMT was also significantly correlated with coronary artery stenosis extent score. 

Moreover, a significant correlation was seen between the aortic plaque score and the mean carotid 

IMT. 

A significant correlation was seen between the extent of coronary artery stenosis defined as the 

coronary angiographic score and both the mean brachial artery IMT and intima–media area (IMa). 

There was no significant correlation between FMD and the extent of coronary artery stenosis. A 

significant correlation was seen between the mean carotid artery IMT and the mean brachial artery 

IMT. However, there was no significant correlation between FMD and the mean carotid artery IMT or 

IMa. 

Carotid IMT and IMa, prevalence of carotid atherosclerotic plaques and FMD in brachial artery did 

not differ between RA patients treated with and those not treated with prednisolone. Carotid IMT and 

IMa, but not brachial FMD, were significantly associated with traditional risk factors for 

atherosclerosis in patients with RA. 

 

Conclusions:  

• Intake of oral moist snuff significantly impaired endothelial function, measured as FMD of the 

brachial artery, in long-term snuffers. As endothelial dysfunction predicts cardiovascular 

morbidity, use of oral snuff should be discouraged.  

• Morphological parameters of the carotid arteries and the thoracic aorta were related to severity and 

extent of coronary artery stenosis in patients with severe CAD. B-mode ultrasonography of the 

carotid arteries and transesophageal echocardiography of the aorta therefore have a potential for 

diagnostic evaluation of patients with suspected CAD. 

• Morphological but not functional parameters of the brachial artery were associated with the extent 

of coronary artery stenosis and atherosclerotic wall changes in the carotid arteries in patients with 

severe CAD. These findings indicate a potential of B-mode ultrasonography of morphological 

parameters in the brachial artery in the diagnostic evaluation of patients with suspected CAD. 

• Low-dose prednisolone did not influence endothelial function or subclinical atherosclerosis in 

patients with RA. The study verifies the relation between risk factors for atherosclerosis and 

carotid IMT and IMa. 

 
Keywords: Ultrasound, atherosclerosis, flow mediated dilatation, endothelial function, carotid arteries, thoracic 

aorta, brachial artery, coronary artery disease, nicotine, snuff, prednisolone, rheumatoid arthritis  
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IMT  Intima-media thickness 

IMa   Calculated intima-media area 
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cIMT  Common carotid artery intima-media thickness 

LDL  Low density lipoprotein  
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NO  Nitric oxide 

NOS  Nitric oxide synthase 

NSAID  Nonsteroidal anti-inflammatory drugs 

RA  Rheumatoid arthritis  

SBP  Systolic blood pressure 

SLE  Systemic lupus erythematosus 

TEE  Transesophageal echocardiography 

HR  Heart rate 

HDL  High density lipoprotein 

GC  Glucocorticoid 

HAQ  Health Assessment Questionnaire 

ESR  Erythrocyte sedimentation rate 

FMD  Flow-mediated dilatation 

DBP  Diastolic blood pressure 

DMARD  Disease modifying antirheumatic drug 

CVD  Cardiovascular disease 

DAS  Disease Activity Score 

CRP  C-reactive protein 

CCA  Common carotid artery 

CAD  Coronary artery disease 

BMI  Body mass index 

BH4  Tetrahydrobiopterin 
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Introduction 
 
The high-resolution B-mode ultrasound imaging has been widely used in the last two decades 

for non-invasively detection of endothelial dysfunction, as a functional parameter of 

endothelium, and early atherosclerosis wall changes in different arterial walls as 

morphological changes. These two variables have different pathophysiological background 

even though it has been shown a good correlation between each variable with conventional 

risk factors for coronary artery disease (CAD) and ability to predict the occurrence of 

cardiovascular events. The correlation between these two methods in different studies and in 

different populations has been a controversial since each method can be influenced by 

different factors as age independent of the presence or absence of CAD. 

 
Endothelial function and flow mediated dilatation (FMD) 

The vascular endothelium 

plays a critical role in the 

homeostatic and 

physiologic functions of 

the vasculature. 

Endothelium keeps a 

dynamic balance in 

vascular tone by releasing 

vasoactive mediators as 

nitric oxide (NO). NO 

plays an important role in 

maintenance of basal 

vascular tone, and exerts a potent dilator effect on vascular smooth muscle. NO also supports 

a number of additional antiatherogenic functions through inhibition of platelet aggregation, 

leukocyte adhesion, monocyte chemotaxis, and smooth muscle cell proliferation. However, 

endothelial dysfunction, especially reduction in the bioavailability of endothelium derived 

nitric oxide is a key early event in atherogenesis, appearing long before the formation of 

structural atherosclerotic changes [1, 2]. Endothelial dysfunction is associated with a growing 

number of risk factors for cardiovascular disease, including smoking, diabetes mellitus, 

hypertension, hyperlipidemia, hyperhomocystinemia, menopause, and advanced age [1, 3,  

Fig. 1 Measurement of FMD in the brachial artery 
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4]. A non-invasive ultrasound-based method to assess the endothelial function was developed 

in 1992 [1] (Fig. 1). This method is based on the flow-mediated dilatation (FMD) in the 

brachial artery and provides valuable insights into early atherogenesis. An impaired FMD of 

the brachial artery has been demonstrated in asymptomatic individuals with established 

cardiovascular risk factors such as smoking, hypercholesterolemia and diabetes [1, 3]. FMD 

correlates with an invasive testing of coronary endothelial function, as well as to the severity 

and extent of coronary atherosclerosis [5, 6]. Flow-mediated dilation is also a surrogate 

variable that may predict cardiovascular events [7, 8]. 

 

Arterial wall thickness and B-mode ultrasonography 

Atherosclerosis evolves 

from the vascular wall. 

The initial build-up starts 

in the intima-layer of the 

arterial wall. To track 

these early phases of 

disease requires a 

technique that can reliably 

detect and follow the 

extent of the intima 

thickening non-invasively 

over time. B-mode 

ultrasonography can not be used to measure the intima thickness but allows the measurement 

of the combined thickness of the intima and media-layers, the so called intima-media-

complex (Fig. 2). The ultrasonographic method can be used for evaluation of lumen diameter, 

intima-media thickness (IMT) and presence and extent of plaques in superficial arteries such 

as the carotid arteries. The quantitative assessment of the intima-media thickness using 

ultrasound is safe, validated and inexpensive. Several articles during the past 20–30 years 

have shown the value of B-mode ultrasonography to detect and monitor atherosclerosis. An 

increased intima-media thickness has been shown to be associated with unfavourable levels of 

established cardiovascular risk factors [9], prevalent cardiovascular disease [10] and 

atherosclerosis elsewhere in the arterial system [11]. Several investigators have observed that 

the severity of carotid artery disease as measured by ultrasound correlates with CAD as  

Fig. 2 Measurement of IMT in common carotid artery 
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defined by angiography [12 - 14]. Furthermore, several large prospective studies have 

evaluated the usefulness of ultrasonographic measurement of IMT and have demonstrated its 

role in predicting future cardiovascular events. IMT is commonly considered to be an early 

index of atherosclerosis and in longitudinal studies was identified as a risk factor for 

myocardial infarction and stroke [15]. 

 

Thoracic aorta wall changes and transesophageal echocardiography 

Transesophageal echocardiography (TEE) is a 

semi-invasive procedure with a proven utility in 

identifying aortic atherosclerosis as a source of 

embolism and in evaluating other aortic 

pathologies (Fig 3). It can accurately detect 

aortic atheromatous plaques and assess their 

size and specific characteristics. Atherosclerotic 

lesions in the aorta detected by TEE are 

markers of diffuse atherosclerotic disease, often 

associated with coronary, carotid and peripheral 

vascular disease [16, 17]. Moreover, qualitative evaluation of thoracic aortic atherosclerosis 

by TEE has been related to coronary artery disease (CAD), with a good negative predictive 

value for the disease [18]. Autopsy studies have also shown that atherosclerotic disease of the 

thoracic aorta has a direct correlation with the degree of CAD [19]. In addition, a strong 

association between the presence and severity of aortic plaque imaged by TEE and the 

presence and extent of CAD has been identified [20 - 23]. Patients with complex plaque, 

defined as a protuberant plaque of ≥ 4 mm in thickness or any plaque with a mobile 

component detected on routine TEE, are at high risk for cardiac death and coronary event 

[24]. 

Fig. 3 TEE of thoracic aorta 

 

Oral snuff 

The use of oral moist snuff (ground and moistened dark tobacco, buffered to a pH of about 

8.5 with sodium carbonate) is a widespread habit in Sweden (Fig. 4). During the last two 

decades snuff sales have steadily increased and in 2001, 198 million cans were sold. Today, 

10.4% of the population between 15 and 75 years of age in Sweden are snuff users. This  
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increase has occurred in conjunction with a 

decrease in the consumption of cigarettes. In 

Sweden, which is the largest market in northern 

Europe, there are almost a million snuff consumers; 

about half of them are former smokers. 

Cardiovascular health hazards and endothelial 

damage associated with cigarette smoking are well 

known [25, 26] but conflicting results have been 

obtained regarding the role of smokeless tobacco as an important cardiovascular risk factor 

[27–29]. Previous data show that snuff use, in contrast to tobacco smoking, is not associated 

with an increase of the intima-media thickness (IMT) in the carotid and femoral arteries as 

assessed by the ultrasound method [30, 31]. However, endothelial dysfunction, especially 

reduction in the bioavailability of endothelium derived nitric oxide is a key early event in 

atherogenesis, appearing long before the formation of structural atherosclerotic changes [1, 2]. 

The regular use of smokeless tobacco results in blood levels of nicotine similar to those 

observed in cigarette smokers [32] and animal studies have shown an impairment of 

endothelium-dependent dilation of arterioles after acute infusion of nicotine at a concentration 

similar to that observed in smokers [33]. The mechanism for altered responses of peripheral 

arterioles during exposure to nicotine appears to be related to the production of oxygen 

radicals as treatment with superoxide dismutase significantly restores impaired vasodilatation 

[34]. However, the precise cellular pathway that accounts for the formation of the oxygen 

radicals remains unclear. The acute effect of oral snuff on endothelial function has not been 

studied yet. 

Fig. 4 Oral moist snuff (portion bag)

 

Prednisolone and atherosclerosis 

The role of glucocorticoids (GC) in the occurrence of cardiovascular disease (CVD) in 

patients with rheumatoid arthritis (RA) has been a subject of controversy for decades. To date, 

there are only a few studies of the effects of GC on CVD and atherosclerosis in RA. Thus, 

multivariate analyses show that use of prednisone is a risk factor for mortality in RA [35]. 

Furthermore, in a retrospective study, GC treatment early in the disease increased the risk of 

CVD, possibly indicating an aggressive disease, whereas in patients with any CVD event 

during follow up, GC treatment for at least one year seemed to delay the event [36]. Possibly  
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the deleterious effects of GC on lipids, glucose metabolism, and blood pressure could be 

balanced by its control of inflammation. In a cross-sectional study, lifetime GC treatment was 

associated with presence of carotid plaque and arterial incompressibility in patients with RA; 

however, treatment was given by indication [37] and therefore the results are difficult to 

interpret. The net CVD effect of low-dose glucocorticoid therapy, as well as high-dose 

therapy targeted toward severe inflammatory manifestations in RA patients, remains 

unknown. To determine the issue of GC treatment and its risk for atherosclerosis the need for 

study of inception cohorts has been addressed, including patients with early RA [38]. 
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Aims  
 

• To determine whether intake of oral moist snuff causes acute endothelial dysfunction in 

the brachial artery of long-term snuff users. 

 

• To assess the strength of any relation between walls changes in the thoracic aorta and 

carotid arteries and the angiographic severity and extent of coronary artery lesions in 

patients with angiographically verified CAD. 

 

• To examine the relationship between morphological and functional parameters of the 

brachial and carotid arteries and the angiographic extent and severity of coronary artery 

stenosis in patients with severe CAD. 

 

• To determine the influence of low-dose prednisolone on atherosclerosis, endothelial 

function, and risk factors for atherosclerosis in patients with early rheumatoid arthritis 

(RA). 

 

 

 

 

 

 

 

 

 

 

 

 

 6



Subjects and Procedures 
 

Study I: Twenty healthy snuff users were enrolled in the study (18 males and two females), 

mean age 34 years (24 + 6). No participant had a history of cardiovascular disease or diabetes. 

None of the participants took any drug. The studies were always conducted early in the 

morning after 10-h fasting. FMD measurements were performed in duplicate at baseline, and 

then 20 and 35 min after the administration of 1 g portion-bag-packed moist snuff of the same 

brand or placebo. Ten of the subjects were studied twice according to a randomized cross-

over procedure, once with snuff and once with placebo within a week of the first study. 

Amongst these 10 subjects, half of them were examined with placebo first and the other five 

subjects began with the snuff examination. Figure 5 shows the flow chart of the study.  

 

                                 FMD       FMD                                      FMD                 FMD 
 
 15 min. 20 min. 15 min. 

Snuff (n = 20 ) / Placebo (n = 10 )
  1 g 

BP + HR BP + HR BP + HR BP + HR 

 
Fig. 5 Flow-mediated dilation at baseline was calculated as a mean value of the two measurements. 

Ten subjects were studied once with snuff and the other ten subjects were randomized to placebo or 

snuff and studied twice by a cross-over procedure within a week of the first study. 

 

Study II: Thirty-seven consecutive patients (29 males and 8 females), age 65 ± 10 years, 

referred to coronary bypass surgery due to verified coronary artery disease were included in 

the study. All patients had already undergone coronary arteriography. Carotid B-mode 

ultrasonography was performed in all patients 2 weeks before the operation. Transesophageal 

echocardiography was performed peroperatively for evaluation of atherosclerotic changes in 

the ascending aorta, the aortic arch and the descending aorta.  
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Study III: Fifty-eight patients (46 males and 12 females), age 67 + 9, referred to coronary 

bypass surgery because of verified CAD were included in the study. All patients had already 

undergone coronary arteriography. FMD in the brachial artery as well as carotid B-mode 

ultrasonography were performed on all patients approximately 2 weeks before the operation. 

The patients were examined in the morning after an overnight fast.  

 

Study IV: Sixty-seven patients with RA were recruited from Karolinska University Hospital, 

Huddinge, as part of the 6-center BARFOT (Better Anti-Rheumatic FarmacO-Therapy) study, 

a Swedish multicenter study designed to investigate clinical and therapeutic aspects of early 

RA. Of the 67 participating patients, 34 (13 males and 21 females), age 55 + 25 years, had 

been randomized to treatment with prednisolone 7.5 mg daily for the first 2 years of the 

disease, the prednisolone group. At the 2-year control, 13 among these were randomized 

according to the trial protocol to continue the prednisolone treatment for at least another 2 

years, in fact the whole study period, and 21 to stop this treatment. Thirty-three of the 67 

patients (11 males and 22 females), age 55 + 10 years, were randomized at baseline to 

nontreatment with prednisolone during the whole study period, the no-prednisolone group. 

Disease modifying antirheumatic drug (DMARD) was chosen by the treating physicians, in 

accord with the treatment strategy recommended in Sweden at the time of the study. 

Treatment with nonsteroidal anti-inflammatory drugs (NSAID) was permitted and 

intraarticular steroid treatment was allowed. Four patients randomized to prednisolone 

treatment were taking antihypertensive drugs compared to 6 patients randomized to no-

prednisolone. None had lipid-lowering therapy. After a mean of 5 years intima-media 

thickness (IMT) and calculated intima-media area (IMa) of the carotid arteries were 

determined by B-mode ultrasound. Endothelial function was determined by flow-mediated 

dilatation (FMD) of the brachial artery. The patients were examined in the morning after an 

overnight fast.  

 

The Ethics 

The Ethics Committee of the Karolinska Institute, Huddinge University Hospital approved all 

studies, and all subjects gave their informed consent to participate. 

 

 8



Methods 
 

Assessment of flow-mediated dilatation, intima–media thickness and 

calculated intima–media area in the brachial artery  

The ultrasound procedures for 

assessing endothelium dependent 

FMD were performed as described in 

the international guidelines by Corretti 

et al. [39]. The patients were told not 

to use long-acting nitroglycerin or 

calcium antagonist drugs 36 h before 

the examination. 

A high-resolution ultrasound scanner 

(System Five; GE Vingmed, Horten, 

Norway) with a 10.0 MHz linear array transducer was used. After a 10-min equilibration 

period at rest in the recumbent position, a single dedicated ultrasonographer performed 

measurements of the left brachial artery FMD. Scans of the brachial artery were taken 

proximal to the antecubital fossa and saved on videotape. Baseline diameter recordings were 

obtained after which arterial occlusion was performed by inflating a forearm blood pressure 

cuff (12.5 cm wide) to 250 mmHg for 4.5 min. After cuff release, diameter recordings were 

repeated during the post occlusive increase in brachial artery blood flow (Fig. 1). The 

complete experimental sequence was performed twice at 30-min intervals. Images were 

digitally acquired from the videotape and measured in random order by a single observer 

blinded to the conditions under which the ultrasonic images were obtained. The brachial 

artery lumen diameter was defined as the distance from the leading edge of the near wall 

intima–lumen echo to the leading edge of the far wall lumen–intima echo along a line 

perpendicular to the artery’s long axis. A computer system [40] with automated tracing of 

echo interfaces and measurements of distances between the wall echoes within a 5 mm long 

section of the brachial artery was used. The brachial artery diameter was calculated in 

diastolic frames taken coincidentally with the R wave on the electrocardiogram twice at rest 

and then 45, 60 and 75 s after cuff deflation. A mean of the diameters after 45, 60 and 75 s  

Fig. 6 Measurement of brachial artery IMT 
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was calculated. Diameter changes were expressed as the percentage change relative to the 

mean baseline value. The mean of two FMD examinations was used. The IMT of the brachial 

artery was defined as the distance between the leading edge of the lumen–intima echo and the 

leading edge of the media–adventitia echo in the far wall (Fig. 6). The cross-sectional intima–

media area of the brachial artery was calculated using the same formula as for the calculated 

common carotid intima–media area [41]. The differences between repeated measurements of 

IMT, lumen diameter and FMD, by using the automated analysing system, were 3.0, 1.4 and 

5.5% (coefficient of variation), respectively.  

 

Assessment of carotid atherosclerosis 

   Common carotid artery 

The right and left carotid 

arteries were examined with 

a duplex scanner (Aspen, 

Acuson, Mountain View, 

California, USA) using a 7 

MHz linear array transducer. 

The patients were 

investigated in the supine 

position with the head 

slightly turned from the 

sonographer. The same trained sonographer performed all scans. The carotid arteries were 

carefully examined with regard to wall changes. The far wall of the common carotid artery 

(CCA), 0.5–1.0 cm proximal to the beginning of the carotid bulb, was used for measurements 

of the IMT. The IMT was defined as the distance between the leading edge of the lumen–

intima echo and the leading edge of the media–adventitia echo. The lumen diameter was 

defined as the distance between the leading edge of the intima–lumen echo of the near wall 

and the leading edge of the lumen–intima echo of the far wall. The examinations were 

videotaped for subsequent analyses by a computer system [40] with automated tracing of echo 

interfaces and measurements of distances between the wall echoes within a 10 mm long 

section of CCA in late diastole, defined by a simultaneous electrocardiographic recording. 

The mean values of the IMT and lumen diameter within the 10 mm long section were 

calculated. Carotid plaque was defined as a localized intima–media thickening of greater than  

Fig. 7 Carotid plaque = IMT > 1 mm and at least a 100% 
increase in thickness compared with adjacent wall segment  
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1 mm and at least a 100% increase in thickness compared with adjacent wall segments (Fig. 

7). Plaque was screened for in the CCA, and the internal and external carotid arteries. Plaque 

occurrence was scored as the absence of plaque, the presence of unilateral plaque, and the 

presence of bilateral plaque. The differences between repeated measurements of IMT and 

lumen diameter, by using the automated analysing system, were 3.2 and 0.6% (coefficient of 

variation), respectively (with an IMT of 0.48–1.04 mm and a lumen diameter of 4.34–7.91 

mm). To compensate for the stretching effect of arterial distension (secondary to increased 

arterial pressure) on the wall thickness, the cross-

sectional IMa was calculated by using the formula 

3.14 [(lumen diameter/2 + intima–media thickness) 

2 - (lumen diameter/2) 2] (Fig. 8). This calculated 

IMa, but not the IMT, has been shown to be 

unaffected by variations in artery distension 

secondary to changes in blood pressure [41]. The 

ultrasonographic methods used have been described 

in detail previously [14, 42].  Fig. 8 Calculated IMa = 3.14 [(lumen diameter/2 + 
intima-media thickness)2 − (lumen diameter/2)2] 

 

Assessment of aortic atherosclerosis and scoring 

Transesophageal echocardio-

graphy was performed 

preoperatively after induction 

of  anaesthesia by an 

experienced anaesthesiologist  

using a multiplane 3.5–7.0 

MHz probe (Vingmed System 

Five, GE) according to a 

standard protocol. Special 

attention was paid to the 

aortic arch and the descending 

aorta with regard to 

atherosclerotic lesions.  

Fig. 9  a) Grade I:          < 1 mm, smooth intimal 
 b) Grade II:          1- 3 mm, plaque 
 c) Grade III:          3 - 5 mm, plaque 
 d) Grade IV:          > 5 mm, plaque 
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Atherosclerotic lesions of the thoracic aorta were graded using a modification of a previously 

described classification [20, 22] (Fig. 9). The thoracic aorta was considered normal (grade I) 

when the intimal surface was smooth and continuous without lumen irregularities or increased 

echo density, with an intimal thickness less than 1.0 mm. Grade II was defined as a simple 

atherosclerotic plaque with  increased echo density of the intima extending less than 3.0 mm 

into the aortic lumen. Grade III was defined as an atherosclerotic plaque extending 3.0 mm or 

greater and less than 5.0mm into the aortic lumen. In grade IV, the atherosclerotic plaque was 

5.0 mm or greater in thickness. 

 

Assessment of coronary atherosclerosis and scoring 

All patients were catheterized 

percutaneously via the femoral 

vessels using the standard 

Judkins technique, or via the 

right brachial artery using the 

Sones technique. An 

interventional cardiologist, who 

was blinded to the FMD and the 

carotid and brachial artery IMT 

and TEE, performed 

angiographic scoring. Coronary 

angiograms were interpreted 

visually and were always 

analysed in two orthogonal 

views, and were scored by two techniques, as follows. For the severity score, the number of 

major vessels with luminal stenoses equalling 70% (lumen diameter reduction) were scored 

from 0 to 3 (for right, left anterior descending, and circumflex arteries). Left main stenosis ≥ 

70% was scored as one-vessel disease if there was no lesion equal to 70% in the other vessels. 

The extent score was defined by using a modification of a previously described method [43, 

44] (Fig. 10). The extent score was defined by counting the number of segments showing 

stenosis of 50 – 75%. This definition does not introduce any weight related either to the 

haemodynamic importance of the segment or to the degree of stenosis within the 50–75%  

a b 

c d 

Fig. 10 The coronary extent score was defined by counting 
the number of segments showing stenosis of 50 – 75%.  
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range. The extent score definition is not related to a haemodynamic concept, but to a 

pathophysiological concept: it attempts to summarize the moderate lesions. These lesions 

have a high potential for progression, whereas the more severe (> 75%) lesions are probably 

secondary to thrombotic, occlusive modifications than to a primary atherogenic progression. 

 

Assessment of disease and risk factors for atherosclerosis 

RA disease activity was measured by the Disease Activity Score composite index (DAS28), 

calculated on 28 joints [45], which includes number of swollen joints, number of tender 

joints, patient’s assessment of global disease activity, and erythrocyte sedimentation rate 

(ESR). Functional disability was assessed using the Swedish version of the Stanford Health 

Assessment Questionnaire (HAQ) [46]. The HAQ score ranges from 0 to 3, a higher score 

indicating a higher degree of disability. Blood pressure was measured in both arms after 10 

minutes of rest by a specially trained nurse. Hypertension was defined as blood pressure > 

140/90 or treatment with antihypertensive drugs. The questionnaire and interview, for which 

the research nurse was responsible, included information about smoking history, previous and 

present cardiovascular morbidity, and presence of diabetes mellitus. Smokers were defined as 

patients consuming at least one cigarette daily. Diabetes mellitus was defined as present if the 

patient had a history of diabetes or if the fasting plasma glucose exceeded 126 mg/dl or if the 

plasma glucose exceeded 200 mg/dl 2 h after a meal. 

Blood samples were taken between 8:00 and 9:30 AM, after 8 to 12 hours of fasting. Levels 

of serum total cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were 

measured enzymatically (Modular Analytics P, Roche Diagnostics). Serum low-density 

lipoprotein (LDL) cholesterol was calculated using the Friedewalds equation (LDH = total 

cholesterol – HDL cholesterol – 0.45 × triglyceride). Lipoprotein(a) [Lp(a)] levels were 

determined by a turbidimetric method (ModularAnalytics P, Roche Diagnostics). 

Hypercholesterolemia was defined as a total serum cholesterol level >220 mg/dl or 

documented hypercholestrolemia requiring lipid-lowering drug therapy. Plasma homocysteine 

was determined by fluorescence- polarization immunoassay (Abbot). Fibrinogen, 

homocysteine, ESR, and high-sensitivity C-reactive protein (CRP) levels were determined by 

routine techniques at the Department of Clinical Chemistry, Karolinska University Hospital.  
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Statistical analyses 
 

Study I: Results are presented as mean and standard deviation (SD). Paired t-test was used to 

compare continuous variables. All tests were two-sided and p < 0.05 was regarded as 

statistically significant. 

 

Study II: All data are presented as mean ± SD. Nonparametric Spearman’s rank correlation 

test was used in the correlation analyses. A p-value <0.05 was considered statistically 

significant. 

 

Study III: All data are presented as mean + SD or SEM. Analysis of variance was used to 

analyse differences among groups with regard to the coronary score. Non-parametric 

Spearman’s rank correlation test was used in the correlation analyses. Multiple regression 

analyses, including all variables significantly associated with the variable in focus in 

univariate analyses as an independent variable were performed. A p value < 0.05 was 

considered statistically significant. 

 

Study IV: Skewed continuous variables were logarithmically transformed to attain normal 

distribution. Study groups were compared using ANOVA for continuous variables and chi-

square for categorical variables. Fisher’s PLSD was used as post-hoc test. Correlation analysis 

was performed using simple and multiple regression for normally distributed variables and 

Spearman correlation analysis for non-normally distributed variables. The significance level 

was put at p < 0.05. 
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Results 
 

Study I: 

 Mean blood pressure was 109/74 mmHg and 

heart rate was 55 beats per minute at baseline 

(Table 1). Basal vessel diameter (before and 20 

and 35 min after snuff administration: 3.80 ± 0.34, 

3.78 ± 0.35 and 3.81 ± 0.30 mm) remained 

unchanged (Table 2). Heart rate, systolic and 

diastolic blood pressure increased significantly 

after snuff administration (Fig.11), but remained 

unchanged after placebo. The percentage increase 

in blood flow during reactive hyperaemia 

increased slightly but not significantly 20 min after snuff administration (before and 20 and 

35 min after snuff administration: 338 ± 138, 365 ± 125 and 319 ± 105%) (Table 2) and 

remained unchanged after placebo (baseline 431 ± 140, 446 ± 144 and 441 ± 117%). FMD 

values declined significantly (Table 2 and Fig. 12), but remained unchanged after placebo.  

 

Table 2. Brachial artery diameter, peak hyperemic blood flow, blood flow increase and FMD 

before and 20 and 35 minutes after the administration of moist snuff (n = 20) 

 Before snuff     20 min after snuff 

                               

35 min after snuff

 

Baseline brachial artery diameter (mm)    3,80 ± 0,34        3,78 ± 0,35              3,81 ± 0,30            

Peak hyperemic blood flow (ml/min)       438 ± 140          465 ± 125 419 ± 105 

Blood flow increase (%)                  338 ± 138 365 ± 125 319 ± 105 

FMD (%)                                          3,4 ± 2,0            3,1 ± 2,4                  2,2 ± 1,3* 

 
Means ±SD, p < 0.05*                          
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Fig. 11 Effect of oral snuff on heart rate (HR) (beats/min), systolic (SBP) and diastolic (DBP) blood 

pressure (mmHg). Oral snuff significantly increased HR 20 and 35 minutes after snuff, SBP and DBP 20 

minutes after snuff. (*p <0.05) 

 

 
 
 

 

Fig. 12 Effect of oral moist snuff on flow-mediated dilation. FMD decreased significantly 35 min. 

after administration of snuff in healthy snuff users (*p = 0.0037). 
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StudyII: 

The demographic characteristics of the patients are presented in Table 3. The average of right 

and left sided carotid IMT and IMa was 0.87±0.21mm and 20.4±6.9 mm2, respectively (Table 

4). All patients had carotid plaques. TEE detected grades II–IV atherosclerotic plaques in the 

thoracic aorta in 32 of the 37 (86%) patients (Table 5). The plaques were most frequent in 

descending aorta. Coronary angiography detected 1-vessel disease in 4 patients (11%), 2-

vessels disease in 10 patients (27%) and 3-vessels disease in 23 (62%) of the 37 patients. 

 

Table 3. Demographic characteristics of the patients (n = 37) 

 

Gender (men/women), n    29/8  

Age (years)     65 ± 10 

Blood pressure, mm Hg 

 Systolic    142 ± 22 

 Diastolic    83 ± 10 

Body mass index, kg/m2    27 ± 3 

Smoking status 

 Current n (%)     4 (11) 

 Former n (%)   17 (46) 

Hypertension, n (%)    12 (32) 

Hyperlipidemia, n (%)    32 (86) 

Diabetes mellitus, n (%)       2 (5)  

Myocardial infarction, n (%)   25 (68) 

Stroke, n (%)         1 (3) 

Intermittent claudication, n (%)     6 (16) 

 

Values are means ± SD 
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Table 4. Severity of atherosclerotic wall changes in the carotid arteries of 37 patients 

 

Common carotid artery IMT (mm)   mean ± SD 

  Left side   0.87 ± 0.23 

  Right side   0.86 ± 0.20 

 

Common carotid artery IMa (mm2) 

  Left side   20.1 ± 7.1 

  Right side   20.3 ± 6.9 

 

Plaque     n (%) 

  Absent   0 (0) 

  Unilateral   10 (27) 

  Bilateral   27 (73)  

 

 

 

 
Table 5. Severity of atherosclerotic plaque in the thoracic aorta of 37 patients, n (%) 

 

Location of aortic plaque  Grade I Grade II Grade III Grade IV 

 

Descending aorta  6 (16) 17 (46) 10 (27) 4 (11) 

Aortic arch   25 (68) 5 (13,5) 5 (13,5) 2 (5) 
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Correlation of aortic plaques with extent of CAD 

 

A significant correlation was seen between extent of coronary artery stenosis, defined as 

coronary angiographic extent score, and aortic wall changes, defined as plaques score (r = 

0.46, p = 0.008) (Fig. 13). The correlation remained significant (r = 0.44, p = 0.02) after 

excluding patients with diabetes mellitus. There was a weak correlation (r = 0.22, p = 0.04) 

between coronary artery severity score, defined as 1-, 2-, 3- vessel disease and aortic plaque 

score. 

 

 

 

 

 

 
 

Correlation of carotid wall changes with extent of CAD 

 

A significant correlation was seen between the coronary angiography extent score and the 

common carotid artery mean IMT (r = 0.44, p = 0.007) (Fig. 14). The correlation remained 

significant (r = 0.40, p = 0.02) after excluding patients with diabetes mellitus. There were no 

significant correlations between extent of CAD and IMa, and carotid plaque, respectively. 

There was however a significant correlation (r = 0.33, p = 0.02) between severity of CAD, 

defined as 1-, 2- or 3-vessel disease, and mean IMT. 
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Fig. 13 Scatter plot showing the 

relationship between CAD, as 

measured by extent score, and plaque 

status in the thoracic aorta.  

 

Fig. 14 Scatter plot showing the 

relationship between CAD, as 

measured by extent score, and mean 

IMT for the combined left and right 

common carotid arteries. 
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Correlation of aortic plaques with carotid wall changes 

 

A significant correlation was seen between aortic plaque score and the common carotid artery 

mean IMT (r = 0.39, p = 0.02) (Fig. 15). The correlation remained significant (r = 0.35, p = 

0.04) after excluding patients with diabetes mellitus. However, there were no significant 

correlations between aortic plaque score, IMa or carotid plaque. 
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Fig. 15 Scatter plot showing the 

relationship between aortic plaque 

score and mean IMT for the 

combined left and right common 

carotid arteries. 
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Study III: 

The demographic characteristics of the patients are presented in Table 6. The mean values of 

right and left-sided carotid IMT and IMa were 0.84 + 0.20 mm and 19.75 + 6.72 mm2, 

respectively (Table 7). Fifty-five out of 58 patients (95%) had carotid plaques. Mean brachial 

artery FMD and IMT were 5.4 + 5.7% and 0.35 + 0.05 mm, respectively (Table 8). Coronary 

angiography detected one vessel disease in eight patients (14%), two-vessel disease in 13 

patients (22%) and three-vessel disease in 37 of the 58 patients (64%). 

 

Table 6. Demographic characteristics of the patients (n = 58) 

 

Sex (men/women), n    46/12  

Age (years)     67 ± 9  

Blood pressure, (mm Hg) 

 Systolic    140 ± 30 

 Diastolic    80 ± 9.8 

Body mass index, kg/m2    27 ± 3.4 

Cholesterol (mmol/l)    5.3 ± 1.2 

Smoking status 

 Current n (%)     6 (10) 

 Former n (%)   26 (45) 

Hypertension, n (%)    22 (38) 

Diabetes mellitus, n (%)        3 (5) 

Myocardial infarction, n (%)   30 (52) 

Stroke, n (%)       7 (12) 

Claudicatio intermittent, n (%)   11 (19) 

Coronary angiogram 

 One-vessel disease, n (%)      8 (14) 

 Two-vessel disease, n (%)   13 (22) 

 Three-vessel disease, n (%)  37 (64) 

 

Values are mean ± SD 
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Table 7. Severity of atherosclerotic wall changes in the carotid arteries of 58 patients 

 

Common carotid artery IMT (mm)                          mean   ± SD 

  Left side   0.85 ± 0.25 

  Right side   0.80 ± 0.18 

 

Common carotid artery IMa (mm2) 

  Left side   19.4 ± 7.6 

  Right side   18.1 ± 6.1 

 

Plaque       n (%) 

  Absent       3 (5) 

  Unilateral   12 (21) 

  Bilateral   43 (74) 

 

IMT, intima-media thickness; IMa, calculated intima-media area  

  

 

Table 8. Flow-mediated dilatation, intima-media thickness and calculated intima-media area in 

the brachial artery of 58 patients 

 

     Mean ± SD 

Baseline brachial artery diameter (mm)   3,6 ± 0,7  

Peak hyperemic blood flow (ml/min)   440 ± 140 

Blood flow increase (%)    340 ± 138 

FMD (%)     5,4 ± 5,7 

IMT (mm)     0,35 ±  0,05 

IMa (mm2)     4,45 ± 1,33 

 

FMD, Flow-mediated dilatation; ; IMT, intima-media thickness; IMa, calculated intima-media area 
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Correlation of flow-mediated dilatation, intima–media thickness and calculated intima-

media area in the brachial artery with extent of coronary artery disease 

 

A significant correlation was seen between the extent of coronary artery stenosis defined as 

the coronary angiographic score and both the brachial artery IMT and IMa (r = 0.38, P = 

0.006; Fig. 16 and r = 0.31, P = 0.02, respectively). Both brachial artery IMT and brachial 

artery IMa were significantly associated with body mass index (BMI), systolic blood pressure 

and age (P < 0.05). The relationship between IMa in the brachial artery and coronary 

angiographic score remained significant when adjustments for BMI, systolic blood pressure 

and age were made in a multiple regression analysis (P < 0.05), whereas the relationship 

between brachial IMT and the coronary angiographic score became non-significant after the 

same adjustments. There was also a significant correlation between the coronary artery 

severity score, defined as one-, two-, or three-vessel disease, and both the brachial artery IMT 

and IMa (P = 0,01; and P = 0.04, respectively). There was no significant correlation between 

FMD and the extent or severity of coronary artery stenosis. 
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Fig. 16 Relationship between 

intima–media thickness in the 

brachial artery (bIMT) and coronary 

artery disease (CAD) as measured by 

extent score.  
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Correlation of flow-mediated dilatation, intima–media thickness and calculated intima-

media area in the brachial artery with carotid wall changes 

 

A significant correlation was seen between the mean common carotid artery IMT and the 

brachial artery IMT (r = 0.30, P = 0.03) (Fig. 17). Furthermore, there was a significant 

correlation between the mean common carotid artery IMa and the brachial artery IMa (r = 

0.30, P = 0.03. The relationship between IMT:s in the brachial and carotid arteries did not 

remain significant when adjustments for BMI, systolic blood pressure and age were made in a 

multiple regression analysis. There was no significant correlation between FMD and the mean 

common carotid artery IMT or IMa (r = 0.16, P = 0.23 and r = 0.17, P = 0.24, respectively). 
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Fig. 17 Linear relationship between 

intima–media thickness in the 

brachial artery (bIMT) and mean 

intima–media thickness for the 

combined left and right carotid 

arteries (cIMT). 
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Study IV: 

Baseline characteristics of the study group are given in Table 9.  

 

Table 9. Baseline characteristics of the study group at enrolment separated into those 

randomized to prednisolone or to no prednisolone from onset of the disease 

  Prednisolone 

(N=34) 

No Prednisolone 

(N=33) 

 

 

p-values 

Age, years 55 (25) 55 (10) Ns 

Sex, % males 38.2 33.3 Ns 

Patient with nodules, n 1 4 Ns 

HAQ score 1.1 (0.58) 1.2 (0.56) Ns 

DAS28 5.4 (1.0) 5.3 (1.1) Ns 

CRP 38.6 (36.9) 43.4 (45.1) Ns 

ESR, mm 45.1 (25.2) 45.6 (28.9) Ns 

Blood pressure, mmHg 136 (20)/79 (10) 142 (21)/82 (9) Ns 

Smoking status, n   Ns 

   Non-smoker 14 8 Ns 

   Current smoker 12 15 Ns 

   Ex-smoker 8 10 Ns 

Diabetes mellitus, n 2 2 Ns 

Ischemic cardiovascular disease, n 5 4 Ns 

 

Results are presented as means (SD) or percentage (%).  

Ns= not significant; N = number. 

 

There were no significant differences between treatment groups at enrolment into the 

BARFOT program. Of note, disease activity determined as DAS28 and HAQ score did not 

differ between groups. These baseline characteristics for 67 patients did not differ from the 

rest of the patients in the main study (data not shown). There were no significant differences 

in smoking habits or incidence of previous ischemic cardiovascular diseases between the 2 

groups. All 13 patients randomized to continue prednisolone at Year 2 were taking that drug  
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at completion of the study. Of those randomized to stop prednisolone treatment after 2 years, 

one started that treatment at Year 3. No patient in the no-prednisolone group started with 

prednisolone during the study. In both treatment groups, no patient received more than 5 

intraarticular steroid injections per year. Following the study protocol, DMARD were given to 

all patients at baseline; most patients were prescribed methotrexate including folic acid 

supplementation followed by sulfasalazine, with no difference between the study groups. At 

1, 2, and 4 years as well as at the time for the present atherosclerosis assessments, treatment 

with DMARD was comparable between groups (Table 10).  

 

Table 10. Number of patients treated with DMARD, biologics and NSAID in the two groups at 

the time of atherosclerosis assessment for this study 

 Prednisolone 

 N=34 

No prednisolone  

N=33 

p 

DMARD    

      Methotrexate 14 11 Ns 

     Sulfasalazine 2 4 Ns 

     Others 5 6 Ns 

     Methotrexate-combinations 5 7 Ns 

     Other combinations 1 1 Ns 

     No DMARD 7 3 Ns 

TNF-inhibitors 0 1 Ns 

NSAID 12 20 0.05 

Ns: no significance 

 

Those treated with prednisolone were more often not treated with NSAID (12 vs. 20; p = 

0.05). A few patients in each group started treatment with antihypertensive drugs during the 

study, but none started lipid-lowering drugs. As described in Table 11, there were no 

significant differences between the prednisolone group and the no-prednisolone group in 

common carotid artery IMT, lumen diameter, IMa or prevalence of plaques in the carotid 

arteries. Nor was there any difference between the two groups in FMD.  There were no 

differences in the mentioned variables between patients treated with prednisolone for the 

whole study period and those not treated at all (Table 11).  
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Table 11. Atherosclerosis measurements of the prednisolone and no prednisolone patients, after 

a mean of five years after enrolment into the study  

 

Data are mean ± SD for normally distributed variables, median (interquartile range) for nonparametric 

variables. * Brachial artery diameter and FMD% were only measured in 33 patients in the 

prednisolone group and 26 patients in the no-prednisolone group. IMT: intima-media thickness, IMa: 

calculated intima-media area, FMD: flow-mediated dilatation of brachial artery.  

 

Similarly, there was no difference in levels of biomarkers including lipoproteins, CRP, ESR, 

creatinine, and glucose or in blood pressure between the 2 treatment groups (Table 12). 

However, patients treated for at least 4 years (and currently treated) with prednisolone had a 

trend to higher systolic blood pressure (157 ± 29 mm Hg) as compared with those never 

treated with prednisolone (141 ± 28 mm Hg; p = 0.060). Further, in this subgroup of patients 

treated with prednisolone the whole time, the systolic but not the diastolic blood pressure 

increased from disease onset to the time of our investigation, from 136/79 to 155/85 mm Hg 

(p = 0.011).  Also, the patients treated constantly with prednisolone had significantly higher 

total cholesterol levels (5.6 mmol/L ± 1.39) compared to no treated patients (4.9 mmol/L ± 

1.28; p = 0.03). Other factors did not differ between these subgroups. In a simple regression  
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model, mean IMT was significantly associated with systolic blood pressure (R = 0.59, p < 

0.001), HDL (R = –0.34, p = 0.008), triglycerides (R = 0.37, p = 0.005), creatinine (R = 0.39, 

p < 0.02), age (R = 0.65, p < 0.001), and cigarette pack-years (R = 0.40, p < 0.004). In 

contrast, LDL, glucose, homocysteine, ESR, CRP, DAS28, fibrinogen, Lp(a), and body mass 

index (BMI) were found not to be significantly associated with IMT. However, in a stepwise 

multiple regression model, only age and HDL remained significant in the model if the whole 

group was analyzed (F = 46.2 and 19.9, respectively; p < 0.05). In a simple regression model, 

mean IMa was significantly associated with systolic blood pressure (R = 0.60, p < 0.001), 

HDL (R = –0.36, p = 0.004), triglycerides (R = 0.39, p = 0.0012), age (R = 0.59, p < 0.001), 

and BMI (R = 0.26, p < 0.0034). In contrast, LDL, glucose, homocysteine, ESR, CRP, 

DAS28, fibrinogen, Lp(a), and cigarette pack-years were not significantly associated with 

IMa. In a stepwise multiple regression model, age, systolic blood pressure, and HDL 

remained significant in the model (F = 8.5, 10.6, and 13.2, respectively; p < 0.05). In the 

whole study group, only age and creatinine were associated with presence of atherosclerotic 

plaques in a univariate analysis, but only age remained significant in a logistic regression 

model (chi-square 5.1, p = 0.02). FMD% was not associated with any of the variables tested. 

During the whole observation period only one patient, in the prednisolone group, had a CVD 

event, namely, a coronary revascularization procedure. 
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Table 12. Atherosclerosis risk factors, and disease activity in the two treatment groups at time of 

atherosclerosis measurements  

 Prednisolone 

(N=34) 

No prednisolone 

(N=33) 

p- values

BMI 25.7 ±4.2 25.6 ±4.8 Ns 

Total Cholesterol 5.2±1.2 4.9±0.9 Ns 

HDL 1.6±0.57 1.6±0.42 Ns 

LDL 3.1±1.0 2.8±0.7 Ns 

Triglycerides 1.1 (0.67) 1.0 (0.50) Ns 

Lp(a) 281 (598) 184.5 (323) Ns 

Homocystein 12.9±4.9 12.7±3.7 Ns 

Fibrinogen 3.4±0.75 3.7±1.0 Ns 

Creatinine 71  (21.7) 69 (27.2) Ns 

Glucose 4.9 (0.7) 5.05 (1.0) Ns 

Blood pressure (systolic) 143.8±25.3 140.8±27.8 Ns 

Blood pressure (diastolic) 80.0±6.9 80.0±14.0 Ns 

HAQ score 0.45±0.49 0.81±0.62 0.012 

ESR 15.0 (18) 16.0 (23.2) Ns 

CRP 4.0 (10.3) 4.7 (18.6) Ns 

DAS28 3.0±1.3 3.3±1.5 Ns 

Data is presented as mean ± SD for normally distributed variables and as median (Inter-quartile range) 

for non-parametric variables. BMI= body mass index; HDL= high-density lipoprotein; LDL= low-

density lipoprotein; Lp(a)= Lipoprotein(a).  
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Discussion 
 
Relationship between angiographic extent and severity of coronary artery 

stenosis and morphological and functional parameters of the brachial 

artery, the carotid arteries and the thoracic aorta  
 
The measurement of brachial artery FMD as a non-invasive test of endothelial function was 

described by Celermajer et al. [1], who demonstrated that FMD of the systemic arteries is 

impaired in children and adults with familial hypercholesterolemia, in adult smokers and in 

patients with CAD. They suggested that impaired FMD might indicate an early functional 

abnormality of the arterial system in the preclinical phase of vascular disease [3, 4]. Our study 

is consistent with this finding in that FMD in CAD patients was impaired (5.4 + 5.7%). 

However, conflicting results have been obtained regarding the relationship between FMD and 

the extent and severity of CAD [5, 47, 48]. Probable explanations for this difference might be 

that FMD can be affected by several different confounding factors such as age, sex and 

brachial lumen diameter as well as the presence of different risk factors for CAD such as 

diabetes mellitus, hyperlipidemia, hypertension and smoking. It seems that the blunted 

response of the brachial artery to reactive hyperemia, with increasing age or in patients with 

severe CAD is so strong that it can be difficult to discriminate between patients in different 

stages of CAD. These facts could explain the lack of relationship between FMD and extent 

and severity of coronary artery stenosis in our study. 

The FMD technique thus appears to be better suited for studies of younger individuals or 

possibly the prediction of the presence or absence of CAD in a low-prevalence population 

rather than the extent of coronary lesions in a high-prevalence population. Contrary to the 

brachial artery FMD, the B-mode ultrasonographic measurements of the brachial artery IMT 

and IMa reflect the extent of coronary artery stenosis in this population with advanced 

atherosclerosis. However, we observed an independent relationship between IMa in the 

brachial artery and FMD, indicating a parallel process in the development of morphological 

and functional changes in the vessel. 

The result of our study indicates that the thickening process of the intima–media in the 

brachial artery occurs parallel to the atherosclerotic process of the carotid artery. Furthermore, 

we observed that the morphological parameters of the brachial artery (IMT, IMa), but not 

FMD were correlated with the atherosclerotic wall changes in the carotid arteries. This is in  
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line with the results from other investigators, who have shown no significant correlation 

between the common carotid IMT and the brachial artery FMD in CAD patients or in 

hypertensive patients [48, 49, 50]. However, Hashimoto et al. [49] showed an inverse 

correlation between carotid IMT and FMD when both CAD and non-CAD patients were 

included in the calculation, but not in the CAD patients alone. This finding suggests that 

carotid IMT is well correlated with endothelial function in the early stage of the 

atherosclerosis process but not in the later phase. However, our study shows that the brachial 

artery IMT correlates with the carotid IMT in patients with advanced stages of 

atherosclerosis.  

Since the common carotid artery is an elastic artery and the brachial artery is a muscular 

artery one may speculate that the increases in IMT in the two arteries represent different 

pathological processes. However, in our study we could show that IMa:s in the brachial artery 

and the carotid artery were significantly correlated to the coronary angiographic score and to 

each other after the adjustments for BMI, systolic blood pressure and age indicating a parallel 

process in the development of morphological changes in different arterial sites.  

Carotid IMT has been shown to be a good surrogate marker of clinical and generalized 

atherosclerosis [9, 12, 51]. Conflicting results have been obtained regarding the role of 

common carotid IMT as a marker of the extent of CAD [12-14, 52-54]. The discrepancy 

between the results may be explained by the different and more intricate methods used for 

scoring the extent of carotid atherosclerosis. Hulthe et al. showed a strong association 

between extent of coronary atherosclerosis and carotid plaque score by using a semi 

quantitative subjective scale to grade the size of plaques [13]. However, this scoring system is 

less suitable for the carotid arteries than for the thoracic aorta because of the anatomical 

position and the presence of acoustic shadows that may occur at sites with lesions. Moreover, 

we could not show a correlation between IMa and angiographic extent of CAD, contradicting 

a previous study from our research group where IMa of the left side provided a statistically 

significant discrimination of patients with CAD [14]. We believe that this difference can be 

explained by a selection bias of the comparatively small study population. We observed a 

high prevalence of carotid plaques and grades II–IV atherosclerotic plaques in the thoracic 

aorta (100 and 86%, respectively) in CAD patients. This finding is in line with the results of a 

previous study by Kallikazaros et al., which showed a close relationship between carotid and 

ascending aortic atherosclerosis in cardiac patients [55]. They reported that only age was 

significantly related to carotid and aortic atherosclerosis and suggested that the other common 
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 cardiovascular risk factors such as diabetes mellitus loose some of their importance at 

increasing age. We did not find a significant correlation between carotid plaque score and the 

extent of coronary atherosclerosis since all subjects had carotid plaques probably due to the 

selection of patients with severe CAD. Moreover, atherosclerosis in the thoracic aorta and the 

common carotid artery IMT were clearly and significantly associated with the extent of 

coronary atherosclerosis in a group of patients with severe CAD. Although plaque thickness 

in the thoracic aorta and IMT in the common carotid artery were significantly higher in 

subjects with more severe CAD, there was a considerable overlap. 

We found that the scoring of CAD into 0-, 1-, 2- and 3- vessel disease, was less correlated 

with atherosclerosis in the carotid artery, brachial artery and the thoracic aorta than the 15-

segment coding system of the American Heart Association [44]. The latter extent score was 

defined by counting the number of segments with stenosis of 50–75%, thus adding up the 

number of moderate lesions. These lesions are of importance since they have a high potential 

for primary progression, whereas more severe (>75%) lesions are more likely to have 

secondary, thrombotic and occlusive modifications.  

In summary, we have shown a significant correlation between the morphological changes in 

brachial and carotid arterial walls and the extent of coronary atherosclerosis. A corresponding 

correlation was not found for the functional parameter of the brachial artery as defined by 

FMD.   

These findings indicate a potential of B-mode ultrasonography of the carotid and brachial 

arteries and of transesophageal echocardiography of the aorta as valuable complements to the 

conventional diagnostic methods in patients with suspected CAD. The present studies were 

performed in a symptomatic, high prevalence population undergoing coronary bypass surgery. 

The selection of patients may thus limit the applicability of the results in other populations.  

Accordingly, we could not separate endothelium-independent dilatation from endothelium-

dependent dilatation since we did not use nitroglycerine in our study. However, we measured 

a variable (FMD) that has been demonstrated to predict cardiovascular events [7, 8] and is 

correlated to risk factors for CAD [4]. 

 32



Relationship between atherosclerosis risk factors and morphological and 

functional parameters of the carotid and brachial arteries  
 
In our study of patients with rheumatoid arthritis and low prevalence of symptomatic 

atherosclerosis we could with simple regression analysis show a significant association 

between both mean common carotid artery IMT and IMa and conventional risk factors such 

as age, systolic blood pressure, HDL and triglycerides. We also found a significant 

association between brachial artery IMT and IMa and BMI, systolic blood pressure and age in 

patients with CAD. These results are in line with previous population-based studies on 

relationship between the conventional CAD risk factors and early atherosclerosis [see e. g. 9, 

56]. 

In contrast to morphological variables FMD was not associated with any of the risk factors 

tested in the studied patient populations. This finding is in line with the result of a previous 

study by Witte DR et al., which showed in a meta- regression analysis that only in populations 

at low risk, endothelial function measured by FMD is related to the principal cardiovascular 

risk factors, and to the estimated 10-year risk of coronary heart disease [57]. 

Our results indicate that the morphological variables IMT and IMa, but not the functional 

variable FMD, identify risk factors of importance for the development of atherosclerosis in 

middle-aged and elderly subjects. 

 

Oral snuff and endothelial function 
 
We have shown that the administration of 1 g oral moist snuff causes acute endothelial 

dysfunction in the brachial artery of chronic snuff users. However, the precise mechanisms by 

which oral snuff leads to this endothelial dysfunction are unknown. Application of nasal 

nicotine spray causes endothelial dysfunction [58]. Endothelial dysfunction is present in 

chronic smokers as well as after acute cigarette smoking [3, 59, 60]. Thus, it is most likely 

that the acute impairment of endothelial function after the use of cigarettes, nicotine spray and 

snuff is induced by nicotine. Furthermore, we found the same haemodynamic responses to 

oral snuff as previously demonstrated by other investigators [25, 61]. The predominant 

haemodynamic effects of nicotine result from activation of the sympathetic nervous system 

mediated by release of noradrenaline and adrenaline [62]. Sympathetic stimulation evoked by  

baroreceptor unloading markedly reduces FMD, possibly by decreasing NO availability [63].  
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In addition to studies of the sympathetic effect on FMD, several investigators have examined 

the role of oxygen radicals and tetrahydrobiopterin (BH4) in impaired FMD both in humans 

and animals [33, 64, 65]. Qin et al. have shown that application of superoxide dismutase or 

BH4 during infusion of nicotine could prevent impaired NOS-dependent vasodilatation in an 

animal model, suggesting that the formation of oxygen radicals, possibly via an alternation in 

the utilization of BH4, contributes to this impairment [65]. In line with previous studies the 

present study indicates that oral moist snuff is associated with higher ambulatory blood 

pressure, increased heart rate, an increased risk of type 2 diabetes and endothelial dysfunction 

[61, 66]. Thus, these factors might contribute to an increased cardiovascular risk in snuff 

users. Flow-mediated dilation is a surrogate variable, which predicts cardiovascular events [7, 

8]. Based on the results of the present study and the known haemodynamic effects of snuff we 

suggest oral snuff should be considered as a public health risk. However, further 

investigations are needed to find out whether long-term snuff consumption is associated with 

higher risk of cardiovascular events. Otherwise, the health care system will most likely face a 

new, growing, harmful habit in the near future. Smokeless tobacco may not be as harmful as 

smoking cigarettes but it involves a large number of the population, as there are almost one 

million snuff users in Sweden alone. A proportionately small increase in cardiovascular 

morbidity or developing insulin resistance due to this habit has obvious effects on the public 

health level. Many of the snuff consumers were recruited from smokers who intended to quit 

smoking. Use of snuff results in blood levels of nicotine similar to those observed in cigarette 

smokers [32] and therefore many subjects find it very difficult to quit the use of snuff later on. 

There are numerous studies regarding smoking cessation whereas we lack snuff use cessation 

studies [67]. Taken together, we do believe there is a significant health risk if snuff is 

marketed as a harmless substitute for smoking. In conclusion oral moist snuff significantly 

impairs endothelial function and has negative haemodynamic effects. As endothelial 

dysfunction predicts cardiovascular morbidity, use of oral snuff should be discouraged. 

 
Prednisolone and atherosclerosis  
 
We report that low-dose prednisolone treatment in patients with rheumatoid arthritis did not 

influence atherosclerosis, determined as IMT, IMa, and presence of atherosclerotic plaques in 

carotid arteries, or endothelial function determined as FMD in the brachial artery. The role of  

prednisolone in development of atherosclerosis in patients with autoimmune disorders has 
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 been much discussed, as prednisolone (or other types of GC) is — in addition to other side 

effects — atherogenic, due to its well-known effects on metabolic factors, for example, by 

reducing insulin sensitivity in RA [68] and by triggering diabetes [69]. The beneficial short-

term effect of GC in the treatment of RA has been known for a long time, but it is only 

recently that low doses of prednisolone for 2 years have been found to have a positive effect 

on outcome in RA [70]. It is therefore even more important to determine the effects of 

prednisolone on atherosclerosis in order to prevent negative side effects. Since atherosclerosis 

is an inflammatory disease and the main cause of CVD, it could be hypothesized that 

prednisolone may ameliorate disease development by inhibiting inflammation in the artery 

wall. This possibility is supported by experimental studies in atherosclerosis-prone rabbit 

models, where cortisone acetate decreased the progression of atherosclerosis by 60%, but also 

raised cholesterol levels [71]. Dexamethasone had a similar effect in another rabbit model, by 

decreasing atherosclerosis in parallel with induction of hyperlipidemia [72]. On the other 

hand, when high-dose GC was used in another rabbit model, atherogenesis was increased in 

the treatment group [73]. It is plausible to assume that the different effects of GC on risk 

factors such as hyperlipidemia, diabetes, and hypertension on the one hand and the 

antiinflammatory effects on the other have opposite effects on atherogenesis, and the final 

outcome may depend on which of these effects dominates. The dose of prednisolone may 

therefore be a crucial factor that determines the outcome of treatment in atherosclerosis and 

CVD. We recently reported a weak but significant association between total prednisolone 

dose and CVD in patients with SLE in a nested case-control study to investigate risk factors 

and underlying mechanisms of the very high risk of CVD in SLE [74]. However, 

prednisolone is given to patients with active disease and signs of systemic inflammation and 

an association between prednisolone dose and CVD may also reflect the role of inflammation 

for development of CVD. Doses in patients with active SLE are typically higher than those 

used in our present study. Furthermore, the SLE study was not prospective [74]. To our 

knowledge the role of prednisolone in atherosclerosis and CVD in rheumatic diseases has not 

been studied in randomized prospective studies before.  

The evidence from other diseases is also very scarce. However, one study indicates that low-

dose inhaled steroids in patients with asthma is associated with a decreased risk of myocardial 

infarction [75]. In Cushing’s disease, where cortisone levels are high, the risk of CVD is 

elevated, and this increased risk also persists when the underlying disease is cured [76].  

Available evidence is therefore compatible with the possibility that the effects of GC on  
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atherosclerosis and CVD may depend on dose, and that lower doses as in our study are at least 

not atherogenic. It is still possible that the treatment with prednisolone for 2 or at least 4 years 

was not enough to elicit increased atherosclerosis that would have developed at a later stage. 

This possibility is not supported by our findings, as flow-mediated dilatation of the brachial 

artery, an early sign of endothelial dysfunction, was not different between those who received 

prednisolone and those who did not. Endothelial dysfunction precedes development of 

atherosclerosis and has been reported by several investigators to be a sign of early changes 

that may later lead to increased atherosclerosis and CVD [77]. Endothelial dysfunction is an 

early measurement of arterial changes, and is more prevalent in patients with RA compared to 

controls [78]. Our data indicate that low-dose prednisolone does not promote a further 

increase in endothelial dysfunction. Mechanisms other than the metabolic and anti-

inflammatory properties of GC may influence atherosclerosis and risk for CVD, since GC has 

proapoptotic, antiproliferative, and antifibrotic effects. These could theoretically inhibit 

plaque growth, but on the other hand could also destabilize plaque, leading to plaque rupture 

and ensuing myocardial infarction or stroke. Further, functional resistance to GC may 

contribute to excessive wound repair in atherosclerosis and restenosis [79].  

We observed that current low-dose prednisolone, in the subgroup that was treated for at least 

4 years, was associated with higher systolic blood pressure, a reported risk factor for 

atherosclerosis in patients with RA [80]. This finding indicates that close monitoring of blood 

pressure is important during low-dose prednisolone treatment. This potentially atherogenic 

effect of prednisolone could be counterbalanced by treatment with antihypertensive drugs. 

Prednisolone was also associated with higher total cholesterol levels in the smaller group 

treated for at least 4 years. This may indicate that monitoring of lipids is important during 

low-dose prednisolone treatment.  

The exact role of atherosclerosis as determined by IMT and IMa in RA-related CVD is not 

clear. Most studies report greater IMT or at least increased prevalence of atherosclerotic 

plaques in RA patients compared to controls; but negative findings have also been reported 

[81-87]. It may be that despite the fact that ultrasound does not always allow discrimination 

between lesions in RA patients and controls — there may still be important differences in the 

local inflammatory process leading to plaque rupture [88].  

Our findings indicate that low-dose prednisolone does not appear to have an adverse effect on 

atherosclerosis and endothelial function, at low concentrations (7.5 mg). However, 

prednisolone still may have an adverse effect on systolic blood pressure and cholesterol level  
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in the group treated for at least 4 years. Larger, prospective studies are needed to investigate 

whether low-dose prednisolone influences clinical events like myocardial infarction and 

stroke.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 37



Conclusions: 
 
• Intake of oral moist snuff significantly impaired endothelial function, measured as FMD 

of the brachial artery, in long-term snuffers. As endothelial dysfunction predicts 

cardiovascular morbidity, use of oral snuff should be discouraged.  

 

• Morphological parameters of the carotid arteries and the thoracic aorta were related to 

severity and extent of coronary artery stenosis in patients with severe CAD. B-mode 

ultrasonography of the carotid arteries and transesophageal echocardiography of the aorta 

therefore have a potential for diagnostic evaluation of patients with suspected CAD. 

 

• Morphological but not functional parameters of the brachial artery were associated with 

the extent of coronary artery stenosis and atherosclerotic wall changes in the carotid 

arteries in patients with severe CAD. These findings indicate a potential of B-mode 

ultrasonography of morphological parameters in the brachial artery in the diagnostic 

evaluation of patients with suspected CAD. 

 

• Low-dose prednisolone did not influence endothelial function or subclinical 

atherosclerosis in patients with RA. The study verifies the relation between risk factors for 

atherosclerosis and carotid IMT and IMa. 
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