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Table 1.1

Figure 

1.1

Figure 1.1

Cardiovascular diseases 
• Ischemic heart disease 
• Cerebrovascular disease 
• Diseases of the aorta and arteries  

(including hypertension and 
peripheral vascular disease)  

• Rheumatic heart disease 
• Congenital heart disease 
• Cardiomyopathies 
• Cardiac arrhythmias 

Table 1.1 Definition of cardiovascular diseases  

Worldwide distribution of major causes of death 
Injuries 9% 

Communicable diseases* 27% 

All-cause CVD 31% 

Other non-communicable diseases 33% 

Figure 1.1 All-cause CVD is the leading cause of death worldwide. *Communicable, 
maternal, perinatal and nutritional conditions. Modified from WHO. 



Figure 1.2

Figure 1.3

Figure 1.3

Worldwide distribution of cardiovascular deaths 
Ischemic heart disease 42% 

Cerebrovascular disease 36% 

Other CVDs 13% 

Hypertensive heart disease 6% 

Inflammatory heart disease 2% 

Rheumatic heart disease 1% 

Figure 1.2 Deaths due to myocardial infarction, stroke and other types of cardiovascular 
diseases worldwide. Modified from WHO



“Causes of the causes” 
• Social and economical situation 
• Globalization 
• Urbanization 
• Aging population 

Behavioral risk factors 
• Smoking 
• Unhealthy diet 
• Physical inactivity 

Lifestyle related disease 
• Diabetes 
• Obesity 
• Hypertension 
• Hyperlipidemia 

Figure 1.3 Risk factors for atherosclerotic CVD.
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Figure 1.4
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Figure 1.5

Dead myocardium 

Left coronary artery 

Right coronary artery 

Obstruction of blood 
flow due to plaque 
rupture and clot 
formation.  

Figure 1.5 Myocardial infarction due to plaque rupture.  





Figure 1.6



 

Figure 1.6

Figure 1.6



Figure 1.6 Inflammatory cells in the atherosclerotic plaque.  
Lipoproteins accumulate in the intima and monocytes are attracted. The monocytes develop 
into macrophages, which ingest LDL and oxidized LDL and become foam cells. T-helper cells 
interact with dendritic cells and activate macrophages. Smooth muscle cells proliferate and 
produce collagen. Neutrophil granulocytes are activated and release substances that can lead 
to formation of vulnerable plaques. The complement system is involved in the clearing of 
apoptotic cells. Inefficient removal of dying cells may lead to the formation of a necrotic core.  
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Figure 1.6

Figure 1.7



Figure 1.7 Activation of the complement cascade. Modified with permission from the publisher 
(Speidl, 2010)

Figure 1.6





Figure 

1.3



Figure 1.8

Figure 1.8

Figure 1.8 Simplified overview of mechanisms of hyperinsulinemia, hyperglycemia and 
inflammation in type 2 diabetes



Figure 1.8













Figure 3.1

Figure 3.1 The county of Nord-Trøndelag. Reprinted with permission from North Trøndelag 
County Council.   



Figure 3.2



Figure 3.2 – Study I & II, inclusion process. Modified and reprinted with permission from 
Elsevier.





Figure 3.3

Figure 3.3

 

 

 



Figure 3.3– Study III, inclusion process. MI: myocardial infarction. 

 

Study population: 
370 youngest MI 
patients (range 
29-62 years of age) 
and 370 matched 
controls 

Merging with 
registry of incident 
MIs (1995-2008) 

Baseline cohort 
(available DNA, no 
previous CVD) 

HUNT2 
57 133 

MI 
1689 

370  
Cases 

no MI  
55 444 

370  
Controls 



Table 3.1

 
 
 
 
 
 
 
 

Table 3.1 MBL haplotype groups and corresponding serum concentrations 

Table 3.2

  

 

 

 
 

MBL2 haplotype groups Concentration of functional MBL 

YA/YA YA/YA, YA/XA Normal YA/XA 
XA/XA XA/XA, YA/YO Intermediate YA/YO 
XA/YO XA/YO, YO/YO Deficient YO/YO 



 

Table 3.2 Overview of the ficolins genes. * Minor allele frequency Denmark 207

Table 3.3

 rs number Position Frequency* Rationale 
FCN1  rs10120023 -542, promoter 0.31 Common, but unknown function 

FCN2  rs17549193 +6359, exon 8, amino 
acid substitution 

0.25 Reduced binding of  
N-acetylglucosamine 

FCN2  rs7851696 +6424, exon 8, amino 
acid substitution 

0.1 Increased binding of  
N-acetylglucosamine 

FCN3 rs28357092 +1637, exon 5, frame-
shift 

0.01 Heterozygosity causes 50% 
serum reduction, homozygosity 
cases total deficiency. 



 

Table 3.4 PCR reactions, SNPs and primers

PCR reaction Gene Primer Primer sequence (5´-3´) 
PCR 1 MBL2 exon 1,  

codon 52, 54 and 57  
(D, B, C) 

Forward 
Reverse 
Sequencing 

CCTTCCCTGAGTTTTCTCAC 
AACAGCCCAACACGTACCTG 
CGTACCTGGTTCCCCCTTTTCT 

PCR 2 MBL2 promoter  
-221 (X/Y) 

Forward 
Reverse 
Sequencing 

TGGTGTGAGAAAACTCAGGGAAG 
GCACGGTCCCATTTGTTCTC 
CTGGAAGACTATAAACATGCTT 

PCR 3 FCN1 -542 Forward 
Reverse  
Sequencing 

TCCCAAATACTATTTCCATCATATC 
CTTCAATTTCTCCAGCTGTAACT 
ATCTTGCACCAGCCC 

PCR 3 FCN3 +1637 Forward 
Reverse  
Sequencing 

GAGCCAGGGCGCCACCTT 
CCCCCCTCGGTGTCCATGT 
CTACCTGAGGGCAGG 

PCR 4 FCN2 +6359, +6424 Forward 
Reverse  
Sequencing +6359 
Sequencing +6424 

TCACATTTCCTCCTGCACAGG 
TTGACACATGGCAGTTTTTGTAC 
CACAGGAGATTCCCTGA 
GATCTTAACACCGGAAATT 







Table 4.1, Figure 4.1

  Hazard Ratio 95% Confidence interval 

Study I 

Neopterin 
Tertile I 
Tertile II 
Tertile III 

 
1.0 

1.39 
2.59 

 
Reference 
0.58-3.37 
1.11-6.01 

CRP 
Tertile I 
Tertile II 
Tertile III 

 
1.0 

1.79 
2.45 

 
Reference 
0.74-4.33 
1.05-5.69 

Study II 

Lactoferrin 
Tertile I 
Tertile II 
Tertile III 

 
1.0 

2.54 
4.06 

 
Reference 
1.00-6.45 
1.72-9.60 

Myeloperoxidase 
Tertile I 
Tertile II 
Tertile III 

 
1.0 

1.25 
1.94 

 
Reference 
0.54-2.90 
0.85-4.43 

Table 4.1 Hazard ratios for the tertiles of the biomarkers in the newly diagnosed diabetes 
patients. Adjusted for age, gender hypertension, BMI, previous CVD and total cholesterol. 



Figure 4.1 Survival curves according to tertiles of the biomarkers at baseline in the diabetes 
group. Adjusted for age, gender hypertension, BMI, previous CVD and total cholesterol. 
Modified and reprinted with permission from Elsevier. 

Table 4.2

Multiadjusted models 
Study I Neopterin 1.0 

1.48 (0.61-3.62) 
2.39 (1.01-5.69) 

CRP 1.0 
1.85 (0.75-4.55) 
2.12 (0.89-5.05) 

     
Study II Lactoferrin 1.0 

2.67 (1.03-6.93) 
3.97 (1.60-9.90) 

CRP 1.0 
2.07 (0.84-5.10) 
1.88 (0.78-4.54) 

Table 4.2 Hazard ratios for the tertiles of neopterin and lactoferrin in the newly diagnosed 
diabetes patients. Adjusted for age, gender, hypertension, BMI, previous CVD, total cholesterol 
and CRP. 



 

Table 4.3

Table 4.3. Haplotype frequencies for MBL2. 

 MBL2 genotypes MBL2 haplotypes Serum concentrations 
of functional MBL 

 Cases Controls Cases Controls  
YA/YA 112 (30 %) 117 (32 %)  
YA/XA 86 (23 %) 100 (27 %) 198 (54 %) 217 (59 %) Normal 
XA/XA 18 (5 %) 12 (3 %)  
YA/YO 91 (25 %) 108 (29 %) 109 (29 %) 120 (32 %) Intermediate 
XA/YO 43(12 %) 24 (7 %)  
YO/YO 20 (5 %) 9 (2 %) 63 (17 %) 33 (9 %) Deficient 
p-value 0.025 0.005  
Alpha level by 
permutation 

 
0.028 

 
0.023 

 





 









Figure 3.2
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a b s t r a c t

Aims: Neopterin has emerged as a novel predictor of coronary events. The study aim was to compare

the predictive value of neopterin and C-reactive protein (CRP) on long-term risk for fatal ischemic heart

disease (IHD) in persons with newly diagnosed diabetes compared to persons without diabetes.

Methods and results: In 1984–1986 a large population study, HUNT 1, was conducted in Norway. During the

study, 205 patients were diagnosed with formerly unknown diabetes. A matched control group without

diabetes was selected from the HUNT 1 population. Fatal IHD was registered until 2004. Blood samples

were drawn at baseline and serum was analysed for neopterin and CRP. Cox regression analysis with

correction for age, gender, hypertension, body mass index, established cardiovascular disease and total

cholesterol was used to estimate hazard ratios (HR) for fatal IHD. In the diabetes group, neopterin and CRP

were independent predictors of fatal IHD, HR 2.59 (1.11–6.01) and 2.45 (1.05–5.69), respectively. Neither

CRP nor neopterin were significant predictors of fatal IHD in the control group.

Conclusion: In subjects with diabetes, both neopterin and CRP were independent predictors of fatal IHD,

suggesting that these two markers reflect different aspects of the pathogenesis underlying fatal coronary

events.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Diabetes mellitus type 2 is considered both a metabolic and

an inflammatory disease [1]. Individuals with impaired glucose

metabolism are at increased risk for fatal ischemic heart disease

(IHD) [2], and there is firm evidence that inflammation is cen-

tral in the pathogenesis of atherosclerosis. It has therefore been

suggested that diabetes accelerates the atherosclerotic process by

increasing inflammation [3], and hyperglycemia is associated with

increased markers of inflammation [4]. Obesity is common among

diabetes patients, and inflammatory mediators released from vis-

ceral and subcutaneous fat are both pro-inflammatory and may lead

to decreased insulin sensitivity [5]. Hyperglycemia is also associ-

ated with endothelial dysfunction [6].

∗ Corresponding author at: Department of Immunology and Transfusion

Medicine, Trondheim University Hospital, NO-7006 Trondheim, Norway.

Tel.: +47 725 73321; fax: +47 725 76426.

E-mail address: vibeke.videm@ntnu.no (V. Videm).

Several inflammatory markers have been suggested for predic-

tion of risk for future coronary events. C-reactive protein (CRP)

measured in high-sensitivity assays (hs-CRP) is most widely stud-

ied [7,8]. However, the predictive value of CRP has been disputed

and there is a search for stronger predictors among inflammatory

markers [9]. Monocytes and macrophages are central in all stages

of atherosclerosis, and neopterin is a soluble marker of monocyte

activation. Neopterin has been identified as a prognostic factor in

acute coronary syndromes [10,11], in survivors of acute myocardial

infarction [12], as well as for rapid disease progression in patients

with stable angina pectoris [13].

In previous studies assessing the predictive power of different

inflammatory markers on future IHD, the presence of diabetes most

often has been treated as a confounding factor in the statistical anal-

yses. With the increasing prevalence of subjects with diabetes and

their known risk for IHD, it could be argued that the diabetes popu-

lation should be analysed separately in order to get further insight

into differences between subjects with and without diabetes.

The aim of the present study was to evaluate baseline CRP and

neopterin as prognostic markers for fatal IHD among subjects with

diabetes during long-term follow-up.

0021-9150/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.atherosclerosis.2009.04.003
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2. Materials and methods

2.1. Study population

During 1984–1986, a large health survey (HUNT 1) was

conducted in the county of Nord-Trøndelag in Norway. The

county is fairly representative for Norway as a whole with a

stable and ethnically homogenous population, with only 3% non-

Caucasians.

The HUNT 1 study has been described in detail elsewhere [14,15].

Briefly, 76,885 individuals responded to a questionnaire, and 74,977

(88.1%) attended a clinical examination that included measure-

ments of blood pressure, pulse, height and body weight. Data on

smoking habits, exercise and level of education were recorded. In

all participants aged 40 years and older, a non-fasting glucose con-

centration in capillary whole blood was measured. If the glucose

concentration in persons without known diabetes was ≥8 mmol/L,

fasting glucose was measured within 1–5 days. An oral glucose tol-

erance test was performed in subjects with fasting blood glucose

<7 mmol/L. Persons with fasting glucose ≥7 mmol/L or a 2-h glu-

cose concentration ≥11.0 mmol/L were considered to have diabetes

[16].

Through this procedure, a total of 428 persons were diagnosed

with previously unknown diabetes. Among these patients, 103 were

excluded for various reasons. Due to geographical constraints, it

was feasible to follow 235 of these 325 patients. A control group of

205 persons without diabetes matched by age, gender and munic-

ipality was selected from the HUNT 1 population, and the 205

corresponding diabetes patients were then included (see Appendix

A for further details).

Both groups were invited to a comprehensive baseline clinical

examination including a full medical history, ECG, urine sam-

ples and measurements of serum creatinine, total cholesterol and

HDL-cholesterol. The diabetes patients attended this examination

6–22 months (mean 14) after the baseline survey and the com-

parison group attended after 12–32 (mean 22) months. A blood

sample was drawn from all participants. Frozen serum was stored

at −40 ◦C until 2005 when the samples were moved to −80 ◦C.

Before analysis in the present study the serum had been thawed

twice, once for use in analysis in 1987 [17] and once for aliquo-

tation in 2007. 5 patients with newly diagnosed diabetes and

7 control participants were excluded due to missed blood sam-

pling.

Table 1
Background characteristics.

Newly diagnosed

diabetes (n = 200)

Control group (n = 198)

Gender (male/female) 105/95 102/96

Age, years 67 (65–68) 67 (65–68)

BMI, kg/m2 29.7 (29.0–30.3) 26.2 (25.7–26.7)

Waist-hip ratio 0.92 (0.90–0.93) 0.88 (0.87–0.89)

Random glucose, mmol/L 10.6 (10.0–11.1) 5.2 (5.1–5.4)

Fasting glucose, mmol/L 6.8 (6.5–7.0) 5.0 (4.8–5.1)

Total cholesterol, mmol/L 6.7 (6.5–6.8) 7.3 (7.1–7.5)

HDL-cholesterol, mmol/L 1.24 (1.20–1.29) 1.46 (1.41–1.51)

Total cholesterol–HDL-cholesterol

ratio

5.6 (5.4–5.8) 5.2 (5.0–5.5)

Creatinine, �mol/L 86.4 (83.2–89.5) 86.2 (84.4–88.0)

Hypertensiona, number (%) 135 (68%) 98 (49%)

Smoking, number (%) 42 (23%) 35 (21%)

Previous CVDb, number (%) 44 (22%) 27 (14%)

Continuous variables are given as mean and 95% CI.
a Hypertension was defined as blood pressure > 140/90 or the use of anti-

hypertensive medication.
b CVD = Cardiovascular disease was defined as prior myocardial infarction, angina

pectoris or stroke.

2.2. Study variables

Hypertension was defined as blood pressure ≥140/90 mmHg

or as current use of antihypertensive medication. Previous car-

diovascular disease (CVD) was defined as having had myocardial

infarction, angina pectoris or stroke (self-reported). Body mass

index (BMI) was calculated as weight (kg) divided by the squared

value of height (m). The ratio of waist to hip circumference was

determined. Based on self-reporting, the participants were classi-

fied as smokers or non-smokers.

Neopterin was analysed in serum as indicated by the manu-

facturer, using an enzyme-linked immunosorbent assay (Brahms,

Hennigsdorf, Germany). For high-sensitivity detection of CRP,

microtiter plates were coated with rabbit anti-human CRP anti-

body (Sigma, St. Louis, MO, USA). Diluted samples or standards

(CRP from human plasma, Sigma) were added. Goat anti-human

CRP (Sigma) was used as secondary antibody, and peroxidase-

conjugated rabbit anti-goat antibody (Dako Cytomation, Glostrup,

Denmark) was employed in the subsequent step. The substrate was

o-phenylenediamine 0.15 mg/mL with 0.015% H2O2. The reaction

was stopped with 2 M H2SO4, and the optical density was mea-

sured at 492 nm (Sunrise microplate reader, Tecan, Männedorf,

Switzerland). The assay was calibrated against a commercial assay

(Immunlite 2000 High Sensitivity, Diagnostic Products, Los Angeles,

California, USA).

2.3. Follow-up

Information on causes of death was obtained by linking data

from our study to the Cause of Death Registry at Statistics Norway,

which receives all death certificates of Norwegian citizens. Deaths

were classified according to the International Classification of Dis-

ease (ICD-9 and ICD-10). Death from IHD was defined by ICD-9:

410–414 and ICD-10: I20-25. We calculated the individual person

time at risk from the date of the comprehensive baseline clinical

examination until the date of death from IHD, death from other

causes or until the end of follow-up on December 31, 2004. The

study protocol conformed to the Helsinki declaration, and the study

was approved by The Data Inspectorate and recommended by the

Regional Committee for Medical Research Ethics.

2.4. Statistical analysis

Baseline characteristics are displayed by proportions or means

with 95% confidence intervals (CI), stratified according to diabetes

status. Spearman’s rank correlation coefficient was used to evaluate

the correlation between neopterin and CRP concentrations. Due to

non-normal distribution, the data were analysed with Mann Whit-

ney U-test. The Chi-square test was used to compare categorical

variables.

Incidences of IHD mortality were plotted in Kaplan–Meier plots.

Cox regression analysis was used to estimate hazard ratios (HR) and

95% CI of death from IHD according to the baseline concentrations

of the biomarkers. Neopterin and CRP concentrations were divided

into tertiles (neopterin <7.9, 7.9–10.5, >10.5 nmol/L, CRP < 1.09,

1.09–2.86, >2.86 mg/L). Departures from the proportional hazards

assumption was evaluated using graphical procedures (log–log

plots).

All statistical tests were two-sided and p-values below 0.05 were

considered statistically significant. Data were analysed with SPSS

for Windows (version 15.0 SPSS Inc., Chicago, IL, USA).

3. Results

Background characteristics are shown in Table 1. Subjects with

newly diagnosed diabetes had a higher BMI, were more often
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Table 2
Concentrations of neopterin and CRP (means and 95% CI), stratified according to previous CVD and diabetes status.

Diabetes Biomarker Previous CVD No previous CVD p-value

n Mean (95% CI) n Mean (95% CI)

Yes Neopterin (nmol/L) 44 13.2 (11.1–15.3) 156 9.6 (9.0–10.3) 0.001

CRP (mg/L) 3.56 (2.49–4.63) 2.98 (2.33–3.62) 0.094

No Neopterin (nmol/L) 27 10.0 (8.9–11.2) 171 9.7 (9.1–10.3) 0.29

CRP (mg/L) 1.81 (1.36–2.26) 1.95 (1.69–2.22) 0.71

n = number in each group.

Fig. 1. The correlation of neopterin and CRP concentrations in patients with newly

diagnosed diabetes. Panel A: All samples. Panel B: Samples from patients with

CRP < 10 mg/L only.

hypertensive, and more often had established cardiovascular dis-

ease than the control group. Concentrations both of total and

HDL-cholesterol were lower in the diabetes group, resulting in a

higher total cholesterol/HDL-cholesterol ratio. Mean individual per-

son time at risk was 12.6 years (range: 0.1–19.7). During follow-up,

44 participants with and 28 participants without diabetes died

of IHD. Among the participants who died of IHD, 16 with and 8

without diabetes had established cardiovascular disease at baseline

(p = 0.49).

At baseline, neopterin was not higher in the diabetes

group (10.4 (9.7–11.1) mmol/L) compared to the control group

(9.8 (9.2–10.3) mmol/L, p = 0.65), as opposed to CRP (3.11

(2.55–3.66) mg/L in the diabetes group and 1.93 (1.70–2.17) mg/L in

the control group, p < 0.0005). In the group with newly diagnosed

diabetes, baseline concentrations of neopterin were significantly

higher in the participants with established cardiovascular disease

(p = 0.001, Table 2). A similar non-significant trend was seen for

CRP (p = 0.094). In the comparison group, there were no differ-

ences in neopterin or CRP concentrations between subjects with or

without established cardiovascular disease at baseline. Neopterin

and CRP concentrations were significantly correlated (p < 0.001),

but with a moderate correlation coefficient (diabetes group;

Spearman’s rho = 0.234, control group; Spearman’s rho = 0.353),

Fig. 1.

In univariate Cox regression analyses age (continuous) and pre-

vious CVD (yes, no) were significant predictors in both groups

(p < 0.0005). In the diabetes group, neopterin (p < 0.0005), gender

(p = 0.047), diastolic blood pressure (continuous, p = 0.01) and crea-

tinine (continuous, p < 0.0005) were also associated with fatal IHD.

In the control group BMI (continuous, p = 0.008) and systolic blood

pressure (continuous, p = 0.005) were associated with fatal IHD. The

multivariate analyses were adjusted for age, gender, hypertension

(yes, no), BMI, previous CVD and total cholesterol (continuous). Cre-

Table 3
Hazard ratio for the tertiles for neopterin and CRP in serum from participants with newly diagnosed diabetes and their control group.

No. of person years No. of deaths Death rate per

1000 person years

Hazard ratioa Confidence

interval

Hazard ratiob Confidence

interval

Newly diagnosed diabetes

Neopterinc

Tertile I 942.1 10 10.6 1.0 (Reference) 1.0 (Reference)

Tertile II 847.5 12 14.2 1.39 (0.58–3.37) 1.48 (0.61–3.62)

Tertile III 613.9 22 35.8 2.59 (1.11–6.01) 2.39 (1.01–5.69)

CRPd

Tertile I 794.7 8 10.1 1.0 (Reference) 1.0 (Reference)

Tertile II 740.6 14 18.9 1.79 (0.74–4.33) 1.85 (0.75–4.55)

Tertile III 868.2 22 25.3 2.45 (1.05–5.69) 2.12 (0.89–5.05)

Control group

Neopterinc

Tertile I 959.3 11 11.5 1.0 (Reference) 1.0 (Reference)

Tertile II 927.3 5 5.4 0.43 (0.15–1.26) 0.43 (0.14–1.28)

Tertile III 700.6 12 17.1 1.24 (0.51–2.98) 1.19 (0.49–2.89)

CRPd

Tertile I 1105.5 8 7.2 1.0 (Reference) 1.0 (Reference)

Tertile II 867.4 10 11.5 1.14 (0.43–3.03) 1.28 (0.48–3.37)

Tertile III 628.8 10 15.9 1.66 (0.59–4.65) 1.45 (0.52–4.09)

a Adjusted for: age, gender, hypertension, BMI, previous cardiovascular disease and total cholesterol.
b Adjusted for: age, gender, hypertension, BMI, previous cardiovascular disease, total cholesterol and opposite biomarker.
c Neopterin: Tertile I: <7.9 nmol/L, Tertile II: 7.9–10.5 nmol/L, Tertile III: >10.5 nmol/L.
d CRP: Tertile I: <1.09 mg/L, Tertile II: 1.09–2.86 mg/L, Tertile III: > 2.86 mg/L.



242 I.T. Vengen et al. / Atherosclerosis 207 (2009) 239–244

Fig. 2. Neopterin, CRP and death from IHD in patients with newly diagnosed

diabetes. Survival curves according to tertile of neopterin (panel A) or CRP

(panel B) concentration at baseline. Neopterin: Tertile I: <7.9 nmol/L, Tertile II:

7.9–10.5 nmol/L, Tertile III: >10.5 nmol/L. CRP: Tertile I: <1.09 mg/L, Tertile II:

1.09–2.86 mg/L, Tertile III: >2.86 mg/L. The highest tertile of both markers were sig-

nificant predictors of fatal IHD; neopterin HR 2.59 (1.11–6.01), p = 0.027 and CRP 2.45

(1.05–5.69), p = 0.038. The model was adjusted for age, gender, hypertension, body

mass index, previous CVD and total cholesterol.

atinine was not included, because it gives only a crude estimate of

renal function and the association seen in univariate analysis was

lost in multivariate analyses (p = 0.2). Some data regarding smoking

were missing, but in participants with information on smoking it

was not a significant predictor in Cox regression and did not affect

the predictive value of the biomarkers.

In Cox regression analysis including either neopterin or CRP, the

highest tertile of both markers were significant predictors of fatal

IHD in the subjects with diabetes, HR 2.59 (1.11–6.01) and 2.45

(1.05–5.69), respectively (Table 3). There was a change in hazard

ratios when the opposite biomarker was included in the analysis;

CRP was no longer a significant predictor, CRP (HR 2.12 (0.89–5.05))

whereas neopterin was (HR 2.39 (1.01–5.69)). In the participants

without diabetes, none of the biomarkers could predict fatal IHD

(Table 3). The survival curves from the Cox regression model for

each biomarker in subjects with newly diagnosed diabetes are illus-

trated in Fig. 2.

4. Discussion

We investigated the predictive value of neopterin and CRP on

fatal IHD in 200 patients with newly diagnosed diabetes and a group

of 198 matched individuals without diabetes, followed for nearly 20

years. In the group with newly diagnosed diabetes, both neopterin

and CRP were predictors of fatal IHD, suggesting that these two

markers reflect different aspects of the pathogenesis underlying

fatal coronary events. None of the biomarkers could predict fatal

IHD in the group without diabetes, possibly due to the limited num-

bers and small overall risk among the controls. However, this could

also reflect that the predictive value of these inflammatory mark-

ers for fatal IHD may be stronger in persons with than in persons

without diabetes.

Neopterin is released from activated monocytes and

macrophages that are involved in the generation of atheromatous

plaques from the earliest stages. Interferon-gamma (IFN-�) from

CD4+ T-cells is considered the most important stimulus activating

macrophages to synthesize neopterin [18,19]. Neopterin is related

to the presence of significant coronary stenosis in stable angina

[20], but previous research indicates that neopterin is a marker

of plaque activity more than the extent of atherosclerosis [21,22].

Furthermore, by increasing the risk for acute coronary syndromes,

plaque activity may be more important for IHD mortality than

the extent of atherosclerosis, thus rendering neopterin a strong

predictor.

Patients with unstable angina have an increased number of

oligoclonal CD4+ T-cells that lack CD28, an important receptor for

costimulation upon activation [23]. Such T-cells are active pro-

ducers of IFN-� and may thereby stimulate plaque macrophages

to increased neopterin release. In turn, neopterin enhances the

inflammatory processes in vulnerable plaques. It promotes cellu-

lar adhesion molecule and tissue factor expression on endothelial

cells, making them pro-atherotrombotic [24].

CRP is produced in hepatocytes, largely as a consequence of gene

activation by interleukin-6 (IL-6) [25]. IL-6 is released by many

cell types as part of the acute-phase reaction [25], with approxi-

mately one third of circulating IL-6 coming from adipose tissue [7].

In contrast to neopterin, CRP is therefore probably a broad marker of

inflammation. This does not exclude the possibility that CRP is also

directly involved in atheromatosis [26]. However, IL-6 concentra-

tions seem to predict critical coronary stenosis better than does CRP

[27]. It has been suggested that CRP is only a moderately strong pre-

dictor of future cardiovascular events [28]. Previous work from our

group also showed a much stronger correlation between neopterin

and coronary artery stenosis than for CRP [20].

In our present study both neopterin and CRP were significant

predictors in the multivariate Cox regression models. When cor-

rections were made for the opposite marker, respectively, the HR

remained nearly unchanged. This confirms that they represent

related, but not similar phenomena, as supported by their weak,

albeit significant correlation (Fig. 1). Our findings are in keeping

with previous studies in other patient groups. A study comparing

neopterin and CRP in patients with lower respiratory tract infec-

tions clearly demonstrated that the markers behave differently

when responding both to viral and bacterial infections [29]. Fur-

thermore, neopterin, but not CRP, was a predictor of future cardiac

events in patients with chronic stable angina [30], in hyperten-

sive patients without obstructive coronary artery disease [31], and

during follow-up after acute coronary syndromes [32].

Both biomarkers behaved differently in the participants with

newly diagnosed diabetes and the control group. Baseline CRP con-

centrations were significantly higher in the patients with diabetes.

Hyperglycemia is a strong proinflammatory stimulus [4] that also

leads to increased IL-6 production [33]. Furthermore, the increased

BMI and more abdominal fat in the participants with diabetes could
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also contribute to the increased baseline CRP concentrations.In the

subjects with newly diagnosed diabetes, the baseline CRP concen-

trations were unrelated to the presence or absence of CVD. Since

only overt conditions (myocardial infarction, angina pectoris or

stroke) were considered, undiagnosed presence of low-grade dis-

ease may have obscured the data. Alternatively, the stimuli to CRP

production related to atherosclerosis may have been much smaller

than those caused by diabetes itself. A previous study supports that

CRP is not a good predictor of the presence of atherosclerosis in

patients with diabetes [34].

Baseline concentrations of neopterin did not differ in subjects

with and without newly diagnosed diabetes. In the participants

with diabetes, however, neopterin was significantly higher in sub-

jects with previous CVD. An earlier study on critical limb ischemia

showed that patients with diabetes had higher concentrations of

neopterin than patients without diabetes [35]. These findings may

indicate higher atherosclerotic plaque activity in subjects with

diabetes, which may in part explain their higher mortality of car-

diovascular disease [2].

5. Study limitations

The study population was small and therefore not large enough

for stratification by gender, age or whether diabetes was well or

poorly regulated. The study also carries a risk of false negative con-

clusions. Nevertheless, our results suggest that the predictive value

of the inflammatory markers studied differ between subjects with

and without diabetes.

Use of statins is associated with lower concentration of inflam-

matory markers [10]. The use of statins was, however, uncommon in

Norway during the inclusion period. The diabetes patients and the

controls at risk for IHD probably started using statins when these

substances were introduced on the market. This would not affect

the baseline samples, and the benefit with respect to mortality

would rather increase the risk of false negative conclusions.

Other variables related to fatal IHD, such as the left ventricle

ejection fraction and coronary artery disease extension by angiog-

raphy, might influence our findings. However, since HUNT 1 is a

population based study, these variables were not available and our

results could not be adjusted for them.

The quality of serum stored for up to 20 years may have been

reduced. Samples from both groups were handled similarly. Since

concentrations of neopterin and CRP were compared between the

groups, changes in absolute concentrations due to storage are not

supposed to be important. The concentrations correspond to the

levels detected in fresh serum samples from similar populations

[20].

6. Conclusion

Neopterin was a robust predictor of fatal IHD in patients with

newly diagnosed diabetes in our study. Neopterin may be a more

plaque-specific marker, whereas CRP reflects non-specific low-

grade inflammation common both for atherosclerosis and diabetes.

The role of neopterin as a prognostic marker for coronary events

warrants further study with particular emphasis on the value of

this marker in subjects with diabetes.
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Appendix A

A.1. Study population

In all HUNT 1 participants aged 40 years and older, a non-fasting

glucose concentration in capillary whole blood was measured. If

the glucose concentration in persons without known diabetes was

≥8 mmol/L, fasting glucose was measured within 1–5 days. An oral

glucose tolerance test was performed in subjects with fasting blood

glucose <7 mmol/L. Persons with fasting glucose ≥7 mmol/L or a

2-h glucose concentration ≥11.0 mmol/L were considered to have

diabetes. Through this procedure, a total of 428 persons were diag-

nosed with previously unknown diabetes. Among these patients,

103 were excluded; 20 because they were older than 80 years of

age, 12 because they died, 14 due to serious illness at baseline, 2

had moved out of the county, 37 declined to participate in follow-

up, and 18 persons were not followed up for other reasons; leaving

325 patients with newly confirmed diabetes. Due to geographical

constraints, it was feasible to follow 235 of these 325 patients. From

the HUNT 1 population 235 pairs of control persons without dia-

betes, matched to the subjects with newly diagnosed diabetes by

age, gender and municipality, were invited to participate. If the first

control person declined to participate, the second one was asked,

and eventually 205 control persons agreed to participate. The 205

corresponding diabetes patients were then included.
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Objectives: The pathogenesis of diabetes and atherosclerosis is linked through inflammation. Neutrophils

contribute to atherosclerotic plaquedevelopment, and are dysfunctional in diabetes. The aimof this study

was to compare the predictive values of two neutrophil degranulation products, myeloperoxidase and

lactoferrin, on long-term risk for fatal ischemic heart disease in persons with newly diagnosed diabetes

and controls.

Design: Prospective population-based cohort study.

Setting and patients: In 1984–1986, a large population study, HUNT 1, was conducted in Norway. Previ-

ously unknown diabetes was diagnosed in 205 persons. A matched control group without diabetes was

selected from the HUNT 1.

Main outcome measures: Fatal ischemic heart disease was registered until 2004. Baseline serum was

analysed for myeloperoxidase and lactoferrin. Cox regression analysis with adjustments for age, gender,

hypertension, body mass index, established cardiovascular disease and total cholesterol was used to

estimate hazard ratios for fatal ischemic heart disease.

Results: In thediabetes group (200 subjects), the twohighest tertiles of lactoferrin predicted fatal ischemic

heart disease, hazard ratio 2.54 (95% CI, 1.00–6.45) and 4.06 (1.72–9.60).Myeloperoxidase did not predict

death from ischemic heart disease in subjects with diabetes. In the controls (198 subjects), none of the

biomarkers predicted fatal ischemic heart disease.

Conclusion: Increased baseline concentration of lactoferrin strongly predicted the long-term risk for fatal

ischemicheart disease in patientswithnewlydiagnoseddiabetes. Basedon the literature,wehypothesize

that the increased concentrations may reflect neutrophil priming caused by hyperglycemia.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The prevalence of type 2 diabetes is increasing worldwide.

Subjects with diabetes have an increased risk for micro- and

macrovascular complications, and cardiovascular disease is the

most common cause of death in individuals with diabetes [1]. Dia-

betes is considered both a metabolic and an inflammatory disease.

Inflammation also plays an important role in atherosclerosis, and

it is hypothesized that diabetes worsens the atherosclerotic plaque

activity by promoting inflammation [2]. In previous risk prediction

analyses, diabetes has most often been treated as a confounding
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Medicine, St Olavs Hospital, NO-7006 Trondheim, Norway. Tel.: +47 725 73321;

fax: +47 725 76426.

E-mail address: vibeke.videm@ntnu.no (V. Videm).

factor. As the diabetes population is increasing, it could be argued

that personswith impaired and normal glucosemetabolism should

be analysed separately to identify differences between the groups.

Multiple markers of inflammation have been suggested as

predictors of future coronary events. High sensitivity C-reactive

protein, a marker of low-grade inflammation, has been widely

studied, but its predictive value has been disputed [3]. Because

additional pro-inflammatory stimuli are present in diabetic

patients, it is possible that some inflammatorymarkerswill behave

differently in risk prediction analyses in persons with and without

diabetes.

Though the role of neutrophils in atherosclerosis remains

unclear, the neutrophil count is a marker of ongoing inflamma-

tion and has been shown to predict cardiovascular events [4].

In a recent study of postmenopausal women, neutrophil counts

predicted future cardiovascular events whereas total leukocyte

counts did not [5], supporting a specific role of neutrophils.

0021-9150/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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Myeloperoxidase, a powerful oxidative agent, is mainly located

in the primary granules of neutrophil granulocytes with smaller

amounts in monocytes/macrophages. Myeloperoxidase catalyzes

the formation of reactive oxygen species, promotes atherogenesis

and increases the uptake and lowers the removal of choles-

terol [6]. Lactoferrin is released from secondary granules of

neutrophil granulocytes upon activation. Lactoferrin is an iron-

binding glycoprotein of the transferrin family and mainly acts

anti-inflammatory. In addition to having anti-microbial proper-

ties, it inhibits up-regulation of adhesion molecules on endothelial

cells and accumulation of cholesterol in macrophages [7,8]. Thus,

it is conceivable that neutrophil degranulation may both enhance

and inhibit atherogenesis, depending on the balance between

myeloperoxidase, lactoferrin and perhaps other degranulation

products.

Patients with diabetes have an impaired neutrophil function,

with altereddegranulation. There is evidence that neutrophils from

diabetes patients are “primed”, i.e., they are more prone to becom-

ing activated upon moderate stimulation [9]. This may influence

the atherosclerotic process and could contribute to the increased

risk of cardiovascular complications in diabetes.

The aim of the present studywas to evaluate the two neutrophil

degranulation products myeloperoxidase and lactoferrin as prog-

nostic markers during long-term follow-up for fatal ischemic heart

disease among subjects with newly diagnosed diabetes, compared

to controls.

2. Materials and methods

The first North Trøndelag Health Survey (HUNT 1) was con-

ducted in 1984–1986. The county is fairly representative for

Norway as a whole with a stable and ethnically homogenous pop-

ulation, with only 3% non-Caucasians.

The HUNT 1 study has been described in detail elsewhere

[10,11]. Briefly, all inhabitants aged 20 years or older (85100)

were invited to participate, and 74977 (88.1%) attended a clinical

examination that also included measurements of blood pressure,

height andbodyweight.Dataon smokinghabits andother variables

(socio-economic data and self-evaluation of present health) were

recorded.Non-fasting capillarywhole blood glucosewasmeasured

in all participants aged 40 years and older. If the glucose con-

centration in persons without known diabetes was ≥8.0mmol/L,
the participants were invited back for an oral glucose tolerance

test within 1–5 days. An oral glucose load was given if fasting

blood glucose was below 7.0mmol/L. Persons with fasting glu-

cose≥7mmol/L or a2-hglucose concentration≥11.0mmol/Lwere
considered to have diabetes, according to WHO 1980 criteria. Of

the 2341 subjects whowere invited back to further glucose testing,

2315 (99%) met for the follow-up examination.

Through this procedure, a total of 428 persons (18% of the par-

ticipants with non-fasting glucose≥8.0mmol/L) were diagnosed
with diabetes (Fig. 1). Among these patients, 103 were excluded

(20 were older than 80 years, 12 had died, 14 had other serious

illnesses, 2 had moved, 37 declined to participate, and 18 were

excluded for other reasons); leaving 325 patients with newly diag-

nosed diabetes. Due to geographical constraints, it was feasible to

follow 235 of these 325 patients. From the HUNT 1 population 235

pairs of control persons without diabetes, matched to the persons

with newly diagnosed diabetes by age, gender and municipality,

were invited to participate. If the first control person declined, the

second one was asked, and eventually 205 control persons agreed

to participate. The 205 corresponding diabetes patients were then

included. Both groups were invited to a comprehensive baseline

clinical examination including a full medical history and all partic-

ipants had a non-fasting blood sample drawn. Serum was frozen

and stored for future analysis. In our study, 5 patients with newly

diagnoseddiabetes and7 control participantswere excludeddue to

missing blood samples. The diabetes patients attended this exami-

nation 6–22 months (mean 14) after the HUNT 1 survey and the

comparison group attended after 12–32 (mean 22) months. We

have previously reported the predictive value of neopterin and

C-reactive protein in this cohort [12].

Hypertensionwas defined as blood pressure≥140/90mmHgor

as current use of anti-hypertensive medication. Body mass index

was calculatedasweight (kg) dividedby the squaredvalueof height

(m). Previous cardiovascular disease was defined by self-report as

having had myocardial infarction, angina pectoris or stroke. The

participants were classified as smokers or non-smokers.

Detection of myeloperoxidase and lactoferrin in the stored

serumwasdonebyenzyme immunoassays, aspreviouslydescribed

[13,14]. Since previously published concentrations from our labo-

ratory using the same methods have been performed in plasma,

the data are not directly comparable. However, pilot experiments

showed that parallel measurements in serum and plasma were

very strongly correlated (lactoferrin: Pearson’s R=0.82, p<0.0005,

myeloperoxidase: R=0.90, p<0.0005, unpublished data).

Information on causes of death was obtained by linking data

from our study to the Cause of Death Registry at Statistics Nor-

way, which receives all death certificates of Norwegian citizens.

Deaths were classified according to the International Classification

of Disease (ICD-9 and ICD-10). Death from ischemic heart disease

was defined by ICD-9: 410-414 and ICD-10: I20-25. We calculated

the individual person time at risk from the date of the compre-

hensive baseline clinical examination until the date of death from

ischemic heart disease, death from other causes or until the end of

follow-up on December 31, 2004. The study protocol conformed

to the Helsinki declaration and the study was approved by The

Data Inspectorate and recommended by the Regional Committee

for Medical Research Ethics.

2.1. Statistical analysis

Baseline characteristics are displayed by proportions or means

with 95% confidence intervals (CI), stratified according to diabetes

status. Due to non-normal distribution of data, continuous data

were compared by the Mann–Whitney U-test. The Chi square test

was used when comparing categorical variables.

Incidences of ischemic heart disease mortality were plotted

in Kaplan–Meyer plots. Cox regression analysis was used to esti-

mate hazard ratios and 95% CI of death from ischemic heart

disease according to the baseline concentrations of the biomarkers.

Variables in the Cox regression analysis were considered signif-

icant when the 95% CI for the hazard ratio did not overlap 1.

Myeloperoxidase and lactoferrin concentrations were divided into

tertiles (myeloperoxidase <569, 569–951 and >951�g/L, lactofer-
rin <205, 205–428 and >428�g/L). In a supplementary analysis,

the cut-off concentrations for the tertiles were determined sepa-

rately for the subjects with diabetes and the controls, respectively.

These group-specific tertileswere <592, 592–991 and>991�g/L for
myeloperoxidase and <220, 220–462 and >462�g/L for lactoferrin
in the subjects with diabetes, and <520, 520–892 and >892�g/L for
myeloperoxidase and <190, 190–391 and >391�g/L for lactoferrin
in the control group.

Departures from the proportional hazards assumption were

evaluated using graphical procedures (log–log plots). All statistical

tests were two-sided and all estimates are reported irrespective of

their statistical significance level. p-Values below 0.05 were con-

sidered statistically significant. Data were analysed with SPSS for

Windows (version 15.0 SPSS Inc., Chicago, IL, USA).

Further validation of theCox regression analyseswasperformed

using the Design package (version 2.3-0 [15]) in the R statistical
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Fig. 1. Inclusion of patients to the study.

environment (version 2.6.1 [16]). The coefficients from the original

models were bootstrapped (400 runs) to get robust estimates for

calculation of HR and 95% CI. Themodel including lactoferrin in the

subjects with diabetes was internally validated using bootstrap-

ping (400 runs) to achieve a corrected value of Somer’s Dxy rank

correlation coefficient betweenpredicted loghazards andobserved

survival time. Dxy provides an estimate of howwell themodel will

discriminate survival in the future. Dxy varies from−1 to +1,where
0 means no correlation and an absolute value of 1 means total cor-

relation. Values with an absolute value above 0.3 are considered to

denote a strong relationship. The correctedDxy penalizes for possi-

ble overfitting and is therefore more realistic than the uncorrected

coefficient. Since logistic regression modelling was aimed at iden-

tifying a potential relationship between lactoferrin concentrations

and ischemic heart disease and not to generate an algorithm for

clinical risk stratification, prediction accuracy was not calibrated.

3. Results

Subjectswith newly diagnosed diabetes had a higher bodymass

index (p<0.0005), were more often hypertensive (p<0.0005), and

more often had established cardiovascular disease (p<0.05) than

the control group (Table 1). Concentrations of both total and HDL-

cholesterol (p<0.0005) were lower in the diabetes group, but with

a higher total cholesterol/HDL-cholesterol ratio (p<0.01). Fasting

and non-fasting blood glucose concentrations (p<0.0005) were

higher in the group with newly diagnosed diabetes compared to

the control group. Triglycerideswere onlymeasured in the subjects

with newly diagnosed diabetes.

Mean individual person time at risk was 12.6 years (range:

0.1–19.7). During follow-up, 44 participants with and 28 partici-

pants without diabetes died of ischemic heart disease. Among the

participants who died of ischemic heart disease, 16 with and 8

without diabetes hadestablished cardiovascular disease at baseline

(p=0.49).

There were no differences in baseline lactoferrin (p=0.14) and

myeloperoxidase (p=0.83) concentrations between the subjects

with newly diagnosed diabetes and the controls (Table 1).

In univariate Cox regression analyses age (continuous) and pre-

vious cardiovascular disease (yes, no) were significant predictors

in both groups (p<0.0005), as previously reported [12]. In the

diabetes group, lactoferrin (p=0.003), myeloperoxidase (p=0.01),

creatinine (continuous, p<0.0005), diastolic blood pressure (con-

tinuous, p=0.01) and gender (p=0.047) were also associated with

fatal ischemic heart disease. In the control group, systolic blood

pressure (continuous, p=0.005) and body mass index (continuous,
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Table 1
Background characteristics.a.

Newly diagnosed diabetes (n=200) Control group (n=198) p-Value

Gender (male/female) 105/95 102/96 0.92

Age, years 67 (65–68) 67 (65–68) 0.95

Body mass index, kg/m2 29.7 (29.0–30.3) 26.2 (25.7–26.7) <0.0005
Fasting glucose, mmol/L 6.8 (6.5–7.0) 5.0 (4.8–5.1) <0.0005
Non-fasting glucose, mmol/L 10.6 (10.0–11.1) 5.2 (5.1–5.4) <0.0005
Total cholesterol, mmol/L 6.7 (6.5–6.8) 7.3 (7.1–7.5) <0.0005
HDL-cholesterol, mmol/L 1.24 (1.20–1.29) 1.46 (1.41–1.51) <0.0005
Total cholesterol–HDL-cholesterol ratio 5.6 (5.4–5.8) 5.2 (5.0–5.5) 0.006
Fasting triglycerides, mmol/L 2.89 (2.56–3.21) Not measured –

Hypertensionb, number 135 (68%) 98 (49%) <0.0005
Current smokersc, number 42 (23%) 35 (21%) 0.56

Previous cardiovascular diseased, number 44 (22%) 27 (14%) 0.029
Lactoferrin, �g/L 473 (405–542) 426 (355–497) 0.14

Myeloperoxidase, �g/L 960 (856–1064) 823 (747–898) 0.83

a From Ref. [12], Copyright 2009, with permission from Elsevier.
b Hypertension was defined as blood pressure≥140/90 or the use of anti-hypertensive medication.
c Data available in 179 persons in the diabetes group and 168 persons in the control group.
d Cardiovascular disease was defined as prior myocardial infarction, angina pectoris or stroke.

p=0.008) were associated with fatal ischemic heart disease. HDL-

cholesterolwas not significant in either group (p=0.41 and p=0.38,

respectively), norwere triglycerides in thediabetesgroup (p=0.11).

Themultivariate analyses were adjusted for age, gender, hyperten-

sion (yes, no), body mass index, previous cardiovascular disease

and total cholesterol (continuous). Creatinine was not included,

because it givesonlya crudeestimateof renal functionand theasso-

ciation seen in univariate analysis was lost inmultivariate analyses

(p=0.24). Data regarding smokingweremissing in a few of the par-

ticipants, but in those with a complete dataset on smoking it was

not a significant predictor in Cox regression and did not affect the

predictive value of the biomarkers.

Cox regression analysis in the patients with diabetes showed

that subjects in the two highest tertiles of lactoferrin were at sig-

nificantly higher risk for fatal ischemic heart disease, compared to

subjects in the lowest tertile, hazard ratio 2.54 (1.00–6.45) and 4.06

(1.72–9.60) (Table 2). Survival curves are shown in Fig. 2.Myeloper-

oxidase concentrations did not predict fatal ischemic heart disease.

When includingmyeloperoxidase and lactoferrin in the same anal-

ysis, there were only small changes in hazard ratios for lactoferrin:

hazard ratio 2.85 (1.06–7.66) and 5.12 (1.72–15.28). In the partici-

pants without diabetes, none of the biomarkers could predict fatal

ischemic heart disease (Table 2). The changes inHR after bootstrap-

pingwere small and the significanceof thevariableswasnot altered

(Table 2). Somer’s Dxy for the model including lactoferrin in the

patients with diabetes was−0.55 before correction and−0.47 after
correction by bootstrapping.

In the supplementary analysis using group-specific tertiles for

lactoferrin and myeloperoxidase, the diabetic subjects in the high-

est tertile of lactoferrin (hazard ratio 3.41 (1.54–7.57)) aswell as the

highest tertile for myeloperoxidase (hazard ratio 2.60 (1.11–5.75))

were at significantly higher risk for fatal ischemic heart disease

than the subjects in the lowest tertile. When both markers were

included simultaneously, the highest tertile of lactoferrin remained

Table 2
Hazard ratios for tertiles of lactoferrin and myeloperoxidase in serum from participants with newly diagnosed diabetes and their control group.

No. of person years No. of deaths Death rate per 1000 person years Hazard ratioa Confidence interval

Newly diagnosed diabetes

Lactoferrinb

Tertile I 753.1 8 10.6 1.0 (Reference)

Tertile II 865.6 13 15.0 2.54 (1.00–6.45)

2.64 (1.45–4.79)

Tertile III 784.8 23 29.3 4.06 (1.72–9.60)

4.40 (2.55–7.59)

Myeloperoxidaseb

Tertile I 739.7 9 12.2 1.0 (Reference)

Tertile II 879.6 15 17.1 1.25 (0.54–2.90)

1.31 (0.53–3.24)

Tertile III 784.2 20 25.5 1.94 (0.85–4.43)

2.03 (0.87–4.72)

Control group

Lactoferrinb

Tertile I 955.6 12 12.6 1.0 (Reference)

Tertile II 864.1 9 10.4 0.79 (0.33–1.94)

0.82 (0.48–1.42)

Tertile III 782.0 7 9.0 0.65 (0.25–1.70)

0.66 (0.42–1.02)

Myeloperoxidaseb

Tertile I 946.9 10 10.6 1.0 (Reference)

Tertile II 863.1 10 11.6 1.58 (0.63–3.97)

1.78 (0.95–3.33)

Tertile III 791.7 8 10.1 1.39 (0.51–3.76)

1.47 (0.62–3.49)

a Adjusted for age, gender, hypertension, body mass index, previous cardiovascular disease and total cholesterol. Bootstrapped estimates are given in italics.
b The tertiles for lactoferrin were <205, 205–428 and >428�g/L, and the tertiles myeloperoxidase were <569, 569–951 and >951�g/L.
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Fig. 2. Lactoferrin and death from ischemic heart disease in patients with newly

diagnosed diabetes. Survival curves according to tertile of lactoferrin concentration

at baseline. Themodelwas adjusted for age, gender, hypertension, bodymass index,

previous cardiovascular disease and total cholesterol.

significant (hazard ratio 3.15 (1.10–9.01), whereas the highest ter-

tile of myeloperoxidase did not (hazard ratio (1.17 (0.41–3.39)). In

the participants without diabetes, both markers remained unable

to predict fatal ischemic heart disease when group-specific tertiles

were compared.

4. Discussion

We investigated if baseline concentrations of the neutrophil

degranulation products lactoferrin and myeloperoxidase could

predict fatal ischemicheart disease in200personswithnewlydiag-

nosed diabetes and in a group of 198 matched individuals without

diabetes when followed for nearly 20 years. Increased concentra-

tions of lactoferrin were associated with increased risk for fatal

ischemic heart disease in subjects with newly diagnosed diabetes,

whereas none of the biomarkers could predict fatal ischemic heart

disease in the control group.

4.1. Choice of markers of neutrophil degranulation

Neutrophils contain several types of granules that are degran-

ulated sequentially during activation. Specific (secondary) and

azurophil (primary) granules have distinct functions, and it was

considered useful to include one marker for each of these gran-

ule types. Lactoferrin and pentraxin 3 are among the constituents

of the specific granules, whereas myeloperoxidase, elastase and

beta-glucuronidase are found in the azurophil granules. How-

ever, pentraxin 3 is released from many cell types, including

macrophages, fibroblasts and activated endothelium [17], and

thus cannot be considered a marker of neutrophil activation. The

same holds true for beta-glucuronidase. Epithelial cells at var-

ious mucosal surfaces may also release lactoferrin, but plasma

lactoferrin is thought to stemmainly fromneutrophils and is signif-

icantly correlatedwithbloodneutrophil counts (unpublisheddata).

Myeloperoxidase and neutrophil elastase are also considered rela-

tively neutrophil-specific. Since our lab has extensive experience in

quantifying lactoferrin and myeloperoxidase, these markers were

preferred.

4.2. Diabetes, neutrophils and atherosclerosis

Most aspects of neutrophil function are impaired in patients

with diabetes, including migration to inflammatory sites, phago-

cytosis, release of lytic proteases, production of reactive oxygen

species and apoptosis [18,19]. The role of neutrophils in

coronary artery disease is not fully understood. In animal

studies, they are the first inflammatory cells appearing in an

atherosclerotic plaque [20]. Neutrophils secrete inflammatory

mediators and proteases that can cause arterial damage [4].

They can oxidise LDL which in turn recruits macrophages,

further contributing to the development of the plaque [21].

Neutrophils are also known to increase the myocardial dam-

age following myocardial infarction. Thus, an altered neutrophil

function may influence the atherogenic process in diabetes

patients.

Our study demonstrated that an increased baseline concentra-

tion of lactoferrinwas strongly associatedwith fatal ischemic heart

disease during long-term follow-up of patients with diabetes. The

diabetes patients as a group did not have significantly higher base-

line concentrationsof lactoferrin than thecontrolparticipants, even

if a higher proportion had previous cardiovascular disease (Table 1)

and patients with significant coronary stenosis have higher lacto-

ferrin concentrations than patients without [22]. This may be due

to the facts that the majority of subjects with diabetes (78%) did

not have previous cardiovascular disease and that lactoferrin con-

centrations overlap between patients with and without significant

atherosclerosis [22].

Neutrophil priming in diabetes is induced by hyperglycemia

and advanced glycated end-products and is mediated through

increased intra-cellular calciumconcentrations [23,24]. Indiabetes,

primed neutrophils contribute to oxidative stress and inflamma-

tion, which may lead to endothelial dysfunction [9,25]. Lactoferrin

could not predict fatal ischemic heart disease in the control group.

This could be due to lack of statistical power. Due to the confidence

intervals that widely overlap 1 in the second and third lactofer-

rin tertiles in the control group, the results are far from significant

and the null hypothesis that the hazard ratios are similar in all ter-

tiles cannot be rejected. Therefore, the seemingly falling hazard

ratios cannot be considered as representing a trend. Our findings

support the hypothesis that increased lactoferrin concentrations

reflect neutrophil priming caused by hyperglycemia in persons

with diabetes.

An increased baseline concentration of lactoferrin in newly

diagnosed diabetes patients may also indicate a more active pro-

inflammatory condition and thereby an increased propensity to

cardiovascular disease. Alternatively, lactoferrin may act as a sur-

rogate marker of the neutrophil count, which is also related

to the level of inflammation. The neutrophil count is a well-

knownpredictor for coronary events [4] and of stenosis complexity

[26].

As opposed to most substances released from activated

neutrophils, lactoferrin has several anti-inflammatory effects.

Lactoferrin acts as a bacteriostatic by binding free iron, which is an

essential growth factor for microorganisms. Iron also catalyzes the

formation of reactive oxygen species, and as lactoferrin binds iron,

this may contribute to its anti-inflammatory properties. Lactofer-

rin inhibits pro-inflammatory cytokine production in monocytes

which may be a feedback mechanism to down-regulate inflam-

mation by preventing neutrophil recruitment and activation [27].

Lactoferrin also contributes to the regulation of immune cells, both

by binding of iron and by iron-independent mechanisms [28]. In

diabetes, lactoferrin function is inhibited by hyperglycemia and

formation of advanced glycated end-products [29]. Thus, the anti-

inflammatory effects of lactoferrin may be disturbed in diabetes,

which in turn may increase the risk of atherosclerosis.
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Under certain circumstances, however, lactoferrin may also

act pro-inflammatory by activating macrophages and inducing

interleukin-8, tumor necrosis factor-� and nitric oxide production

[30]. There are few studies concerning the relationship between

lactoferrin and the development of atherosclerosis and ischemic

heart disease. One study by Videm et al. demonstrated that

increased concentrations of lactoferrin, but not myeloperoxidase,

were significantly related to the presence of significant coronary

artery stenosis in patients admitted for elective angiography [22].

This finding supports the conclusion of the present study.

Pentraxin 3, which belongs to the same superfamily of acute-

phase proteins as C-reactive protein, provides another example of

a molecule with diverse effects in relation to cardiovascular dis-

ease. Increasedconcentrations stronglypredictedmortality after an

acute myocardial infarction [31], but pentraxin 3 showed athero-

protective effects in a knock-out mouse model [17].

4.3. Lactoferrin versus other biomarkers of ischemic heart disease

Myeloperoxidase did not predict death from ischemic heart dis-

ease in our study. In the supplementary Cox regression analysis

using group-specific cut-off concentrations for myeloperoxidase,

subjects with diabetes in the highest tertile of myeloperoxi-

dase concentrations were at significantly higher risk of death

from ischemic heart disease. However, this relationship was lost

when lactoferrin was also included in the model. This is probably

explained by the fact that the twogranule proteins are correlated to

a certain extent, so that myeloperoxidase was able to “substitute”

for lactoferrin when the latter marker was not included. The inde-

pendent contribution of myeloperoxidase was small, as indicated

by the combined model.

Myeloperoxidase is found in atherosclerotic plaques, leads to

the formation of reactive oxygen species and exerts several effects

on the vasculature [32]. In contrast to lactoferrin, myeloperoxidase

has been widely studied as a predictor of coronary events, espe-

cially in established coronary artery disease and in the acute phase

[33,34]. Sincemyeloperoxidaseand lactoferrin arepresent indiffer-

ent granules, it is notunreasonable that their behaviour asbiomark-

ers was not equivalent. The specific granules containing lactoferrin

are more readily mobilized than the azurophil granules containing

myeloperoxidase, which results in easier release of lactoferrin to

blood in response to a weaker stimulus. Stimulation of neutrophils

results in degranulation of approximately 80% of the total cell con-

tent of lactoferrin, as opposed to only 15–20% of total myeloperox-

idase [35]. This implies that lactoferrin may have a wider dynamic

concentration range than myeloperoxidase, as it is released both

when the neutrophils are weakly and strongly stimulated.

Previous work from our group showed that C-reactive pro-

tein also was a significant predictor for ischemic heart disease

in the study population [12]. After additional adjustment for C-

reactive protein in the multivariate model, the two highest tertiles

of lactoferrin remained significant and the hazard ratios showed

minor changes (hazard ratio 2.67 (1.03–6.93) and hazard ratio 3.97

(1.60–9.90)). Thus, lactoferrin seems to be an independent and

strong predictor of fatal ischemic heart disease in patients with

diabetes.

4.4. Limitations

Internal validation showed that the logistic regression model

including lactoferrin in the patients with diabetes was somewhat

overfit, as indicated by a smaller value of Somer’s Dxy after boot-

strapping. This was not surprising, given the relatively small study

group. However, the corrected value of −0.47 still indicates that
there will be a strong relationship between predicted log hazards

and observed survival time in future studies.

The study population was not large enough for stratification

with respect to whether diabetes was well or poorly regulated, or

by gender or age. The study carries a risk of false negative con-

clusions, for example regarding the usefulness of myeloperoxidase

as predictor in diabetes patients. It was not designed to prove

causal relationships or to investigate pathophysiological mecha-

nisms. Nevertheless, our results suggest that the predictive value

of lactoferrin differs between subjects with and without diabetes.

Since lactoferrin is a novel marker, substantial work remains to be

done before its potential clinical usefulness is clarified. However,

the present data indicate that further investigations, e.g. com-

parison with established risk markers in larger populations, are

warranted.

The HUNT 1 study is a population-based study. Variables such

as the left ventricular ejection fraction or coronary artery disease

extension by angiography, that might influence the risk of fatal

ischemic heart disease, were not available and our results could

not be adjusted for them.

After storage for up to 20 years, the quality of serum may have

been reduced. However, samples from both groups were handled

similarly. Since concentrations of myeloperoxidase and lactoferrin

were compared between the groups, changes in absolute concen-

trations due to storage should not be important.

5. Conclusion

Baseline concentration of lactoferrin was a strong predictor

of fatal ischemic heart disease in subjects with newly diagnosed

diabetes, whereas myeloperoxidase did not predict death from

ischemic heart disease in this group. The finding may reflect neu-

trophil priming and thus over-activation because of hyperglycemia

in diabetes. Further studies on the relationship between lactoferrin

and cardiovascular disease are warranted.

Competing interests

The authors have no competing interests.

Acknowledgements

The Nord-Trøndelag Health Study (The HUNT Study) is a col-

laboration between the HUNT Research Centre of the Faculty of

Medicine at the Norwegian University of Science and Technol-

ogy at Verdal, The Norwegian Institute of Public Health, and the

Nord-Trøndelag County Council. We are grateful to Helse Nord-

Trøndelag HF/The Nord-Trøndelag Hospital Trust for managing the

blood tests. Nina Sandberg provided excellent technical assistance.

Funding: The study was supported by The Cardiac Research

Fund at Trondheim University Hospital. Ane Cecilie Dale received a

grant from The Liaison Committee for the Central Norway Regional

Health Authority and the Norwegian University of Science and

Technology. The funding agencies had no involvement in design,

conduction, or reporting of the study.

References

[1] Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease
associated with diabetes in men and women: meta-analysis of 37 prospective
cohort studies. BMJ 2006;332:73–8.

[2] Lyon CJ, Law RE, HsuehWA. Minireview: adiposity, inflammation, and athero-
genesis. Endocrinology 2003;144:2195–200.

[3] Levinson SS. Brief review and critical examination of the use of hs-CRP for
cardiac risk assessment with the conclusion that it is premature to use this
test. Clin Chim Acta 2005;356:1–8.

[4] Madjid M, Awan I, Willerson JT, et al. Leukocyte count and coronary heart
disease: implications for risk assessment. J Am Coll Cardiol 2004;44:1945–56.

[5] Angeli F, Angeli E, Ambrosio G, et al. Neutrophil count for the identification of
postmenopausal hypertensive women at increased cardiovascular risk. Obstet
Gynecol 2010;115:695–703.



620 I.T. Vengen et al. / Atherosclerosis 212 (2010) 614–620

[6] Gach O, Nys M, Deby-Dupont G, et al. Acute neutrophil activation in direct
stenting: comparison of stable and unstable angina patients. Int J Cardiol
2006;112:59–65.

[7] Kajikawa M, Ohta T, Takase M, et al. Lactoferrin inhibits cholesterol accu-
mulation in macrophages mediated by acetylated or oxidized low-density
lipoproteins. BBA: Lipid Lipid Metab 1994;1213:82–90.

[8] Baveye S, Elass E, Fernig DG, et al. Human lactoferrin interacts with soluble
CD14 and inhibits expression of endothelial adhesion molecules, E-selectin
and ICAM-1, induced by the CD14–lipopolysaccharide complex. Infect Immun
2000;68:6519–25.

[9] Shurtz-Swirski R, Sela S, Herskovits AT, et al. Involvement of peripheral poly-
morphonuclear leukocytes in oxidative stress and inflammation in type 2
diabetic patients. Diabetes Care 2001;24:104–10.

[10] Holmen J, Midthjell K, Bjartveit K, et al, Report no. 4 The North-Trøndelag
health survey 1984–86. Purpose, background andmethods. Participation, non-
participation and frequency distribution. Oslo, Norway: Statens Institutt for
Folkehelse, Senter for Samfunnsmedisinsk Forskning; 1990.

[11] Dale AC, Nilsen TI, Vatten L, et al. Diabetes mellitus and risk of fatal ischaemic
heart disease by gender: 18 years follow-up of 74,914 individuals in the HUNT
1 Study. Eur Heart J 2007;28:2924–9.

[12] Vengen IT, Dale AC,Wiseth R, et al. Neopterin predicts the risk for fatal ischemic
heart disease in type 2 diabetes mellitus: long-term follow-up of the HUNT 1
study. Atherosclerosis 2009;207:239–44.

[13] Videm V. Heparin in clinical doses ‘primes’ granulocytes to subsequent
activation as measured by myeloperoxidase release. Scand J Immunol
1996;43:385–90.

[14] Hegnhøj J, Schaffalitzky de Muckadell OB. An enzyme linked immunosorbent
assay for measurements of lactoferrin in duodenal aspirates and other biolog-
ical fluids. Scand J Clin Lab Invest 1985;45:489–95.

[15] Harrell FE. Design version 2.1-1. http://biostatmcvanderbiltedu/S/Design.
[16] R Development Core Team. R: A language and environment for statistical

computing. Vienna, Austria: R Foundation for Statistical Computing; 2010,
http://wwwR-projectorg.

[17] Norata GD, Marchesi P, Pulakazhi Venu VK, et al. Deficiency of the long pen-
traxin PTX3 promotes vascular inflammation and atherosclerosis. Circulation
2009;120:699–708.

[18] Alba-Loureiro TC, Munhoz CD, Martins JO, et al. Neutrophil function and
metabolism in individuals with diabetes mellitus. Braz J Med Biol Res
2007;40:1037–44.

[19] Tennenberg SD, Finkenauer R, Dwivedi A. Absence of lipopolysaccharide-
induced inhibition of neutrophil apoptosis in patients with diabetes. Arch Surg
1999;134:1229–33.

[20] Kockx MM, De Meyer GR, Jacob WA, et al. Triphasic sequence of neointi-
mal formation in the cuffed carotid artery of the rabbit. Arterioscler Thromb
1992;12:1447–57.

[21] Katsura M, Forster LA, Ferns GA, et al. Oxidative modification of low-density
lipoprotein by human polymorphonuclear leucocytes to a form recognised by
the lipoprotein scavenger pathway. Biochim Biophys Acta 1994;1213:231–7.

[22] Videm V, Wiseth R, Gunnes S, et al. Multiple inflammatory markers in patients
with significant coronary artery disease. Int J Cardiol 2007;118:81–7.

[23] Collison KS, Parhar RS, Saleh SS, et al. RAGE-mediated neutrophil dysfunc-
tion is evoked by advanced glycation end products (AGEs). J Leukoc Biol
2002;71:433–44.

[24] Alexiewicz JM, Kumar D, Smogorzewski M, et al. Polymorphonuclear
leukocytes in non-insulin-dependent diabetes mellitus: abnormalities in
metabolism and function. Ann Intern Med 1995;123:919–24.

[25] Wong RKM, Pettit AI, Davies JE, et al. Augmentation of the neutrophil respira-
tory burst through the action of advanced glycation end products: a potential
contributor to vascular oxidant stress. Diabetes 2002;51:2846–53.

[26] Avanzas P, Arroyo-Espliguero R, Cosín-Sales J, et al. Multiple complex stenoses,
high neutrophil count and C-reactive protein levels in patients with chronic
stable angina. Atherosclerosis 2004;175:151–7.

[27] Crouch SP, Slater KJ, Fletcher J. Regulation of cytokine release from mononu-
clear cells by the iron-binding protein lactoferrin. Blood 1992;80:235–40.

[28] Legrand D, Elass E, Carpentier M, et al. Lactoferrin: amodulator of immune and
inflammatory responses. Cell Mol Life Sci 2005;62:2549–59.

[29] Li YM. Glycation ligand binding motif in lactoferrin. Implications in diabetic
infection. Adv Exp Med Biol 1998;443:57–63.

[30] Sorimachi K, Akimoto K, Hattori Y, et al. Activation ofmacrophages by lactofer-
rin: secretion of TNF-alpha, IL-8 and NO. BiochemMol Biol Int 1997;43:79–87.

[31] Latini R, Maggioni AP, Peri G, et al. Prognostic significance of the long pentraxin
PTX3 in acute myocardial infarction. Circulation 2004;110:2349–54.

[32] LoriaV,Dato I,Graziani F, et al.Myeloperoxidase: anewbiomarkerof inflamma-
tion in ischemic heart disease and acute coronary syndromes. Mediat Inflamm
2008;2008:135625.

[33] Vita JA, Brennan M-L, Gokce N, et al. Serum myeloperoxidase lev-
els independently predict endothelial dysfunction in humans. Circulation
2004;110:1134–9.

[34] BrennanM-L, PennMS, Van Lente F, et al. Prognostic value of myeloperoxidase
in patients with chest pain. N Engl J Med 2003;349:1595–604.

[35] Xu X, Håkansson L. Degranulation of primary and secondary granules in adher-
ent human neutrophils. Scand J Immunol 2002;55:178–88.





 
Paper III 









































 

 

 

 

 

 

 

 

 









X/Y 
-221 

Promoter 

D   B   C 
52  54  57  

Structural alleles 

Transcription 

Panel A Panel B 



Supplementary Data.  

 

Primers 

Gene Primer Primer sequence (5´-3´) 

MBL2 exon 1,  

codon 52, 54 and 57 

(D, B, C) 

Forward 

Reverse 

Sequencing 

CCTTCCCTGAGTTTTCTCAC 

AACAGCCCAACACGTACCTG 

CGTACCTGGTTCCCCCTTTTCT 

MBL2 promoter  

-221 (X/Y) 

Forward 

Reverse 

Sequencing 

TGGTGTGAGAAAACTCAGGGAAG 

GCACGGTCCCATTTGTTCTC 

CTGGAAGACTATAAACATGCTT 

FCN1 -542 Forward 

Reverse  

Sequencing 

TCCCAAATACTATTTCCATCATATC 

CTTCAATTTCTCCAGCTGTAACT 

ATCTTGCACCAGCCC 

FCN2 +6359, +6424 Forward 

Reverse  

Sequencing +6359 

Sequencing +6424 

TCACATTTCCTCCTGCACAGG 

TTGACACATGGCAGTTTTTGTAC 

CACAGGAGATTCCCTGA 

GATCTTAACACCGGAAATT 

FCN3 +1637 Forward 

Reverse  

Sequencing 

GAGCCAGGGCGCCACCTT 

CCCCCCTCGGTGTCCATGT 

CTACCTGAGGGCAGG 
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frequencies

A. Distribution of MBL2 alleles

 Cases Controls 

SUM A/A 216 (58%) 229 (62%) 

A/B 82 (22%) 79 (21%) 

A/C 9 (2%) 4 (1%) 

A/D 43 (12%) 49 (13%) 

SUM A/O 134 (36%) 132 (36%) 

B/B 7 (2 %) 2 (0.5%) 

B/C 2 (0.5%) 0 (0%) 

B/D 7 (2 %) 4 (1 %) 

C/C 0 (0%) 0 (0%) 

C/D 0 (0%) 1 (0.3%) 

D/D 4 (1 %) 2 (0.5%) 

SUM O/O 20 (5.4%) 9 (2.4%) 

Allele frequency A 566 / 740 (76%) 590 / 740 (80%) 

Allele frequency O 174 / 740 (24%) 150 / 740 (20%) 

Y/Y 223 (60%) 234 (63%) 

X/Y 129 (35%) 124 (34%) 

X/X 18 (5%) 12 (3%) 

Allele frequency Y 575 / 740 (78%) 592 / 740 (80%) 

Allele frequency X 165 / 740 (22%) 148 / 740 (20%) 



Supplementary Data.  

frequencies

B. Allele frequencies for FCN1, FCN2 and FCN3 

 Cases Controls p-value  

FCN1 -542 

G 473/740 (64%) 444/740 (60%)   

A 267/740 (36%) 296/740 (40%) 0.12  

FCN2 +6359 

C 519/740 (70%) 533/740 (72%)   

T 221/740 (30%) 207/740 (28%) 0.42  

FCN 2 +6424 

G 655/740 (89%) 661/740 (89%)   

T 85/740 (11%) 79/740 (11%) 0.62  

FCN3 +1638 

C 731/740 (99%) 732/740 (99%)   

- 5/740 (0.7%) 4/740 (0.5%) 0.74  
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