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Summary 
Moderate hyperhomocysteinaemia is considered as an independent 
risk marker for cardiovascular disease and stroke. Earlier, increased 
homocysteine production was detected in stimulated immunocom-
petent cells in vitro, and several markers of inflammation like neopter-
in or C-reactive protein (CRP) were demonstrated as significant indi-
cators of cardiovascular risk. The relationship between coronary artery 
disease (CAD), homocysteine metabolism and markers of immune acti-
vation and inflammation was investigated in a population of 1717 pa-
tients undergoing coronary angiography, recruited as participants of 
the LUdwigshafen RIsk and Cardiovascular Health (LURIC) study. 1325 
patients (77.2%) suffered from coronary artery disease (CAD), which 
was was defined as the occurrence of a visible luminal narrowing 
(≥20% stenosis) in at least 1 of 15 coronary segments according to the 
classification of the American Heart Association, the remaining 392 in-
dividuals of the study population served as controls. Significant differ-
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ences regarding systolic blood pressure, homocysteine, neopterin and 
folic acid concentrations were observed between patients and controls. 
Older age, decreased creatinine-clearance and higher concentrations of 
homocysteine and CRP were indicative for CAD. Low B-vitamin avail-
ability, therapy and the extent of immune activation strongly influenced 
homocysteine concentrations. Homocysteine concentrations were cor-
related with neopterin levels (rs =0.325, p<0.001), and hyperhomocys-
teinaemic patients also presented with significantly higher CRP con-
centrations. Homocysteine accumulation coincided with impaired renal 
and heart function (as reflected by ProBNP[Brain natriuretic pep-
tide]-concentrations). We conclude that homocysteine accumulation 
could result from B-vitamin deficiency which is related to chronic im-
mune activation. 
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Introduction 

Elevated total homocysteine concentrations in the blood are con-
sidered as an independent risk marker for cardiovascular disease 
and stroke (1–3). Homocysteine accumulation is supposed to 
trigger endothelial dysfunction and increase oxidative stress (4, 5) 
and thus is often regarded to be a primary event in atherogenesis. 
Also inflammation and immune activation are well established to 
be crucially involved in the pathogenesis of cardiovascular disease 
(6, 7). Activated macrophages play a key role in plaque formation 
and the development of oxidative stress, and increased numbers of 
macrophages are observed in plaques of patients with acute coron-
ary syndromes (8). They release pro-inflammatory cytokines (e.g. 
interleukins or tumour necrosis factor-α (TNF-α) and generate 
reactive oxygen species (ROS) (9). Additionally, activated macro-
phages are able to release proteases and to form neopterin (9), 
which serves as a sensitive marker of cell-mediated immune acti-
vation (10). 

In patients with unstable angina and acute myocardial infarc-
tion, higher neopterin concentrations have been observed as com-
pared with control subjects and patients with stable angina pecto-
ris (11). Interestingly, neopterin concentrations did not differ be-
tween patients with chronic stable angina and unstable angina/
myocardial infarction at baseline, but within 72 hours after the 
onset of symptoms in another study (12). Also in a recent study 
neopterin has been associated with plaque destabilisation, where 
abundant neopterin-positive macrophages were found at the sites 
of coronary culprit lesions in patients with unstable angina (13). 

Very recently, neopterin has been demonstrated to be a good 
marker to identify patients at long-term risk of death or recurrent 
acute coronary events after acute coronary syndrome (ACS) (14). 
Furthermore, serum neopterin concentrations were also identified 
as an independent predictor of major adverse coronary events in 
patients with chronic stable angina pectoris (15). 

Neopterin as well as the combination of neopterin and C-reac-
tive protein (CRP) have been shown to be predictive of adverse 
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outcome in patients with both stable coronary artery disease 
(CAD) and ACS, as well as non-Q-wave myocardial infarction, re-
spectively (16, 17). Similarly, both inflammation markers have 
been shown to be associated with coronary artery disease progres-
sion in patients with stable angina pectoris (18). C-reactive protein 
has been shown to predict the outcome of patients with acute cor-
onary syndrome and has been suggested as useful marker for car-
diovascular risk (19, 20). Recently, neopterin was demonstrated as 
probably the strongest predictor of total and cardiovascular mor-
tality in a large cohort of individuals undergoing angiography, the 
so-called LUdwigshafen RIsk and Cardiovascular Health (LURIC) 
cohort (21). 

Associations between immune activation and moderate hyper-
homocysteinaemia have been demonstrated in smaller studies of 
patients suffering from rheumatoid arthritis, Alzheimer’s disease 
and also coronary heart disease (22–24). These clinical data as well 
as results of in vitro-studies (25), in which immunocompetent 
cells were shown to release homocysteine in parallel with neopter-
in, have indicated that hyperhomocysteinaemia may develop sec-
ondarily – as a consequence of immune activation. In this study, 
the relationship between CAD, homocysteine metabolism and im-
mune activation by means of soluble and cellular markers was in-
vestigated in a large population of patients undergoing coronary 
angiography. 

Methods 

Study design 

We studied 1717 Caucasian German patients (1181 men, 536 
women) who were recruited as participants of the LURIC study 
and were hospitalised for coronary angiography between June 
1997 and January 2000 (26). The study was approved by the ethics 
committee at the “Ärztekammer Rheinland-Pfalz”. Informed 
written consent was obtained from all participants. 

Inclusion criteria were: German ancestry, clinical stability (ex-
cept for acute coronary syndromes), and the availability of a cor-
onary angiogram. The indications for angiography in individuals 
in a clinically stable condition were chest pain and/or non-invasive 
test results consistent with myocardial ischaemia. Individuals who 
were suffering from acute illness other than ACS or who had 
chronic non-cardiac diseases (e.g. chronic renal failure) or malig-
nancy within the five past years and those unable to understand the 
purpose of the study were excluded. Patients with acute myocardial 
infarction were generally not enrolled within the first 24 hours 
after the onset of the myocardial infarction, but within a few days 
post-infarction, after they had been transferred from the intensive 
care unit to the general ward and they presented in a stable clinical 
setting. 

CAD was assessed by angiography, with maximum luminal nar-
rowing estimated by visual analysis. CAD was defined by angio-
graphic criteria, angiograms were analysed by five experienced an-
giographers. As described elsewhere, the three major coronary ar-

teries were divided into 15 coronary arterial segments (27). Pres-
ence of a visible luminal narrowing (≥20% stenosis) in at least one 
of 15 coronary segments was defined as CAD-positive, however, as 
stenoses >50% are regarded as clinically relevant, analyses were 
also conducted for this subgroup and are presented separately. 

Only data of patients, for whom the concentrations of neopter-
in, homocysteine and B-vitamins were available, were included in 
the analysis. 

Laboratory procedures 

Blood sampling was done in fasting subjects before cardiac cathe-
terisation. A total of 115 ml of fasting venous blood was sampled 
for the determination of a pre-specified wide range of laboratory 
parameters in serum, plasma or whole blood, as described else-
where (26). Total homocysteine was determined by HPLC (Waters 
millennium chromatography with fluorescence detector 470), cre-
atinine by the Jaffé method (Crea/Hitachi 717, Roche), folic acid by 
ion capture immunoassay (Folic acid/Abbott AXYM auto-
sampler), vitamin B12 by microparticle enzyme immunoassay 
(vitamin B12, Abbott AXYM autosampler), TNF-α by chemilumi-
nescent assay (Immulite TNF-α/DPC, Immulite autosampler, ), 
interleukin-12 (IL-12) by ELISA (Biosource Europe SA), percen-
tage of activated T-cells and monocytes by fluorescence-activated 
cell-sorting (FACS) technique (26). “Sensitive” CRP was measured 
by immunonephelometry (N Latex CRP mono, Dade Behring) 
(26). Neopterin concentrations were determined by radioimmun-
assay (BRAHMS Diagnostica, Henningsdorf, Germany), ProBNP 
(Brain natriuretic peptide) was measured by electrochemilumi-
nescence on an Elecsys 2010 (Roche Diagnostics). The creatinine-
clearance was calculated separately for men [crcl = 
(140-age)*weight */(72*crea)] and women [crcl = 
0.85*(140-age)*weight/(72*crea)]. 

To account for renal function, the homocysteine-to-creatinine 
and neopterin-to-creatinine ratios as well as the homocysteine-to-
creatinine-clearance and neopterin-to-creatinine-clearance ratios 
were calculated. 

Statistical analysis 

SPSS 11.0 was used for the statistical analysis of data. Normal dis-
tribution of the variables was checked with the Kolmogorov-Smir-
nov test with Lilliefors significance correction. As data did not 
show normal distribution, Spearman rank correlation analysis and 
non-parametric tests were used (Kruskal-Wallis test for the com-
parison of more than two independent groups, Mann-Whitney 
U-test for the comparison of two independent groups). A 
p-value<0.05 was considered to indicate statistical significance. 

For the comparison of patients with and without various medi-
cations T-tests for independent variables were used. 
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Binary logistic regression analysis (univariate method) was 
used to figure out determinants of the presence of coronary artery 
disease, multivariate binary logistic regression analysis was per-
formed with all parameters, that were significant in univariate lo-
gistic regression analysis (stepwise forward-LR). 

Results 

Characteristics of the study cohort 

A total of 1,182 patients underwent elective angiography, addition-
ally 535 patients were recruited with acute coronary syndrome. Of 
those, 330 had unstable angina, 62 had non-Q-wave infarction and 
143 had myocardial infarction. 

Among the 1,717 individuals studied, 392 were defined as CAD-
negative (22.8%) and 1,325 as CAD-positive (77.2%). A total of 
1,137 patients had clinically relevant stenoses (i.e. stenoses >50%), 
345 patients had one vessel disease (1-VD), 330 two vessel- (2-VD) 
and 462 three vessel-disease (3-VD). 

Most of the patients were under treatment: 22 patients were tak-
ing antibiotics, 902 ACE-inhibitors, 141 oral antidiabetic agents, 
84 AT-II receptor antagonists, 1222 individuals took aspirin or 
other antiplatelet medication, 1,086 β-adrenergic receptor block-
ers, calcium antagonists were taken by 264 patients and glucocor-
ticoids by 28 patients, respectively. One hundred fourteen patients 
were treated with vitamin K antagonists, 820 with statins (CSE-in-
hibitors), 260 with digitalis, 468 with diuretics, 420 were hepari-
nised, 76 women had hormonal replacement therapy, six women 
took oral contraceptives, and 785 were treated with miscellaneous 
not encoded medication, 38 patients were vitamin-supplemented. 

�Table 1 shows the median values of age, body mass index 
(BMI), systolic and diastolic blood pressure as well as concen-
trations of homocysteine, B-vitamins folic acid and vitamin B12, 
neopterin, CRP and proBNP concentrations in all subjects, and 
separately for men and women. Differences between men and 
women concerning parameters investigated are indicated by 
p-values. 

Differences between CAD-cases and non-cases 

�Table 2 shows medians of epidemiologic and lab parameters that 
were different in patients with CAD (>20% stenosis) and controls. 
Age, systolic blood pressure, homocysteine, neopterin, CRP and 
folic acid concentrations differed significantly between patients 
and controls. No differences between CAD-positive and -negative 
cases were seen regarding BMI, diastolic blood pressure and vit-
amin B12 concentrations. 

Patients with clinically relevant stenoses (stenoses >50%; 
number of patients n=1,137) also were older and had higher sys-
tolic blood pressure, higher homocysteine, neopterin and CRP 
values and lower folic acid concentrations (all p<0.001) compared 
with individuals without clinically relevant stenoses – results were 
very similar to those obtained in patients with stenoses >20%. 

�Table 3 shows the power of the investigated variables to pre-
dict the presence of CAD in univariate logistic regression analysis 
(in the whole population): Cases were older and more likely to be 
male. Thus, the ability of variables to predict the presence of CAD 
in univariate logistic regression analysis was also calculated for 
men and women separately: Age and creatinine-clearance, smok-
ing status and higher homocysteine and CRP levels were predictive 

Table 1: Medians of 
epidemiologic and  
laboratory parameters 
determined in a popu-
lation of 1,717  
patients undergoing 
coronary angiography. 
Median concentrations 
are shown for the whole 
population (all) as well 
as for men and women 
separately. P-values 
<0.05 indicate significant 
differences regarding pa-
rameters between men 
and women (Mann Whit-
ney U-test; n.s. = not sig-
nificant). 

 All Men Women P-value 

Age (years) 63.1 (56.2–70.3) 62.1 (55.5–69.4) 64.7 (58.0–71.9) <0.001 

Body mass index (kg/m²) 27.1 (24.7–29.6) 27.4 (25.2–29.7) 26.4 (23.7–29.4) <0.001 

Systolic blood pressure (mmHg) 139 (123–155) 138 (122–155) 141 (123–156) n.s. 

Diastolic blood pressure (mmHg) 81 (73–88) 81 (73–89) 80 (72–88) n.s. 

Homocysteine (μM) 12.6 (10.2–15.7) 12.9 (10.5–15.8) 11.9 (9.5–15.5) <0.001 

Folic acid (μg/l) 8.00 (6.1–10.4) 7.90 (5.9–10.3) 8.40 (6.5–10.8) <0.001 

Vitamin B12 (ng/l) 345 (258–472) 341 (259–461) 354 (255–502) n.s. 

Neopterin (nM) 6.84 (5.60–8.42) 6.80 (5.58–8.37) 6.94 (5.65–8.68) <0.001 

C-reactive protein (mg/l) 3.9 (0.8–10.0) 3.7 (0.80–10.00) 4.3 (1.0–10.3) n.s. 

Creatinine (mg/dl) 0.9 (0.8–1.0) 1.0 (0.9–1.1) 0.8 (0.7–0.9) <0.001 

Homocysteine/creatinine-clearance 0.15 (0.1–0.21) 0.14 (0.1–0.20) 0.16 (0.11–0.23) <0.001 

Neopterin/creatinine-clearance 0.07 (0.05–0.11) 0.07 (0.05–0.11) 0.09 (0.06–0.14) <0.001 

Creatinine clearance 87.4 (70.0–107.0) 93.5 (76.0–111.9) 74.2 (60.6–92.2) <0.001 

N-terminal Pro-BNP (ng/ml) 294 (103–840) 289 (97–835) 313 (132–865) <0.05 

Homocysteine/creatinine [μμM/(mg/dl)] 13.5 (11.1–16.5) 13.1 (10.9–15.8) 14.6 (11.7–17.9) <0.001 

Neopterin/creatinine [nM/mg/dl)] 7.5 (6.0–9.3) 7.0 (5.7–8.6) 8.6 (6.8–10.7) <0.001
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for CAD in men and in women (all p<0.05), furthermore also 
neopterin concentrations as well as systolic blood pressure were 
predictive of CAD in men (both p<0.05). 

When renal function was accounted for by calculating homo-
cysteine/creatinine, this ratio was no longer predictive for the pres-
ence of CAD (neither in the whole population, nor in the separate 
analyses of men and women). 

Concentrations of CRP, smoking status and age were suited best 
to predict the presence of angiographic stenosis >20% in men and 
women in multivariate logistic regression analysis (Men: z = –2.888 
+ 0.069 * age + 0.16 * CRP + 0.465 * smoking status; Women: z = 
–1.970 + 0.035 * age + 0.199 * CRP + 0.454 * smoking status). 

Determinants of homocysteine concentrations 

The median homocysteine concentration in the whole population was 
12.6 μM (interquartile range: 10.2– 15.7 μM). Five hundred twenty-
one of 1,717 patients presented with homocysteine concentrations 
above 15 μM, the earlier defined 95th percentile of normal (28). 

Four hundred thirty (82.5%) of those hyperhomocysteinaemic 
patients had stenoses >20%, whereas 91 (17.5%) were defined as 
CAD-negative. Homocysteine concentrations were higher in pa-
tients with progressive CAD (rs = 0.161; p <0.001), the median 
homocysteine concentration in patients without clinically relevant 
stenoses was 11.7 μM, while the median homocysteine level was 
12.6 μM in patients with 1-VD, 12.9 μM in patients with 2-VD and 
13.5 μM in patients with 3-VD. 

Correlation analysis showed that B-vitamin concentrations 
(folic acid, rs = –0.405, and vitamin B12, rs = –0.230; both 
p<0.001), but also age (rs = 0.264; p<0.001), creatinine (rs = 0.418), 
the creatinine-clearance (rs = –0.338), urea (rs = 0.264), uric acid 

(rs = 0.264), neopterin (rs = 0.325) and somewhat weaker CRP (rs 
= 0.125; all p<0.001) were associated with homocysteine concen-
trations. Also proBNP was associated significantly with homocys-
teine (rs = 0.230; all p<0.001), while only a very weak correlation 
existed between left ventricular function (estimated by angi-
ography) and homocysteine levels (rs = –0.056; p<0.05). 

© Schattauer 2010 Thrombosis and Haemostasis 103.5/2010
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 No CAD CAD P-value 

Age (years)  60.5 (51.9–67.1) 63.8 (57.2–70.8) <0.001 

Folic acid (μg/l) 8.2 (6.5–10.8) 8.0 (6.0–10.3) <0.05 

Vitamin B12 (ng/l) 350 (259–476) 344 (258–470) n.s. 

Creatinine (mg/dl) 0.9 (0.8–1.0) 0.9 (0.8–1.1) <0.001 

Creatinine-clearance  92.1 (73.3–113.7) 86.4 (69.5–105.0) =0.001 

N-terminal-Pro Brain natriuretic peptide (ng/ml) 179 (73–599) 327 (116–922) <0.001 

C-reactive protein (mg/l) 2.8 (0.1–7.7) 4.2 (1.1–11.0) <0.001 

Neopterin (nM) 6.4 (5.4–8.0) 6.9 (5.7–8.6) <0.001 

Homocysteine/creatinine [μM/(mg/dl)] 13.1 (10.9–16.3) 13.6 (11.2–16.5) n.s. 

Neopterin/creatinine [nM/(mg/dl)] 7.4 (5.9–9.2)  7.4 (6.0–9.4) n.s. 

Homocysteine/creatinine-clearance 0.13 (0.09–0.18) 0.15 (0.11–0.21) <0.001 

Neopterin/creatinine-clearance 0.07 (0.05–0.1) 0.08 (0.06–0.12) <0.001 

Body mass index (kg/m²) 26. 6 (24.4–29.3) 27.2 (24.8–29.7) n.s. 

Mean systolic blood pressure (mmHg) 135 (121–150) 141 (123–157) <0.001 

Mean diastolic blood pressure (mmHg) 80 (73–88) 81 (73–89) n.s. 

Homocysteine (μM) 11.7 (9.5–14.6) 12.9 (10.4–16.0) <0.001

Table 2: Medians of 
epidemiologic and  
laboratory parameters 
determined in a popu-
lation of 1,717 patients 
undergoing coronary 
angiography. Patients 
without coronary artery 
disease (no CAD) were 
compared with patients 
suffering from coronary 
artery disease (CAD, i.e. 
stenoses >20%). Inter-
quartile ranges are shown 
in brackets, p-values<0.05 
indicate significant differ-
ences. 

 Odds ratio [95% CI] 

Age (years) 1.040 [1.029–1.052] 

Body mass index (kg/m2) n.s. 

Smoking status 1.946 [1.552–2.440] 

Mean systolic blood pressure (mmHg) 1.010 [1.005–1.010] 

Mean diastolic blood pressure (mmHg) n.s. 

Homocysteine (μM) 1.046 [1.021–1.071] 

Folic acid (μg/l) 0.961 [0.926–0.998] 

Vitamin B12 (ng/l) n.s. 

Creatinine (mg/dl) 3.457 [1.926–6.204] 

Neopterin/creatinine [μM/(mg/dl)] n.s. 

Homocysteine/creatinine-clearance 3.797 [1.437–10.04] 

Neopterin/creatinine-clearance n.s. 

Creatinine-clearance  0.994 [0.990–0.998] 

C-reactive protein (mg/l) 1.256 [1.119–1.411] 

Neopterin (nM) 1.026 [1.000–1.052] 

Homocysteine/creatinine [μM/(mg/dl)] n.s.

Table 3: The power of epidemiologic and laboratory parameters  
(determined in a population of 1,717 patients undergoing coronary 
angiography) to predict the presence of coronary artery disease 
(CAD, presence of vessel stenosis >20%) is shown (n.s. = not signifi-
cant).
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Relationship between inflammation, immune  
activation, homocysteine accumulation and  
B-vitamins 

Patients with moderate hyperhomocysteinaemia (i.e. homocys-
teine levels >15 μM) had higher concentrations of neopterin 
(median: 7.86 vs. 6.45 nM) and CRP (3.84 vs. 2.95 mg/l; both 
p<0.001) than normohomocysteinaemic patients. 

Only 15 patients presented with low folate status according to 
the definition of the World Health Organization (WHO) (<7 nM 

Folate), 12 of them were CAD-positive. Patients with low folate 
status presented with higher homocysteine concentrations (medi-
an 21.1 μM vs. 12.6 μM, p<0.001), and lower B12 concentrations 
(245 vs. 365 pg/ml p<0.05), concentrations of inflammation 
markers did not differ. 

Significant associations existed between homocysteine concen-
trations and markers of inflammation and immune activation: 
Neopterin concentrations were associated strongest with homo-
cysteine concentrations (rs = 0.325, p<0.001). The correlation re-
mained significant after adjustment for renal function by calculat-

Figure 1: Homocysteine/creatinine clearance as well as homocysteine concentrations are increasing in patients with increasing markers of im-
mune activation and inflammation. Patients were divided into quartiles of neopterin/creatinine clearance (upper part of the figure) and quartiles of CRP-
concentrations (lower part of the figure): results are depicted separately for men (left side) and women (right side). 
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ing ratios of parameters with creatinine and creatinine-clearance 
(all p<0.001). Homocysteine/creatinine-clearance of men and 
women in dependence of neopterin/creatinine-clearance quartiles 
are depicted in �Figure 1. Quartiles of neopterin/creatinine dif-
fered significantly regarding homocysteine/creatinine and folate 
concentrations (p<0.001). 

Similarly, also the inflammation marker CRP showed an associ-
ation with homocysteine concentrations (rs = 0.131; p<0.001; Fig. 
1). Concentrations of other markers of cellular immune acti-
vation, namely TNF-α concentrations (rs = 0.117; p<0.05, 
measured in n = 380 patients), IL-12 concentrations (rs = 0.081; 
p<0.01, n = 1,513), and the number of activated T-cells (rs = 0.114; 
p<0.001, n = 1,025) and monocytes (rs = 0.069; p<0.01, n = 1,717) 
were also associated weakly, but still significantly, with homocys-
teine concentrations (�Fig. 2). Folate concentrations were in-
versely associated with neopterin concentrations (rs = –0.140; 
p<0.001) as well as CRP concentrations (rs = –0.097; p<0.001) in 
all patients. 

Results for patients without vitamin supplementation 
or antibiotic medication 

As we were interested in the relationship between inflammation 
and homocysteine metabolism, we conducted further analyses ex-
cluding patients with antibiotic treatment (n=22) as antibiotics 
might interfere with immune activation and inflammation cas-
cades and those with vitamin supplementation (n= 38). In these 
analyses homocysteine concentrations were still associated signifi-
cantly with B-vitamin levels (folic acid, rs = –0.396, and vitamin 
B12, rs = –0.228; both p<0.001), and age (rs = 0.264; p<0.001). Fur-
thermore, also inflammation markers neopterin (rs = 0.320, 
p<0.001) and CRP (rs = 0.126; p<0.001) were associated with 
homocysteine concentrations. Very weak correlations existed be-
tween homocysteine and interleukin-12 (rs = 0.079; p<0.01; 
n=1461) and the percentage of activated T-cells (rs = 0.113; 
p<0.001; n=992) as well as the percentage of monocytes (rs = 
0.071; p<0.01; n=1657). 
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Figure 2: Association 
of homocysteine con-
centrations (presented 
in log-scale!) with con-
centrations of IL-12  
(A; rs = 0.081; p<0.01) 
and TNF-α (B; rs = 
0.117; p <0.05), as 
well as the percentage 
of monocytes (C; rs = 
0.069; p<0.01) and ac-
tivated T-cells (D; rs = 
0.114; p<0.001). Pa-
tients with CAD (>20% 
stenoses) are depicted as 
black squares, controls 
are depicted as grey 
circles. 

H
ot

 t
op

ic
s 

in
 C

ar
di

ov
as

cu
la

r 
Ce

ll 
an

d 
Ph

ar
m

ac
ot

he
ra

py

A B 

C D 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-25 | IP: 38.107.179.230



Thrombosis and Haemostasis 103.5/2010 © Schattauer 2010

932 Schroecksnadel et al. Homocysteine and inflammatory markers

H
ot

 t
op

ic
s 

in
 C

ar
di

ov
as

cu
la

r 
Ce

ll 
an

d 
Ph

ar
m

ac
ot

he
ra

py

Relationship between smoking, inflammation and  
immune activation 

When patients were divided into subgroups according to smoking 
status (current smokers, ex-smokers and non-smokers), signifi-
cant differences of folate, CRP and neopterin concentrations were 
found between the groups. Smoking status did not influence 
homocysteine concentrations, but current smokers presented with 
higher CRP (median: 5.41 mg/l) and lower folate concentrations 
(median: 7.2 μg/l) than ex-smokers (CRP: 3.03 mg/l; folate: 8.0 
μg/l) and non-smokers (CRP: 2.65 mg/l; folate: 8.5 μg/l). On the 
contrary, neopterin concentrations were significantly lower in 
smokers than in non-smokers (6.9 nM vs. 7.8 nM). In non-
smokers as well as ex-smokers inverse correlations existed between 
folate and neopterin (�Fig. 3), furthermore, folate and CRP con-

centrations (rs = – 0.143; p <0.001) were significantly associated in 
ex-smokers. 

Influence of medication on homocysteine  
concentrations 

Different medication regimens were associated with moderately 
elevated homocysteine concentrations in patients. Patients treated 
with ACE-inhibitors, diuretics and digitalis had higher homocys-
teine concentrations (all p<0.001, t-test for independent vari-
ables), while patients treated with statins or hormonal oestrogen 
replacement had lower homocysteine concentrations (all p<0.05, 
t-test for independent variables). 

Figure 3: Correlation of concentrations of folic acid and neopter-
in (presented in log-scale!) in non-smokers (A; rs = –0.211; 
p<0.001), current smokers (B, rs = –0.048; n.s.) and ex-smokers  
(C; rs = –0.162; p<0.001). Men are shown as black triangles, women as 
grey squares. 

A B 

C 
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Discussion 

Our study shows that homocysteine concentrations are not only 
influenced by B-vitamin availability (28), but also by other impor-
tant covariates like immune activation and renal function. In fact, 
inflammation and immune activation may be responsible for 
both, disease progression in cardiovascular disease (finally also 
leading to impaired heart function by myocardial ischaemia) as 
well as the development of hyperhomocysteinaemia by folate de-
pletion. Patients in this study had different disease progression 
status according to angiography and differed also regarding other 
clinical parameters. However, the association between enhanced 
cellular immune activation and homocysteine concentrations 
found earlier in other patients with chronic diseases could be con-
firmed: moderate hyperhomocysteinaemia was associated with 
lower concentrations of folate and vitamin B12, but also with 
higher concentrations of immune activation and inflammation 
markers, like neopterin, CRP, TNF-α or IL-12. Thus, these data 
also confirm and extend earlier data from a small population of pa-
tients with coronary artery disease (24), in which an association 
between moderate hyperhomocysteinaemia and cellular immune 
activation was observed. 

Homocysteine accumulation in the blood is supposed to ac-
tively trigger atherogenesis. By auto-oxidation, homocysteine may 
further enhance oxidative stress, but whether it is really a primary 
cause of atherogenesis has still to be questioned (29). Recent longi-
tudinal studies in patients with vascular disease showed that B-vit-
amin supplementation was very effective to lower homocysteine 
levels, but did not reduce cardiovascular risk (30, 31). Thus, these 
data rather indicate that increased homocysteine levels do not play 
a crucial role in the development of atherosclerotic lesions. On the 
other hand, it has to be kept in mind that patients investigated in 
these longitudinal studies had severe manifest CAD and that the 
time of observation was only a few years. Possibly, vitamin supple-
mentation over a longer period might be beneficial for patients 
with an earlier stage of cardiovascular disease – how vitamin 
supplementation influences patients' cardiovascular risk has to be 
examined in further large prospective studies. Recently, also inter-
vention trials counteracting immune activation cascades have 
been proposed to slow down atherogenesis and the progression of 
cardiovascular disease (32). Such studies would certainly enable a 
deeper insight into the pathogenesis of cardiovascular disease, and 
would possibly answer the question, whether the beneficial effects 
of statins are rather due to their anti-inflammatory and anti-ox-
idative or their lipid-lowering capacity. Such studies would also 
shed more light on the relationship between immune activation/
inflammation and other risk factors like homocysteine. 

Also in vitro-studies of our group indicate that the accumu-
lation of homocysteine might itself derive from immune acti-
vation, as stimulated peripheral blood mononuclear cells release 
homocysteine (25). In parallel they also produce neopterin, and 
the interaction between activated T-cells and monocytes within 
immune activation also leads to enhanced production of ROS. The 
fact that lower folate concentrations were associated with higher 
neopterin and CRP concentrations, may indicate that immune  

activation is partly responsible for decreased availability of B-vit-
amins, e.g. by increased production of ROS, which can oxidise ox-
idation-sensitive B-vitamins, which are necessary for the re-
methylation of homocysteine to methionine (33). Furthermore an 
increased demand of B-vitamins by proliferating immunocompe-
tent cells may result in B-vitamin deficiency. 

Neopterin concentrations have been described earlier to reflect 
the extent of oxidative stress (34), and lower concentrations of 
antioxidants like vitamin C or E are observed in parallel with elev-
ated neopterin concentrations in aged people and in patients suf-
fering from CAD (34–36). However, neopterin might not only re-
flect immune activation and oxidative stress, but may also enforce 
oxidative stress itself: The pteridine was shown recently to induce a 
pro-atherogenic phenotype in human coronary artery endothelial 
cells by mediation of oxygen free radicals (37). 

While high neopterin levels were found to be predictive for an 
increased risk of cardiovascular mortality (21), a reduced risk of 
cardiovascular events has been demonstrated in patients with high 
folate concentrations – independently of homocysteine levels (38). 
Thus, the question arises whether homocysteine really is an inde-
pendent risk factor per se or rather an epiphenomenon of de-
creased B-vitamin availability. Recent data investigating the effects 
of B-vitamin supplementation on inflammatory markers includ-
ing neopterin and CRP in patients with CHD (39) or various forms 
of dementias (40) strongly support the idea, that failure to reverse 
inflammatory processes may partly explain the negative results of 
B-vitamin intervention trials. 

Well in accordance with earlier studies, homocysteine concen-
trations increased with older age. However, in contrast to earlier 
data we could not observe significantly higher homocysteine con-
centrations in active smokers (41, 42). Interestingly, ex-smokers 
differed significantly from active smokers and non-smokers re-
garding their CRP-levels and also folate concentrations, smokers 
having the highest CRP and lowest folate concentrations. Data are 
well in line with recent data, in which CRP concentrations were 
found to be higher in smokers and decreasing in ex-smokers (43). 
Smokers tend to have lower folate concentrations (44), thus, folate 
supplementation may also be useful in smokers. Interestingly, 
neopterin concentrations were lowest in active smokers and did 
not differ between ex-smokers and non-smokers, results being in 
accordance with earlier findings (45, 46). Higher neopterin con-
centrations are usually associated with oxidative stress (34), but 
smoking is also considered to induce oxidative stress. An “anti- 
inflammatory” effect of carbon monoxide (CO), which is one of 
the main “products” of smoking, may provide an explanation for 
this – at first sight – rather astonishing finding. Both in vivo and in 
vitro, CO at low concentrations was recently shown to inhibit the 
expression of LPS-induced inflammatory cytokines TNF-α, IL-1 
and MIP1, while the expression of anti-inflammatory cytokine 
IL-10 was increased (47). Unfortunately – and this is certainly a 
limitation of our study – CO was not measured in our patients, but 
it would certainly be interesting to investigate effects of CO on in-
flammatory pathways in vivo. 

Higher homocysteine concentrations were predictive of the 
presence of CAD, but the adjustment for renal function showed, 
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that homocysteine/creatinine was not predictive anymore. Renal 
function of patients, which is often impaired in patients suffering 
from cardiovascular disease, thus, should be taken into account. 
The correlation of homocysteine concentrations with creatinine 
levels was even stronger than the one with folate concentrations. 
Renal function has been described to influence homocysteine lev-
els (41), still homocysteine concentrations have so far been re-
garded as independent risk factor for cardiovascular disease (1–3) 
and the effect of impaired renal function was – at least to our 
knowledge- not integrated in most analyses. To account for this 
problem and also for the influence of impaired renal function on 
neopterin concentrations, homocysteine/creatinine and neopter-
in/creatinine, respectively, were calculated. 

As drugs influencing the renal function of patients (diuretics, 
ACE-inhibitors) were associated with higher homocysteine con-
centrations, renal impairment may partly be responsible for 
homocysteine accumulation, however associations between 
homocysteine concentrations and treatment regimes should cer-
tainly not be regarded to reflect a cause-effect-relationship. Pa-
tients with higher homocysteine concentrations mostly had to take 
more drugs than normohomocysteinaemic patients due to 
stronger disease progression and possibly also due to impaired 
heart function. Associations of homocysteine with N-terminal 
proBNP (NT-proBNP) confirm results of an earlier study (48), 
and additionally show that NT-proBNP is significantly associated 
with inflammation markers neopterin, CRP and interleukin-12 
(data not shown). Thus, our data indicate that immune activation 
cascades may also play a role in the development of impaired heart 
function. 

In conclusion, this study shows that the established role of mod-
erate hyperhomocysteinaemia as risk marker for cardiovascular 
disease needs to be analysed more critically in future studies. Our 
findings suggest that there are several important determinants of 
homocysteine concentrations, which have not been considered 
consistently in analyses so far. Homocysteine accumulation relates 
to B-vitamin deficiency which may develop secondarily due to an 
increased demand for oxidation-sensitive vitamins in CAD and 
other clinical conditions that are associated with chronic immune 
activation and oxidative stress. 
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