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Abstract

Background. Accelerated arteriosclerosis with cardio-
vascular disease is the main cause of death in end-stage
renal disease patients. Increased, levels of C-reactive
protein (CRP) and evidence of chronic Chlamydia
pneumoniae infection have been identified as risk
factors for cardiovascular disease in the general
population. We tested the hypothesis that eclevation
of CRP, indicating chronic inflammation, and positive
serum antibody titres for C. pneumoniae are associated
with an increased cardiovascular mortality in patients
on chronic peritoneal dialysis.

Methods. We measured CRP and antibodies to
C. pneumoniae in 34 patients on peritoneal dialysis.
CRP was measured by a sensitive ELISA and
C. pneumoniae antibodies by microimmunofluores-
cence. In addition, risk factors such as lipids, smoking
status and hypertension were assessed. Coronary artery
disease (CAD) was defined by cardiac stress testing
and/or angiography. Patients showing clinical evidence
of systemic or peritoneal dialysis-associated infection
during the investigation period of 6 months (between
1990 and 1991) were excluded.

Results. The incidence of CAD was significantly
increased in patients with CRP values > 1.5 mg/l (odds
ratio 7.0, P<0.022) during 72 months of follow-up.
In addition, in patients seropositive for IgA
C. pneumoniae antibodies, the incidence of CAD was
significantly increased (odds ratio 7.2, P<0.014).
These findings resulted in an increased risk of death
in patients with mean CRP values >1.5 mg/l at the
start of the study (odds ratio 20.0, P<0.001).
Furthermore, in patients seropositive for IgA C.
pneumoniae antibodies, the risk of death (odds ratio
10.2, P<0.005) was significantly increased. There
was a highly significant correlation between CRP
and seropositivity for IgA C. pneumoniae antibodies
(r=0.445, P<0.01).

Correspondence and offprint requests to: Dr Marion Haubitz,
Department of Nephrology, Medical School Hannover, D-30623
Hannover, Germany.

Conclusions. Increased circulating CRP and seroposi-
tivity for C. pneumoniae in patients on chronic perito-
neal dialysis are associated with reduced survival due to
cardiovascular complications. CRP and C. pneumoniae
antibodies may indicate a chronic inflammatory
process as an underlying cause and/or result of
arteriosclerosis.

Keywords: cardiovascular disease; Chlamydia pneu-
moniae; chronic inflammation; C-reactive protein;
mortality; peritoneal dialysis

Introduction

Chronic uraemic patients, either dialysed or on con-
servative treatment, exhibit an increased incidence of
occlusive arterial disease with coronary and cerebro-
vascular accidents [1,2]. Several risk factors have been
thought to be involved in the development of this
accelerated arteriosclerosis. Classic factors like hyper-
tension, smoking or lipid disorders are frequently
observed in patients with chronic renal insufficiency,
but studies have demonstrated that the excess of
atherothrombotic cardiovascular disease in end-stage
renal disease (ESRD) patients is not adequately
explained by traditional risk factor indices [3-5]. In
the last decade it has been emphasized that inflamma-
tion is an important feature of atheroma, which is
characterized (at an early stage) by activation and
proliferation of macrophages, endothelial cells and
smooth muscle cells. It has been suggested that chronic
infection with Chlamydia pneumoniae, Helicobacter
pylori and Cytomegalovirus are involved in the
pathogenesis of coronary heart disease [6—11]. Overall
inflammatory activity is indicated by an increase in
circulating concentrations of acute phase reactants.
Higher serum levels of C-reactive protein (CRP), the
most sensitive acute phase protein in human beings,
have been shown to predict or to be directly correlated
with the presence and severity of coronary, cerebral
and peripheral arterial atherosclerosis in patients
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without renal impairment [12,13]. Raised circulating
concentrations of CRP have been shown to predict
coronary events in patients with stable or unstable
angina [14].

Patients with ESRD have increased CRP levels
compared with normal controls [15,16]. In patients on
long-term haemodialysis therapy, these elevated levels,
among other factors, are probably caused by the
induction of the inflammatory activity by the dialyser
membrane, the dialysate buffer or contamination of
the dialysate with bacterial fragments [17]. An increase
in CRP concentration has been demonstrated 24 h
after dialysis treatment [18]. In patients treated with
long-term peritoneal dialysis (PD), CRP values were
significantly lower compared with patients on long-
term haemodialysis therapy [15], but still significantly
increased compared with normal controls.

In this study we investigated the relationship of
serially measured CRP and a seropositivity of chronic
C. pneumoniae infection indicated by elevated antibody
titre on the incidence of coronary artery disease (CAD)
and survival of patients on long-term PD.

Subjects and methods

Patients

Patients were recruited between 1990 and 1991, after
informed consent had been obtained. All patients treated
with PD in the PD outpatients unit of Hannover Medical
School for at least 3 months, not suffering from congestive
heart failure or autoimmune disease, and with a period for
sample collection of 5-6 months were included. Patients with
evidence of systemic infection (fever or leukocytosis) or a
PD-associated infection (exit-site infection, tunnel infection
or peritonitis) up to 2 months before or during the sample
collection period were excluded (n=13; mean CRP in
these patients, 12.970 mg/l). Thirty-four ESRD patients
(12 females, 22 males; average age 43+12 years, range
23-68 years) were eligible. Twenty-seven patients were
on automated peritoneal dialysis (APD), with six nightly
exchanges using a total volume of 10-14 1 dialysate (mean
glucose concentration 2.4%), and seven patients were on
continuous ambulatory peritoneal dialysis (CAPD), with
four to five exchanges per 24 h and a total volume of 8 L.
Primary renal diseases were chronic glomerulonephritis
(n=15), diabetic nephropathy (n=12), chronic interstitial
nephritis (n=2), polycystic kidney disease (n=3), kidney
hypoplasia (n=1) and haemolytic-uraemic syndrome (n=1).

Diagnosis of arteriosclerotic disease

CAD was defined as a past history of cardiac ischaemic
accident and/or angiographic documentation of stenosis of at
least one major epicardial coronary vessel and/or an
abnormal cardiac stress test. Cerebrovascular disease
(CVD) was diagnosed in patients with a cerebral ischaemic
accident, and the diagnosis was confirmed by computed
tomography. Peripheral vascular disease (PVD) was dia-
gnosed by a reduced walking capacity with claudication and
the absence of appropriate pulses on clinical examination
and/or a peripheral angiography. Moreover, the number of
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antihypertensive drugs (as an indicator of hypertension) and
the smoking statuses of the patients were documented.

Follow-up of the patients included assessment of survival,
the development of arterial occlusive disease (CAD, CVD,
PVD) and the incidence of PD-associated infections (exit-site
infection, tunnel infection or peritonitis). The observation
period ended on December 31, 1997.

Blood sampling

Blood samples without anticoagulant were taken in the
morning, 2 h after the end of APD or during ongoing
CAPD. Serum was separated without delay and stored
at —20°C until analysis. For prospective CRP measurement
over a period of 5-6 months, samples were taken every
month and the results were averaged for each patient.

CRP determination

CRP values were measured using a sensitive enzyme-linked
immunosorbent assay (detection limit 200 pg/ml) as described
previously [18]. The assay is based on a sandwich-ELISA
technique using an anti-CRP antibody as a catching antibody
and an identical biotinylated antibody as the detecting
antibody.

Chlamydia pneumoniae antibody determination

Antibodies to C. pneumoniae (IgG and IgA) were invest-
igated at the start of the study using the micro-
immunofluorescence method [19]. In this in-house assay,
elementary bodies of the TW 183 strain of C. pneumoniae
(University of Washington Research Foundation, Seattle,
Washington) were wused. Fluorescein isothiocyanate
(FITC)-labelled anti-human IgG or IgA antibodies (Bios,
Grifelfing, Germany) were used for the detection. IgG
titres of >64 and IgA titres of >80 were considered positive.
In 160 healthy staff members, IgG antibodies to
C. pneumoniae were positive in 66% and IgA antibodies in 16%.

Lipid status

Serum cholesterol and triglyceride were collected retro-
spectively from the medical record (mean of three to four
measurements between the start of the study and the
following 12 months).

Statistical analysis

Data are given as means+standard deviations (SD).
Univariate analyses were performed with Fisher’s exact
test. Continuous variables were analysed by the
Mann-Whitney U-test. Data on survival were compiled by
life table methods (Kaplan—Meier) and analysed by log
rank testing. Correlations were assessed by Spearman
Rank Order. The data were analysed with the System
Package for Statistical Software (SPSS).

Results

At the start of the study, three patients had evidence of
CAD, three patients of CVD and nine of PVD. During
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the follow-up, 10 further patients developed CAD, five
CVD and four PVD.

The mean follow-up period was 69423 months
(range 18-89 months). Over 6 years, 12 patients died
(44 +19 months, range 18-64). One patient died after
89 months. The causes of death were cardiac events in
eight patients (infarction, cardiac arrhythmias), cereb-
ral events in two patients, sepsis in one patient, and in
two patients the cause of death remained unknown.
There was no significant difference regarding the devel-
opment of peritonitis or chronic exit-site infections
between patients who died and those who survived.

During the follow-up, 10 patients received a success-
ful renal transplant after 28 427 months. In 10 patients,
long-term renal replacement therapy was changed from
PD to haemodialysis after 39 + 23 months.

Mean CRP serum levels were 1.480+ 1.444 mg/l.
CRP values were significantly lower in the group of
patients who did not develop CAD during follow-up
(0.945+0.819 mg/l) than in those patients who had
or developed CAD (2.34341.818 mg/l) (P <0.005).
The risk of CAD was also significantly increased in
patients with mean CRP values >1.5 mg/l versus
patients with mean CRP values of <1.5 mg/l (odds
ratio 7.0, P<0.022) (Table 1). There was no significant
difference regarding PVD or CVD.

With respect to survival, CRP values in the group
of patients who were still alive after 72 months were
significantly lower (1.063 +1.413 mg/l) than in those
patients who had already died (2.2454 1.205 mg/l)
(P <0.001). The risk of death was significantly increased
in patients with a mean CRP value >1.5 mg/l versus
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patients with mean CRP values of <1.5 mg/l at the
start of the study (odds ratio 20.0, P <0.001) (Table 2).

Regarding C. pneumoniae infection, 26 patients (76%)
were positive for IgG antibodies and 14 (41%) for IgA
antibodies. In the group of patients who had or
developed CAD, 92% were positive for IgG and 69%
for IgA, whereas in patients without CAD during
follow-up, only 67% were positive for IgG and 24% for
IgA. The risk of CAD was significantly increased in
patients with IgA antibodies (odds ratio 7.2, P<0.014)
(Table 1). The difference did not reach significance
for patients with IgG antibodies (odds ratio 6.0,
P<0.116). There was no significant difference in
patients who had or developed PVD or CVD.

In the group of patients who died during the
72 months, 92% were positive for 1gG and 75% for
IgA antibodies, whereas of the patients still alive only
68% had IgG antibodies and 23% had IgA antibodies.
The risk of death was significantly increased in patients
with IgA antibodies (odds ratio 10.2, P <0.005;
Table 2), whereas the difference was not significant
for patients with IgG antibodies (odds ratio 5.1,
P<0.21).

CRP levels and C. pneumoniae 1gA and IgG anti-
bodies were significantly correlated (IgA: r=0.445,
P<0.01; IgG: r=0.368, P<0.05), as were CRP and
age (r=0.507, P<0.01).

Gender and smoking habit were not associated with
an increased risk of CAD or death, whereas diabetes as
the cause of terminal renal failure is a signifcant risk
factor. CAD, PVD or CVD before the study were
significant risk factors for death (Table 2). Patients

Table 1. Odds ratio for risk factors of CAD during a follow-up of 72 months

Patient characteristic Number of patients P-value Odds ratio (95% CI)
Without CAD (n=21) With CAD (n=13)
n (%) n (%)
CRP> 1.5 mg/l 3 (14.3) 7 (53.8) 0.022 7.00 (1.36—36.01)
1gG to C. pneumoniae 14 (66.7) 12 (92.3) 0.116 6.00 (0.64—55.95)
IgA to C. pneumoniae 5(23.8) 9 (69.2) 0.014 7.20 (1.53—-33.85)
Sex 11 males 11 males 0.075 5.00 (0.88—-28.30)
Smoker 4 (19.0) 4 (30.8) 0.680 1.89 (0.38—9.40)
Diabetes 29.5) 10 (76.9) 0.0001 31.67 (4.52-221.72)
Patient characteristic Number of patients P-value
Without CAD (n=21) With CAD (n=13)
(mean + SD) (mean 4+ SD)
CRP (mg/l) 0.95+0.82 2.34+1.82 0.005
Cholesterol (mg/dl) 266+ 83 303 +63 0.082
Triglyceride (mg/dl) 231+98 294 +145 0.100
Antihypertensive drugs 1.3+1.1 1.46+0.9 0.708
Age (years) 40412 4949 0.002
TRF for (months) 14+18 12+12 0.804
PD for (months) 6+5 5+3 0.944

TRF =terminal renal failure
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Table 2. Odds ratio for risk factors of death during a follow-up of 72 months

Number of patients P-value Odds ratio (95% CI)
alive (n=22) dead (n=12)
n (%) n (%)
CRP>1.5 mg/l 2(9.1) 8 (66.7) 0.001 20.00 (3.04—131.73)
1gG to C. pneumoniae 15 (68.2) 11 (91.7) 0.21 5.13 (0.55—47.98)
1gA to C. pneumoniae 5(22.7) 9 (75.0) 0.005 10.20 (1.97—-52.78)
Sex 12 males 10 males 0.140 4.17 (0.73-23.61)
Smoker 5(22.7) 3 (25.0) 1.000 1.13 (0.22—5.86)
CAD before study 0 3 (25.0) 0.037 not applicable
PVD before study 0 9 (75.0) 0.0001 not applicable
CVD before study 0 3 (25.0) 0.037 not applicable
Diabetes 2(9.1) 10 (83.0) 0.0001 50.00 (6.11—-409.06)
Number of patients P-value
alive (n=22) dead (n=12)
(mean 4 SD) (mean 4 SD)
CRP (mg/l) 1.06+1.41 2.25+1.21 0.001
Cholesterol (mg/dl) 261 +67 312486 0.076
Triglyceride (mg/dl) 229 +87 296+ 157 0.262
Antihypertensive drugs 1.3+1.0 1.6+1.1 0.435
Age (years) 39+10 52+10 0.002
TRF for (months) 14+19 12+10 0.705
PD for (months) 6+4 6+5 0.814
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Fig. 1. Probability of survival of PD patients in relation to mean serum CRP level (calculated using the Kaplan—Meier method).
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Fig. 2. Probability of survival of PD patients in relation to seropositivity for IgA to C. pneumoniae (calculated using the Kaplan-Meier

method).

who developed CAD or died were significantly older
(P <0.002) and tended to have higher cholesterol levels
(P<0.082 and P<0.076, respectively). There was no
significant difference regarding triglyceride levels,
number of antihypertensive drugs or time passed
since terminal renal failure.

Life table analysis revealed a significantly poorer
survival of patients with mean serum CRP values
> 1.5 mg/l (P<0.0001) and for patients with IgA anti-
bodies to C. pneumoniae (P <0.007) (Figures 1 and 2).

Discussion

In this study of ESRD patients on PD, an elevation
of CRP serum levels was significantly associated with
increased incidence of cardiovascular disease and
poorer survival. Patients with CRP serum levels
>1.5mg/l (a limit well below the clinically used
‘normal range’ up to 5 mg/l) more frequently had, or
developed, CAD. This risk of CAD and death were
not significantly associated with factors known to
enhance the development of cardiovascular morbidity,
e.g. hyperlipidemia, blood pressure (indicated by
the number of antihypertensive drugs) and smoking
habit.

The relationship between CRP levels and CAD has
been established in apparently healthy individuals [13].

Ridker and colleagues found that the base-line plasma
concentration of CRP predicts the risk of future
myocardial infarction and stroke. In addition, reduc-
tion in the risk of myocardial infarction associated
with the use of aspirin appears to be directly related to
the level of CRP. Other study groups have shown
comparable results in men recruited from the registers
of general practitioners [20] and in smokers with
CRP levels >2 mg/l[21]. In patients with angina, CRP
concentrations >3 mg/l [22] or >3.6 mg/l [14] were
associated with a significantly worse prognosis or
a two-fold increase in the risk of a coronary event,
respectively.

In ESRD patients on chronic haemodialysis therapy,
CRP levels exceeding the normal range (5 mg/l) have
been described in about one- to two-thirds of patients
[15,16,23-29]. It has been reported that elevated CRP
levels were associated with death during 1 and 3 years
of follow-up [28]. However, CRP values in this study
were found to be in the pathological range (> 5 mg/l)
in most of the patients which, when associated with
low albumin, might indicate severe non-arteriosclerotic
disease. Recently, in a large study including patients
on chronic dialysis, CRP was a powerful predictor of
not only mortality in general, but of cardiovascular
death in particular [16]. However, in this study only a
single CRP measurement was used and follow-up
ended after 24 months, thus limiting the strength of the
study and stressing the need for a long-term follow-up
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and serial measurements of CRP over time, which the
authors themselves suggested in their discussion.

In long-term PD patients without intercurrent
infectious episodes, very little data concerning CRP
values are available [15,27]. However, the level of CRP
was found to be within the normal range in most of
these patients. Our study represents the first investiga-
tion using serial CRP measurements as a prognostic
index for CAD and survival during long-term follow-
up. Our results show the strong association between
CRP and the risk of CAD and death in this patient
group. However, a highly sensitive CRP assay,
encompassing the ‘normal range’ of this acute phase
protein is necessary, as the risk increases already with
CRP values > 1.5 mg/l. This critical CRP value in our
study is in the same range as CRP serum levels
indicating increased risk of coronary heart disease in
patients with apparently normal renal function
[12,13,21].

In our study, higher age and diabetes mellitus are
also associated with an increasing incidence of CAD
and mortality risk. This has been shown by other
investigators [29]. CRP increases with age; however,
the higher age in the group of patients who died
cannot explain the clearly elevated CRP values, as it
has been shown that CRP increases only by 2% a year
[14]. With respect to diabetes as the underlying
renal disease, other authors have shown that dia-
betes itself does not lead to increased CRP values
[14,25]. Therefore, higher CRP values in diabetic
patients seem to be independent of the underlying
diabetes mellitus, but reflect the higher incidence of
arteriosclerosis.

Whether CRP represents a marker for the develop-
ment of arteriosclerosis or plays a part in its patho-
genesis remains to be elucidated: CRP might simply
indicate the subacute inflammation of the coronary
artery system or other arteries as the lipid-rich athero-
matous material is itself a potent inducer of inflamma-
tion [30]. However, CRP might also point to an
associated infection (C. pneumoniae, Cytomegalovirus,
H. pylorii), which could play a major role in the
pathogenesis of arteriosclerosis.

Our study shows that, in PD patients, the presence
of elevated IgA antibody titres to C. pneumoniae is a
risk factor for coronary heart disease and death.
Recent evidence has suggested an association between
elevated IgA titres and chronic bacterial infec-
tions, such as yersinial reactive arthritis and chronic
pelvic inflammatory disease caused by Chlamydia
trachomatis [7). Elevated IgA titres to C. pneumoniae
are considered to be a sign of a chronic and still
active infectious process [7], whereas IgG might rep-
resent a marker of a past exposure as IgG antibody
titres decrease slowly after an acute infection. Our
results are in accordance with the study of Saikku
and colleagues [7] in patients without renal disease.
These authors showed that chronic C. preumoniae
infection is a significant and independent risk factor
of the development of CAD. Moreover, it has been
shown recently that C. pneumoniae 1gA antibodies
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are associated with an increased mortality over a
13-year period, which is mainly due to fatal CAD
and largely independent of conventional cardio-
vascular risk factors [31]. In patients on chronic haemo-
dialysis, a cross-sectional investigation demonstrated
an association between IgG antibodies to C. pneumo-
niae, CRP levels and atherosclerosis using the number
of plaques in the carotic arteries [32]. In pre-dialysis
patients, this association was shown for IgA anti-
bodies to C. pneumoniae and the calculated intima
media area determined by ultrasonography [33].

Our results lead to the conclusion that a chronic
C. pneumoniae infection might be an important risk fac-
tor in patients with ESRD. However, until now a causal
association showing a direct role for C. pneumoniae
infection in the pathogenesis of coronary sclerosis has
not been demonstrated. The hypothesis of a chronic
inflammation caused by C. pneumoniae is supported
by the significant correlation between CRP level and
seropositivity for C. pneumoniae antibodies in our
study.

The link between the accelerated arteriosclerosis and
the high incidence of chronic C. pneumoniae and
elevated CRP levels in dialysis patients also remains
hypothetical. However, the immune defect observed in
dialysis patients [34] might predispose them to the
persistence of infectious agents such as C. pneumoniae.
Furthermore, the dialysis procedure is a continuous
inflammatory stimulus [15-17].

In conclusion, CRP measurements over time may
provide important information about subclinical
arteriosclerosis and the risk of CAD and mortality in
patients with ESRD on long-term PD. As a chronic
C. pneumoniae infection is suspected of being involved
in low-grade inflammation, clinical intervention trials,
especially in patients with ESRD, are needed because
the infection is common and amenable to treatment,
and the proportion of patients on long-term renal
replacement therapy with clinical evidence of coronary
artery disease is several times higher than the
prevalence in subjects of similar age in the general
population.
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