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Abstract

End-stage renal disease (ESRD) is characterized by
an exceptional mortality rate, much of which is the
result of cardiovascular disease (CVD). Although
traditional risk factors are common in ESRD patients,
they may not be sufficient alone to account for the
high prevalence of CVD in this condition. Recent
evidence demonstrates that chronic inflammation,
a non-traditional risk factor which is observed
commonly in ESRD patients, may cause malnutrition
and progressive atherosclerotic CVD by several patho-
genetic mechanisms. The causes of inflammation in
ESRD are multifactorial and, while it may reflect
underlying CVD, an acute-phase reaction may also
be a direct cause of vascular injury by several patho-
genetic mechanisms. Available data suggest that
pro-inflammatory cytokines play a central role in the
genesis of both malnutrition and CVD in ESRD. Thus,
it could be speculated that suppression of the vicious
cycle of malnutrition, inflammation and athero-
sclerosis (MIA) would improve survival in dialysis
patients. Recent evidence has demonstrated strong
associations between inflammation and both increased
oxidative stress and endothelial dysfunction in ESRD
patients. As there is as yet no recognized, or even
proposed, treatment for ESRD patients with chronic
inflammation, it would be of obvious interest to study
the long-term effect of various anti-inflammatory treat-
ment strategies on the nutritional and cardiovascular
status as well as the outcome in these patients.
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Introduction

Cardiovascular disease (CVD) remains the main cause
of morbidity and mortality in patients with end-stage

renal disease (ESRD). The annual mortality rate due
to CVD is ;9%, which is 10- to 20-fold higher than
in the general population, even when adjusted for age,
gender, race and diabetes mellitus [1]. In fact, the death
rate among ESRD patients with signs of inflammation,
malnutrition and atherosclerosis are similar to what
one finds in many patients with metastatic malig-
nancy [2]. The causes of atherosclerotic CVD in ESRD
patients are probably multifactorial. Classic risk
factors such as dyslipidaemia, hypertension and smok-
ing are prevalent in many patients with ESRD, but
studies have shown that excess CVD is not explained
adequately by traditional risk factors [3]. Thus, it has
been postulated that non-traditional risk factors, such
as oxidative stress and inflammation, may be more
important [2,4]. Over the last years, the idea that
inflammation plays a key role in atherosclerosis has
received much attention [5] and, based on findings in
non-renal patient groups, it is evident that inflam-
mation may also be a contributor to cardiovascular
morbidity and mortality in ESRD patients.

Markers of inflammation predict clinical outcome
in dialysis patients

Since the first report by Bergström et al. [6] of an
association between elevated C-reactive protein (CRP)
and increased mortality, several groups have reported
similar findings in both haemodialysis (HD) [7–9] and
peritoneal dialysis (PD) [10,11] patients. Available
evidence suggests that CRP is a precise objective
index of the inflammatory activity and that it accu-
rately reflects generation of pro-inflammatory cyto-
kines, such as interleukin (IL)-6 and tumour necrosis
factor-a (TNF-a). Accordingly, elevated serum levels
of pro-inflammatory cytokines have also been demon-
strated to be associated with increased mortality in
dialysis patients [12,13]. As elevated CRP has been
shown to be such a strong predictor of cardiovascular
mortality [7,9], available data suggest that the asso-
ciation between inflammation and atherosclerosis is
particularly strong in dialysis patients. Indeed, CRP
has been shown to be an independent predictor of the
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number of atherosclerotic plaques in carotid arteries of
dialysis patients [14], and a strong relationship between
elevated CRP levels and atherosclerosis has also been
documented in ESRD patients [15].

Strong relationships between inflammation,
malnutrition and atherosclerosis

It may seem puzzling that whereas hypoalbuminaemia
[16,17] and inflammation [7,9] have been shown to be
important predictors of mortality in dialysis patients,
complications from malnutrition and inflammation
as such are not among the most common causes of
mortality. In fact, malnutrition accounts for only
1–2% of deaths in renal patients [18], while athero-
sclerotic CVD is by far the most common cause of
mortality in the dialysis population [1]. How can this
paradox best be explained? One possible explanation
may be the strong documented interactions between
atherosclerotic CVD and inflammatory as well as
nutritional parameters in ESRD patients [15]. Based
on these findings, we have suggested the presence of
a syndrome (MIA) consisting of malnutrition, inflam-
mation and atherosclerosis [19]. This syndrome is
present in a considerable proportion of patients who
start dialysis treatment, and is associated with a
high mortality rate [2]. Indeed, inflammation is more
common in malnourished patients [20], and Ikizler
et al. [21] have shown that the nutritional status and
inflammatory response are independent predictors of
hospitalization in HD patients. Moreover, malnutri-
tion [22] and inflammation [7] are associated with a
higher cardiovascular mortality rate in HD patients,
and available evidence suggests that nutritional and
inflammatory markers are closely linked to CVD in
ESRD. Taken together, there seems to be a vicious
circle of malnutrition, inflammation and athero-
sclerosis in ESRD patients and it is likely that pro-
inflammatory cytokines may be important players in
this scenario [19].

Causes of inflammation in ESRD

It has been recognized that ;30–50% of pre-dialysis
[15], HD [7,9,14,20,23] and PD [24] patients have
serological evidence of an activated inflammatory
response (Figure 1). The highly skewed distribution
of CRP and IL-6, as reported in these studies, suggests
that patient-specific processes, such as clotted access
grafts [25], or persistent infections, such as Chlamydia
pneumoniae [11,26] and dental infections [27], may
cause inflammation in ESRD patients. However,
decreased renal clearance of pro-inflammatory cyto-
kines, co-morbidity (such as chronic heart failure),
accumulation of advanced glycation end-products
(AGEs) and various factors associated with the dialysis
procedure may also contribute to inflammation in
ESRD patients (Table 1).

All available evidence suggests an up-regulated
pro-inflammatory cytokine system activity in ESRD
patients, and markedly elevated levels of cytokines
have been found both before and after the start of
dialysis treatment [12,28–30]. The cause(s) of elevated
serum levels of pro-inflammatory cytokines in ESRD
patients are not well understood, although both
decreased renal clearance and increased cytokine
production are likely to contribute. In some studies,
no difference in serum levels of IL-1, IL-6 and TNF-a
was observed between long-term and as yet undialysed
patients, suggesting that ESRD per se may be the most
important cause of elevated serum levels of pro-
inflammatory cytokines [28,29]. Indeed, the deterio-
ration of renal function has been associated with
significantly increased serum cytokine levels in ESRD
patients, and strong positive correlation between
creatinine clearance and various cytokines and their
soluble receptors has been demonstrated in undialysed
patients with various degrees of renal failure [31–33].
Moreover, lower urinary IL-6R excretion is found in
ESRD patients compared with controls [34]. Finally,
it has been demonstrated that reduced renal function
may affect both TNF [35] and IL-1 [36] clearance in
nephrectomized rats. However, as the half-life of
various cytokines is short and local tissue degradation
may be the most important pathway of cytokine
degradation, more research is needed to determine
the relative importance of the kidney in cytokine
clearance. Other non-dialysis-related causes of elevated
CRP in ESRD patients might include factors such
as chronic heart failure with oedema [37] and the
atherosclerotic process per se. In fact, by virtue of
its acute-phase behaviour, CRP may be a marker for
severity and progression of atherosclerotic processes
in the vessels [38].

When aldehyde or ketone groups of carbohydrates
react with amino acids, a variety of complex com-
pounds called AGEs are formed which may promote
atherosclerosis through interaction with endothelial
receptors. In ESRD patients, it is possible that an
accumulation of AGEs caused by decreased renal
clearance might promote inflammation [39]. A correla-
tion has been found between one AGE, pentosidine,
and CRP [40], and several in vitro studies show that
AGEs can trigger an inflammatory response [41–43].
Thus, the stimulation of the monocyte by AGEs could
be an initial signal of an inflammatory cascade leading
to CRP production [44].

As some studies have reported that increased levels
of pro-inflammatory cytokines are found primarily in
dialysis patients [45,46], this suggests that the dialysis
procedure, with extracorporeal circulation of blood,
may cause inflammation (Table 3). Indeed, Haubitz
et al. [47] have reported that CRP levels 24 h after HD
were significantly greater than pre-dialysis values, and
exposure of mononuclear cells to the dialysis mem-
brane is a potential source for increased cytokine levels
[48]. Apart from dialysis against non-biocompatible
membranes [34,49], the use of non-sterile dialysate
[50] and back-leak of dialysate across the dialysis
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membrane [51] might also contribute to inflammation.
However, it should be emphasized that although
optimized HD therapy using ultrapure dialysate and
biocompatible membranes reduces CRP, it does
not normalize it [52], suggesting that dialysis-
unrelated factors may be the most important cause of
inflammation in ESRD.

Mechanisms by which chronic inflammation
may cause atherosclerosis

Although the association between CVD and inflam-
mation in the dialysis patient population is well
documented, we do not know if the acute-phase
response merely reflects an epiphenomenon accom-
panying established atherosclerotic disease or whether
different acute-phase reactants themselves are involved
in the initiation anduor progression of atherosclerosis
(Table 2). However, several lines of evidence sug-
gest that CRP actually may be directly involved as
a causative factor in atherogenesis [53,54], and
CRP recently has been shown to have direct pro-
inflammatory effects on human endothelial cells [55].
Also other acute-phase reactants, such as Lp(a) [56]
and fibrinogen [57], may have properties that accel-
erate atherogenesis. It should be emphasized that

pro-inflammatory cytokines may also have direct
atherogenic effects per se. For an example, TNF-a
has been shown to mediate endothelial dysfunction
[58], down-regulate Apo E secretion [59] and promote
in vitro calcification of vascular cells [60]. Also, IL-6
may have independent atherogenic properties, as
a recent study has shown that injections of recom-
binant IL-6 exacerbate early atherosclerosis in mice
[61]. Further support for the concept that IL-6 may be
a cause of atherosclerosis comes from recent studies
showing that elevated IL-6 predicts myocardial

Fig. 1. Prevalence of elevated CRP ()5–10 mgul) in studies conducted in HD and ESRD patients.

Table 1. Potential causes of inflammation in end-stage renal disease patients

End-stage renal disease Additional causes in dialysis Additional causes
in peritoneal dialysis

Reduced renal clearance of cytokines Graft and fistula infections Peritonitis
Accumulation of AGEs Bioincompatibility of dialysis membrane Bioincompatibility of peritoneal
Chronic heart failure Exposure to endotoxins and dialysis solution
Atherosclerosis per se other cytokine-inducing Exposure to endotoxins and
Various inflammatory diseases substances from contaminated other cytokine-inducing
Unrecognized persistent infections dialysate substances from contaminated

dialysate

Table 2. Direct and indirect effects by which cytokines and various
acute-phase reactants may cause accelerated atherosclerosis

Direct Indirect

CRP deposits in the arterial wall Endothelial dysfunction
Serum amyloid A (SAA) affects CRP
lipoprotein structure TNF-a

Lp(a) and fibrinogen promote athero- Insulin resistance
and thrombogenesis Oxidative stress

TNF-a down-regulates apo E secretion Persistent infections
and promotes calcification of
vascular cells

IL-6 deposits in the arterial
athero-sclerotic walls
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infarction in healthy men [62] as well as cardiovascular
mortality over a 5-year follow-up in elderly patients
[63]. However, it should also be pointed out that the
association between chronic inflammation and CVD
may also be indirect, as chronic inflammation has been
shown to be associated with endothelial dysfunction,
insulin resistance and increased oxidative stress, all
believed to cause atherosclerosis [64].

We need new treatment strategies of the inflamed
ESRD patient

Although the prevalence of inflammation in ESRD
patients is high, there are as yet no valid recommenda-
tions on how chronic inflammation should be handled
(Table 3). Of course, if a persistent infection is found,
it should be treated adequately by antibiotics. As
various co-morbid conditions, such as chronic heart
failure and coronary heart disease, may be a cause of
inflammation, it is essential to optimize the treatment
of these conditions. In this respect, it is of interest that
it has been demonstrated that angiotensin-converting
enzyme (ACE) inhibitors may suppress production of
cytokines, such as TNF-a or IL-1b, both in vitro [65]
and in vivo [66], in mice. Moreover, the use of ACE
inhibitors in pre-dialysis patients has been shown to
be associated with lower TNF-a and CRP levels [67].

Aspirin has been shown to reduce both CRP and
IL-6 levels in patients with angina pectoris [68].
Moreover, the reduction in the risk of myocardial
infarction associated with use of aspirin seems to be
directly related to the level of CRP [69]. Thus,
treatment with aspirin could be a treatment of choice
in ESRD patients with inflammation. However, in
view of its significant side effects, such as bleeding [70],
generalized use of aspirin could not be advocated in
ESRD until prospective randomized studies have been
performed. As available evidence suggests that the HD
procedure per se may also cause an inflammatory
response, it is important to optimize the HD treatment.
The use of both biocompatible membranes [49,52]

and ultrapure dialysate [71] has been shown to reduce
various inflammatory parameters, and HD patients
with inflammation should thus be treated with
biocompatible membranes and ultrapure dialysate.

As there is as yet not recognized, or even proposed,
treatment for patients with MIA syndrome, it would
be of obvious interest to find new specific treatment
strategies that could improve the high mortality rate
observed in this patient group. In view of the strong
documented association between elevated levels of pro-
inflammatory cytokines and mortality, it would be
interesting to study the impact of various anti-cytokine
treatment strategies in ESRD patients with MIA.
Indeed, anti-cytokine therapy (e.g. anti-TNF-a anti-
bodies, soluble TNF-a receptors and IL-1 receptor
antagonists) in other patient groups with wasting
disorders, such as rheumatoid arthritis [72] and chronic
heart failure [73], has been found to be associated with
a rapid improvement in not only clinical findings but
also inflammatory parameters. It should also be noted
that thalidomide (which selectively inhibits the pro-
duction of TNF-a) reverses the wasting syndrome
associated with HIV [74] and tuberculosis [75]. Pros-
pective studies are therefore needed to investigate
whether anti-cytokine therapies are safe and may have
a beneficial effect on cardiovascular and nutritional
status and mortality rate in ESRD patients with MIA.
Moreover, as treatment with cerivastatin results in
a significant reduction of CRP unrelated to the magni-
tude of lipid alteration [76], the anti-inflammatory
effects of statins also need to be tested in ESRD
patients.

Available recent evidence suggests that certain
nutrients anduor antioxidants may have a significant
modulatory role on cytokine biology [77], which is
of interest as advanced oxidation products may be
mediators of inflammation in ESRD patients [78].
Interestingly, supplementation with vitamin E
decreases CRP [79,80] and monocyte IL-6 levels [79]
in non-renal patient groups. Thus, as vitamin E has
been shown to decrease the oxidative susceptibility of
low-density lipoprotein [81] and to reduce cardio-
vascular end points in HD patients [82], it would
be of interest to study the impact of vitamin E on
inflammatory parameters in ESRD patients.

Conclusions

ESRD is characterized by an exceptional mortality
rate, much of which is the result of CVD. Recent
evidence demonstrates that chronic inflammation is
a common feature in ESRD patients and it may cause
malnutrition and progressive atherosclerotic CVD
by several pathogenetic mechanisms. The cause(s) of
inflammation is multifactorial and, while it may reflect
underlying CVD, an acute-phase reaction may also be a
direct cause of vascular injury. Available data suggest
that pro-inflammatory cytokines play a central role in
the genesis of both malnutrition and CVD. Thus, it

Table 3. Various anti-inflammatory treatment strategies that could
be considered in ESRD patients with MIA

Today Tomorrow

Treat co-morbidity Anti-cytokine therapy
Chronic heart failure Anti-TNF-a antibodies
ACE inhibitors Soluble TNF-a receptors

Ischaemic heart disease IL-1 receptor antagonists
Acetylsalicylic acid IL-6 receptor antagonists

Persistent infections Thalidomide
Antibiotics HMG-CoA reductase inhibitors

Optimal dialysis treatment Immunonutrition
Biocompatible membranes Vitamin E
Ultrapure dialysate

Optimal nutrition
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could be speculated that suppression of the vicious
cycle of malnutrition, inflammation and athero-
sclerosis (MIA syndrome) would improve survival in
dialysis patients. As there is as yet no recognized or
proposed treatment for ESRD patients with chronic
inflammation, it would be of obvious interest to study
the long-term effect of various anti-inflammatory treat-
ment strategies on the nutritional and cardiovascular
status as well as the outcome in these patients.

Acknowledgement. This study has been supported by a grant from
the Trone Holst Foundation.

References

1. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal failure. Am J Kidney Dis
1998; 32 [Suppl 5]: S112–S119

2. Stenvinkel P. Inflammatory and atherosclerotic interactions in
the depleted uremic patient. Blood Purif 2001; 19: 53–61

3. Cheung AK, Sarnak MJ, Yan G et al. Atherosclerotic
cardiovascular disease risks in chronic haemodialysis patients.
Kidney Int 2000; 58: 353–362

4. Sarnak MJ, Levey AS. Cardiovascular disease and chronic renal
disease: a new paradigm. Am J Kidney Dis 2000; 35: S117–S131

5. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med
1999; 340: 115–126

6. Bergström J, Heimbürger O, Lindholm B, Qureshi AR. Elevated
serum C-reactive protein is a strong predictor of increased
mortality and low serum albumin in haemodialysis (HD)
patients. J Am Soc Nephrol 1995; 6: 573 [Abstract]

7. Zimmermann J, Herrlinger S, Pruy A, Metzger T, Wanner C.
Inflammation enhances cardiovascular risk and mortality in
haemodialysis patients. Kidney Int 1999; 55: 648–658

8. Iseki K, Tozawa M, Yoshi S, Fukiyama K. Serum C-reactive
(CRP) and risk of death in chronic dialysis patients. Nephrol Dial
Transplant 1999; 14: 1956–1960

9. Yeun JY, Levine RA, Mantadilok V, Kaysen GA. C-reactive
protein predicts all-cause and cardiovascular mortality in
haemodialysis patients. Am J Kidney Dis 2000; 35: 469–476

10. Noh H, Lee SW, Kang SW et al. Serum C-reactive protein: a
predictor of mortality in continuous ambulatory peritoneal
dialysis patients. Nephrol Dial Transplant 1998; 18: 387–394

11. Haubitz M, Brunkhorst R. C-reactive protein and chronic
Chlamydia pneumonia infection—long term predictors of cardio-
vascular disease survival in patients on peritoneal dialysis.
Nephrol Dial Transplant 2001; 16: 809–815

12. Kimmel PL, Phillips TM, Simmens SJ et al. Immunologic
function and survival in haemodialysis patients. Kidney Int 1998;
54: 236–244

13. Bologa RM, Levine DM, Parker TS et al. Interleukin-6 predicts
hypoalbuminemia, hypocholesterolemia, and mortality in
hemodialysis patients. Am J Kidney Dis 1998; 32: 107–114

14. Zoccali C, Benedetto FA, Mallamaci F et al. Inflammation
is associated with carotid atherosclerosis in dialysis patients.
J Hypertens 2000; 18: 1207–1213.

15. Stenvinkel P, Heimbürger O, Paultre F et al. Strong associations
between malnutrition, inflammation and atherosclerosis in
chronic renal failure. Kidney Int 1999; 55: 1899–1911

16. Lowrie EG, Lew NL. Death risk in haemodialysis patients:
the predictive value of commonly measured variables and
an evaluation of death rate differences between facilities. Am
J Kidney Dis 1990; 15: 458–482

17. AvramMM, Fein PA, Bonomini L et al. Predictors of survival in
continuous ambulatory peritoneal dialysis patients: a five year
prospective study. Perit Dial Int 1996; 16 [Suppl 1]: S190–S194

18. US Renal Data System. Excerpts from the USRDS 1999 Annual
Data Report. Am J Kidney Dis 1999; 34 [Suppl 1]: S87–S89

19. Stenvinkel P, Heimbürger O, Lindholm B, Kaysen GA,
Bergström J. Are there two types of malnutrition in chronic

renal failure? Evidence for relationships between malnutrition,
inflammation and atherosclerosis (MIA-syndrome). Nephrol Dial
Transplant 2000; 15: 953–960

20. Qureshi AR, Alvestrand A, Danielsson A et al. Factors
influencing malnutrition in haemodialysis patients. A cross-
sectional study. Kidney Int 1998; 53: 773–782

21. Ikizler TA, Wingard RL, Harvell J, Shyr Y, Hakim RM.
Association of morbidity with markers of nutrition and
inflammation in chronic haemodialysis patients: a prospective
study. Kidney Int 1999; 55: 1945–1951

22. Keane WF, Collins AJ. Influence of co-morbidity on mortality
and morbidity of haemodialysis patients. Am J Kidney Dis 1994;
24: 1010–1018

23. Owen WF, Lowrie EG. C-reactive protein as an outcome
predictor for maintenance haemodialysis patients. Kidney Int
1998; 54: 627–636

24. Yeun JY, Kaysen GA. Acute phase proteins and peritoneal
dialysate albumin loss are the main determinants of serum
albumin and peritoneal dialysis patients. Am J Kidney Dis 1997;
30: 923–927

25. Ayus JC, Sheikh-Hamad D. Silent infection in clotted haemo-
dialysis access grafts. J Am Soc Nephrol 1998; 9: 1314–1321

26. Stenvinkel P, Heimbürger O, Jogestrand O, Kärnell A,
Samuelsson A. Does persistent infection with Chlamydia
pneumoniae increase the risk of atherosclerosis in chronic renal
failure? Kidney Int 1999; 55: 2531–2532

27. Spittle M, Craig R, Adhikarla R, Ronco C, Lewin NW.
Relationship between antibodies to peridontal pathogens and
C-reactive protein (CRP) levels in haemodialysis patients
[abstract]. J Am Soc Nephrol 2000; 11: 299

28. Pereira BJG, Shapiro L, King AJ, Falagas ME, Strom JA,
Dinarello CA. Plasma levels of IL-1b, TNF-a and their specific
inhibitors in undialyzed chronic renal failure, CAPD and
haemodialysis patients. Kidney Int 1994; 45: 890–896

29. Herbelin A, Urena P, Nguyen AT, Zingraff J, Descamps-
Latscha B. Elevated circulating levels of interleukin-6 in patients
with chronic renal failure. Kidney Int 1991; 39: 954–960

30. Nakanishi I, Moutabarrik A, Okada N et al. Interleukin-8
in chronic renal failure and dialysis patients. Nephrol Dial
Transplant 1994; 9: 1435–1442

31. Brockhaus M, Bar-Khayim Y, Gurwicz S, Frensdorff A,
Haran N. Plasma tumour necrosis factor soluble receptors in
chronic renal failure. Kidney Int 1992; 42: 663–667

32. Descamps-Latscha B, Herbelin A, Nguyen AT et al. Balance
between IL-1b, TNF-a, and their specific inhibitors in chronic
renal failure and maintenance dialysis. J Immunol 1995; 154:
882–892

33. van Riemsdijk-van Overbeeke IC, Baan CC, Hesse CJ et al.
TNF-a: mRNA, plasma protein levels and soluble receptors
in patients with chronic haemodialysis, on CAPD and with
end-stage renal failure. Clin Nephrol 2000; 53: 115–123

34. Memoli B, Postiglione L, Cianciaruso B et al. Role of different
dialysis membranes in the release of interleukin-6 soluble
receptor in uremic patients. Kidney Int 2000; 58: 417–424

35. Bemelmans MH, Gouma DJ, Buurman WA. Influence of
nephrectomy on tumor necrosis factor clearance in murine
model. J Immunol 1993; 150: 2007–2017

36. Poole S, Bird TA, Selkirk S et al. Fate of injected interleukin 1
in rats: sequestration and degradation in the kidney. Cytokine
1990; 2: 416–422

37. Niebauer J, Volk H-D, Kemp M et al. Endotoxin and immune
activation in chronic heart failure: a prospective cohort study.
Lancet 1999; 353: 1838–1842

38. Heinrich J, Schulte H, Schönfeld R, Köhler E, Assmann G.
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