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 ABSTRACT 

Introduction: Patients with chronic kidney disease 
have greater mortality than the general population, 
mainly due to cardiovascular disease. Left ventricu-
lar hypertrophy, common in these patients, is also 
associated with increased mortality due to cardio-
vascular events.

The prevalence of left ventricular hypertrophy and 
cardiovascular disease is influenced by traditional 
and emerging risk factors, such as inflammation. The 
aim of our study was to investigate the relationship 
between left ventricular hypertrophy and inflamma-
tory markers in pre-dialysis patients.

Subjects and Methods: This was a cross-sectional 
study into 69 pre-dialysis patients followed-up at our 
Low Clearance outpatient clinic. Several demograph-
ic, clinical, biochemical and inflammatory parameters 
were analysed. The prevalence of left ventricular 
hypertrophy was evaluated using the left ventricular 
mass index. The demographic, clinical, biochemical 
and inflammatory parameters analysed were com-
pared in pre-dialysis patients with and without left 
ventricular hypertrophy. The relationship between 
inflammation and treatment with angiotensin con-
verting enzyme inhibitors and/or angiotensin recep-
tor blockers and between inflammation and left 
ventricular mass index was also investigated.

Results: Patients with chronic kidney disease 
presented higher inflammatory parameters than 

controls: 0.82±1.04 vs. 0.4±0.25 mg/dl, p=0.03 for 
hs-CRP; 5.3±5.6 vs. 2.1±0.37 mg/dl, p=0.002 for IL-6; 
and 11.6±8.9 vs. 4.5±1.2 mg/dl, p=0.0001 for TNF-α. 
The prevalence of left ventricular hypertrophy in 
chronic kidney disease patients was 66.4%. Patients 
with left ventricular hypertrophy tended not to be 
treated with angiotensin converting enzyme inhibi-
tors and/or angiotensin receptor blockers (17/6 vs. 
23/23; p=0.058) and presented higher levels of IL-6 
(6.2 vs. 3.4 pg/ml; p=0.015). We found a statisti-
cally significant relationship between the left ven-
tricular mass index and hs-CRP (r=0.244, p=0.043) 
and IL-6 (r=0.338, p=0.004) levels. 

Conclusions: This study suggests that inflam-
mation may contribute to the high prevalence of 
left ventricular hypertrophy in the pre-dialysis 
population.

Key-Words:
Chronic kidney disease; inflammation; left ventricu-
lar hypertrophy.

 INTRODUCTION

Patients with chronic kidney disease (CKD) have 
an excess mortality, 10-30 times higher than the 
general population, mainly due to the higher preva-
lence of cardiovascular disease1. The increased risk 
begins during the earlier stages of CKD, before end-
stage renal disease2-4.
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The Framingham study also showed that left 
ventricular hypertrophy (LVH) is associated with 
increased mortality due to cardiovascular events5 
and more recent research has also confirmed the 
prognostic value of LVH in CKD patients6-8. In these 
patients, the prevalence of cardiovascular disease 
and LVH are influenced by many traditional risk fac-
tors, such as age9, level of renal function8 and the 
presence of hypertension9,10, diabetes11 and anae-
mia7,9. Moreover, other emerging risk factors, such 
as inflammation and endothelial dysfunction, are 
associated with increased vascular disease12. Sev-
eral recently published studies have demonstrated 
an association between inflammation and LVH13-17. 
Prevention and treatment strategies demand accu-
rate knowledge and appropriate management of all 
risk factors.

The aim of our study was to investigate the rela-
tionship between LVH and inflammatory markers in 
a group of pre-dialysis CKD patients.

 SUBJECTS AND METHODS 

This was a cross-sectional study conducted at our 
hospital between August 2003 and December 2004.

We followed 69 patients (CKD stages 4 and 5)18 
from our Low Clearance outpatient clinic, who agreed 
to participate. The inclusion criteria were an esti-
mated GFR (eGFR) lower than 30 ml/min/1.73m2 body 
surface area [Modification of Diet in Renal Disease 
(MDRD) equation 19]. Any clinical signs of infection, 
malignancy, chronic liver disease or psychiatric dis-
ease were exclusion criteria. 

At baseline (first appointment to our clinic), a 
clinical history and a physical examination were 
performed and all medications registered. Several 
clinical, biochemical and inflammatory parameters 
were analysed: gender; age; weight; height; pres-
ence of diabetic nephropathy (DN); hypertension; 
coronary artery disease (CAD); eGFR; haemoglobin 
(Hb); iron; ferritin; creatinine; blood urea nitrogen 
(BUN); uric acid; albumin; pre-albumin; cholesterol 
(total and HDL); triglycerides; uric acid; calcium (Ca); 
phosphate (Pi); calcium phosphate product (Ca x Pi); 
intact parathormone (iPTH); IL-6; hs-CRP and TNF-α. 
The GFR was calculated using the MDRD formula19.

Blood pressure was measured following Perloff’s 
recommendations20. Hypertension was considered 
present when the resting blood pressure (BP) was 
higher than 140/90 mmHg or when, regardless of BP 
values, the patient was under antihypertensive 
therapy. CAD was defined by a history of classical 
exertional angina, myocardial infarction, coronary 
percutaneous angioplasty or by-pass grafting21. 
Asymptomatic CAD was also considered whenever 
there was a positive result on a treadmill stress test, 
with echocardiography, myocardial scintigraphy or 
coronariography21. 

Baseline two-dimensional and M-mode echocar-
diography were performed with a 3-Mhz trans-
ducer by an independent observer. All patients 
were observed in a left lateral decubitus position. 
Parameters such as left ventricular end-diastolic 
diameter, posterior left ventricular wall thickness 
and the interventricular septum thickness in dias-
tole were recorded. The left ventricular mass (LVM) 
was calculated using the Penn convention crite-
ria22 and was divided by the body surface area 
(Gehan and George equation)23, to compute the 
left ventricular mass index (LVMI) in g/m2. LVH 
was considered present when the LVMI was 
greater than 110 g/m2 in women and greater than 
130 g/m2 in men.

Plasma, collected using heparin as anticoagulant, 
was separated (within 30 minutes of drawing) and 
stored at -80° C until analysis for the measurements 
of chemiluminescent immunometric assay (Immulite® 
2000 High Sensitivity CRP) and IL-6 and TNF-α 
(solid–phase, enzyme labelled, chemiluminescent 
sequential immunometric assay, Immulite®). 

Darbepoetin alfa was given subcutaneously in all 
patients. All patients receiving darbepoetin alfa were 
under iron therapy.

Our control group consisted of a population of 
blood donors. Written and informed consent was 
obtained from all patients and the study was 
approved by the local ethics committee.

 Study design and statistical analysis

The inflammatory parameters of CKD patients 
were compared with those of the control group. Our 
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population of CKD patients was then divided into 2 
groups, G I, patients without LVH and G II, patients 
with LVH, which were then compared as to the sev-
eral parameters described above. The relationship 
between inflammation and medication with ACEIs 
and or ARBs and between inflammation and LVMI 
was also investigated.

Student’s t-test, Mann-Witney and Chi-square 
test were used for comparisons between groups. 
A linear regression model was used to evaluate 
the relationship between the LVMI (dependent 
variable) and the inflammatory parameters (inde-
pendent variables). The statistical analysis was 
performed with SPSS 11.0 for Windows (SPSS, Inc. 
Chicago, IL). Data are expressed as mean±SD or 
median and range for variables not normally dis-
tributed. The null hypothesis was rejected below 
the 5% level.

 RESULTS 

We studied 69 patients (31 female and 38 male) 
followed-up at our Low Clearance outpatient 
clinic, mean age 68.4±15.5 years, eGFR 15.8±6.9 
ml/min (Table I). The main causes of CKD (56%) 
were diabetic nephropathy (n=25) and hyperten-
sive renal disease (n=14) (Table I). The majority 
of our patients were hypertensive (80%) with 
ACEIs and/or ARBs used as part of the therapeu-
tic strategy in 58% (Table I). The mean LVMI was 

153.7±49.3g/m2 with 66.4% of patients presenting 
LVH (Table I). The mean Hb level was 11.3±1.6 g/dl 
with almost all patients (88.4%) treated with 
darbepoetin alfa (0.544±0.51μg/kg/w) (Tables I 
and II). 

The levels of all inflammatory parameters were 
significantly higher in CKD patients than in the 
control group: 0.82±1.04 vs. 0.4±0.25 mg/dl, p=0.03 
for hs-CRP; 5.3±5.6 vs. 2.1±0.37 mg/dl, p=0.002 for 
IL-6; and 11.6±8.9 vs. 4.5±1.2 mg/dl, p=0.0001 for 
TNF-α (Table III).

Patients with LVH (G II) showed a trend to be 
older (70.3±15.0 vs. 64.8±16.2 years; p=ns) and 
towards treatment with a higher darbepoetin alfa 
dose (0.597±0.54 vs. 0.439±0.84 μg/kg/w; p=ns), 
despite similar haemoglobin levels (11.2±1.7 vs. 
11.4±1.6 g/dl; p=ns) (Table IV). There were a higher 

Table I

Demographic, clinical and cardiovascular data of the CKD patients

Gender (m/f) 38/31

Age (years) 68.4±15.5

Causes of CKD:

• Diabetic nephropathy

• Hypertensive renal disease

• Chronic interstitial nephritis

• Chronic glomerulonephritis 

• Polycystic kidney disease

• Unknown

25

14

8

4

2

16

Darbepoetin α (μg/kg/w) 0.544±0.51

Hypertension (y/n) 56/13

Medication ACEIs and/or ARBs (y/n) 40/29

CAD (y/n) 16/53

LVMI (g/m2) 153.7±49.3

LVH (y/n) 46/23

Table II

Biochemical and inflammatory parameters of the CKD patients

BUN (mg/dl) 73.0±27.0

Creatinine (mg/dl) 5.4±3.8

eGFR (ml/min) 15.8±6.9

Haemoglobin (g/dl) 11.3±1.6

Iron (μg/dl) 64.0±36.0

Ferritin (ng/ml) 152.0±187.0

Ca (mg/dl) 9.7±1.1

Pi (mg/dl) 4.9±1.6

Ca x Pi (mg2 /dl2) 48.0±16.0

iPTH (pg/ml) 339.0±265.0

Uric Acid (mg/dl) 8.4±2.5

Total Cholesterol (mg/dl) 207.0 ±56.0

HDL Cholesterol (mg/dl) 50.0±21.0

Triglycerides (mg/dl) 146.0±74.0

Albumin (g/dl) 4.2±0.5

Pre-Albumin (mg/dl) 31.5 ± 8.6

TNF-α (pg/ml) 11.6 (1.3 - 65.9)*

IL-6 (pg/ml) 3.7 (2 - 42.6)*

hs-CRP (mg/dl) 0.4 (0.02 - 5.6)*

*data presented as median and range

Table III

Inflammatory parameters of CKD patients vs. control group

CKD Patients (n=69) Control Group (n=30) p

hs-PCR (mg/dl) 0.82±1.04 0.4±0.25 0.03

IL-6 (pg/ml) 5.3±5.6 2.1±0.37 0.002

TNF-α (pg/ml) 11.6±8.9 4.5±1.2 0.0001
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proportion of female patients (21/25 vs. 6/17; 
p=0.039) in G II. A similar number of hypertensive 
patients were observed in both groups but in G II 
there was a strong trend towards a lower proportion 
of patients being treated with ACEIs and/or ARBs (17/6 
vs. 23/23; p=0.058) (Table IV). Finally, patients in G 
II presented higher levels of IL-6 (6.2 vs. 3.4 pg/ml; 
p=0.05) but only a trend to have higher levels of 
hs-CRP (0.44 vs. 0.31 mg/dl; p=0.039) (Table IV).

We also found a significant relationship between 
the LVMI and hs-CRP (r=0.244, p=0.043) and IL-6 
(r=0.338, p=0.004) levels (Figures 1 and 2). No dif-
ferences were found in the levels of inflammatory 
parameters between patients treated and non-
treated with ACEIs and/or ARBs (Table V).

 DISCUSSION

Cardiovascular disease is the leading cause of 
morbidity and death in CKD patients1. LVH is an 
important risk factor of morbidity and mortality in 
the general5 as well as the CKD population6-8. 

The high prevalence of LVH observed in our 
patients can be explained by advanced age and the 

Table IV

Comparison of non-LVH (G I) and LVH patients (G II)

G I (n=23) G II (n=46) p

Age (years) 64.8±16.2 70.3±15.0 ns

Gender (f/m) 6 / 17 21 / 25 0.039

Hypertension ( y/n) 21 / 2 35 / 11 ns

ACEIs and/or ARBs (y/n) 17/6 23/23 0.058

Diabetic nephropathy (y/n) 8 / 15 17 / 29 ns

Haemoglobin (g/dl) 11.2±1.7 11.4±1.6 ns

Darbepoetin α (μg/kg/w) 0.439±0.84 0.597±0.54 ns

eGFR (ml/min) 15.4±6.8 16.0±7.8 ns

BUN (mg/dl) 76.0±21 71.0±29.0 ns

Ca (mg/dl) 9.8±0.9 9.7±1.1 ns

Pi (mg/dl) 5.1±1.7 4.7±1.5 ns

Ca x Pi (mg2 /dl2) 51.0±18 47.0±15.0 ns

PTH (pg/ml) 332.0±204.0 342.0±293.0 ns

Albumin (g/dl) 4.2±0.6 4.2±0.5 ns

Pre-albumin (mg/dl) 32.0±7.0 31.0±9.3 ns

LVMI (g/m2) 108.0±15.0 177.0±44.0 0.001

IL-6 (pg/ml) 3.4 (2 - 8)* 6.2 (2- 42.6)* 0.015**1

hs-CRP (mg/dl) 0.315 (0.05-2.05)* 0.44 (0.02-5.6)* 0.175**2

TNF-α (pg/ml) 8.6 (2.4-65.9) 11.25 (1.3-35.2)* 0.196**3

*data presented as median and range

**1 – Z = - 2.442; **2 – Z = - 1.356; **3 – Z =- 1.292 (Mann-Witney test)

Table V

Inflammatory parameters of CKD patients treated and non-treated with 

ACEIs and/or ARBs

Treated (n=40) Non-treated (n=29) p

hs-PCR (mg/dl) 0.88±0.9 0.75±1.2 ns

IL-6 (pg/ml) 5.1±3.9 5.6±7.4 ns

TNF-α (pg/ml) 11.9±10.9 11.2±5.1 ns

Figure 1

Positive correlation between Log hs-CRP and LVMI (r=0.244; p=0.043)

Figure 2

Positive correlation between Log IL-6 and LVMI (r=0.338; p=0.004)
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severity of renal impairment. This prevalence is 
similar to that reported by Parfrey et al.24 (68%) 
and greater than that reported by Greaves et al.25 
(39%), but the mean age of our population (68.4 
vs. 46 and 50 years, respectively) is quite higher. 
Nevertheless, it is important to remember that those 
studies only included patients on chronic dialy-
sis24-25. Conversely, and as expected, the prevalence 
of LVH in the present study is lower than that we 
previously reported involving an elderly haemodi-
alysis population (73%)9. 

Hypertension9,10 and diabetes11, well-known risk 
factors of LVH, were not associated with the pres-
ence of LVH in our population. In CKD patients, it 
is already well established that blood pressure val-
ues are inversely correlated with morbidity and 
mortality26-27, the reverse epidemiology phenome-
non28. To calculate the LVMI we used the left ven-
tricular end-diastolic diameter (LVEDD), liable to be 
increased in patients with dilated cardiomyopathy, 
which in turn is associated with low blood pressure 
values. This fact could, at least partially, explain the 
lack of association between hypertension and LVH. 
The explanation for diabetes seems to reside in the 
fact that our diabetic patients showed higher GFRs 
than those without diabetes (17.4 vs. 14.9 ml / min), 
with renal function being a predictor of LVMI and 
LVH8. 

Despite no differences in the mean LVMI between 
genders (157.9 vs. 150.2 g/m2 ; p=ns, for female and 
male patients), we found a higher proportion of 
females in G II. We think that the definition of LVH 
per se can account for this fact: an LVMI of 110 g/
m2 in women and 130 g/m2 in men.

Over the last few years inflammation has also 
emerged as a risk factor of morbidity and mortality 
in the general29-31 and CKD population32-35. The 
prevalence of inflammation is high in CKD patients, 
as mirrored by the elevated levels of CRP and pro-
inflammatory cytokines35. This uraemic inflamma-
tory status34-37 can be explained by the reduced 
renal clearance of the inflammatory markers, the 
accumulation of AGEs, the presence of atheroscle-
rosis and heart failure, and the higher prevalence of 
bacterial or viral infections38,39 observed in this 
population. Consequently, as expected, our CKD 
patients presented higher levels of the inflamma-
tory parameters than the control group. Similarly to 

other researchers, we were able to demonstrate a 
relationship between inflammation and LVH. Erten 
et al.13 observed in a group of haemodialysis patients 
that the LVMI was correlated with TNF-α levels and 
Wang et al.40 found, also in a haemodialysis popula-
tion, that CRP was a risk factor of LVH. In CKD pre-
dialysis populations, Ates et al.41, Matteuci et al.15, 
and Cottone et al.17 also described the association 
between CRP and LVMI. Even in the setting of kidney 
transplantation such an association was observed 
by Franek et al.14. Like us, several authors have 
reported IL-6 as the link between inflammation and 
cardiovascular disease. In fact, an association of IL-6 
gene polymorphisms with cardiovascular disease in 
the general population42 and more recently an asso-
ciation between the IL-6 promoter polymorphism, 
174G/C and LVH in haemodialysis patients43 has 
been demonstrated. Pecoits-Filho et al.44 also 
reported an association between LVM and IL-6 levels 
in a population of CKD patients close to the start of 
dialysis. Fredj et al.45 recently showed that IL-6 can 
induce myocyte hypertrophy by an autocrine path-
way and fibroblast proliferation by a paracrine 
pathway, and these effects could be mediated by 
angiotensin II. 

Therapeutic strategies targeting inflammation, 
such as ACEIs and/or ARBs, statins, anti-oxidant 
agents, and more recently vitamin D, have also 
proven to reduce left ventricular hypertrophy46,47. 

In conclusion, we found a high prevalence of LVH 
in our CKD patients, which was associated with 
inflammation. Since both contribute to the high 
morbidity and mortality in the CKD population, every 
attempt must be made to correct them.  

Conflict of interest statement. None declared.

References 
 1 Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular disease in 

chronic renal failure. Am J Kidney Dis 1998;32(5 suppl 3):S112-S119

 2 Muntner P, He J, Hamm L, Loria C, Whelton PK. Renal insufficiency and subsequent 
death resulting from cardiovascular disease in the United States. J Am Soc Nephrol 
2002;13:745–753 

 3 Henry RM, Kostense PJ, Bos G, et al. Mild renal insufficiency is associated with increased 
cardiovascular mortality: The Hoorn Study. Kidney Int 2002;62:1402–1407 

 4 Weiner DE, Tighiouart H, Amin MG, et al. Chronic kidney disease as a risk factor for 
cardiovascular disease and all-cause mortality: A pooled analysis of community-based 
studies. J Am Soc Nephrol 2004;15:1307–1315 

 5 Kannel WB, Gordon T, Offut D. Left ventricular hypertrophy by electrocardiogram: Preva-
lence. Incidence and mortality in the Framingham study. Ann Intern Med 1969;71:89-105

Nefro - 22-2.indd   181Nefro - 22-2.indd   181 17-04-2008   11:00:5817-04-2008   11:00:58



182    Port J Nephrol Hypert 2008; 22(2): 177-182

CMYKP

Sandra Sampaio, Elsa Morgado, Marília Faísca, Alexandre Baptista, Ana Cabrita, Anabela Guedes, Ana P. Silva, Pedro L. Neves

 6 Silberberg JS, Barre PE, Prichard SS, Sniderman AD: Impact of left ventricular hyper-
trophy on survival in end-stage renal disease. Kidney Int 1989;36:286–290

 7 Foley RN, Parfrey PS, Harnett JD, et al. Clinical and echocardiographic disease in 
patients starting end-stage renal disease therapy. Kidney Int 1995;47:186–192 

 8 Levin A, Thompson CR, Ethier J, et al. Left ventricular mass index increase  in early 
renal disease: Impact of decline in hemoglobin. Am J Kidney Dis 1999;34:125-134 

 9 Neves PL, Silva AP, Bernardo I. Elderly Patients in Chronic Hemodialysis: Risk Factors 
for Left Ventricular Hypertrophy. Am J Kidney Dis 1997;30:224-228 

 10 Tucker B, Fabbian F, Giles M, Thuraisingham RC, Raine AE, Baker LR. Left ventricular 
hypertrophy and ambulatory blood pressure monitoring in chronic renal failure. Neph-
rol Dial Transplant 1997;12:724-728

 11 Parfrey PS, Foley RN, Harnett JD, Kent GM, Murray DC, Barre PE. Outcome and risk 
factors for left ventricular disorders in chronic uraemia. Nephrol Dial Transplant 
1996;11:1277-1285

 12 Stuveling EM, Bakker SJL, Hillege HL, de Jong PE, Gans ROB, de Zeeuw D. Biochemi-
cal markers: a novel area for better prediction of renal risk?  Nephrol Dial Transplant 
2005;20:497-508

 13 Erten Y, Tulmac M, Derici U, et al. An association between inflammatory state and left 
ventricular hypertrophy in hemodialysis patients. Ren Fail  2005;27:581-589

 14 Franek E, Blach A, Witula A, et al. Association between chronic periodontal disease and 
left ventricular hypertrophy in kidney transplant recipients. Transplantation 2005;80:3-5

 15 Matteucci MC, Wühl E, Picca S, et al. Left ventricular geometry in children with mild 
to moderate chronic renal insufficiency. J Am Soc Nephrol 2006;17:218-226

 16 Mehta SK, Rame JE, Khera A, et al. Left ventricular hypertrophy, subclinical atheroscle-
rosis, and inflammation. Hypertension 2007;49:1385-1391

 17 Cottone S, Nardi E, Mulè G, et al. Association between biomarkers of inflammation 
and left ventricular hypertrophy in moderate chronic kidney disease. Clin Nephrol 
2007;67:209-216 

 18 K / DOQI Clinical Practice Guidelines for Chronic Kidney Disease: Evaluation, Classifica-
tion and Stratification. Definition and Classification of Stages of Chronic Kidney Disease. 
Am J Kidney Dis 2002;39(suppl 1):S46-S64

 19 Levey AS, Bosh JP, Lewis JB, et al. A more accurate method to estimate glomerular 
filtration rate from serum creatinine: a new prediction equation. Modification of Diet 
in Renal Disease Study Group. Ann Intern Med 1999;130:461-470

 20 Perloff D, Grim C, Flack J, et al. Human blood pressure determination by sphygmoma-
nometry. Circulation 1993;88:2460-2470

 21 Candeias R, Cacodcar S, Gomes V. Avaliação do Perfil do Metabolismo Glucídico na 
Doença Coronária. Estudo Prospectivo em Doentes Hospitalizados. Rev Port Cardiol 
2005;24:703-711  

 22 Deveraux RB, Reicher N. Echocardiographic determination of left ventricular mass in 
man. Anatomic validation of the method. Circulation 1997;55:613-618

 23 Gehan EA, George SL. Estimation of human body surface area from height and weight. 
Cancer Chemother Rep 1970;54:225-235

 24 Parfrey PS, Harnett JD, Griffiths SM, et al. The clinical course of left ventricular hyper-
trophy in dialysis patients. Nephron 1990;55:114-120

 25 Greaves SC, Gamble GD, Collins JF, Whalley GA, Sharpe, DN. Determinants of left 
ventricular hypertrophy and systolic dysfunction in chronic renal failure. Am J Kidney 
Dis 1994;24:768-776 

 26 Coresh J, Longenecker JC, Miller ER 3rd, Young HJ, Klag MJ. Epidemiology of cardiovas-
cular risk factors in chronic renal disease. J Am Soc Nephrol 1998;9(12 suppl):S24-S30

 27 Duranti E, Imperiali P, Sasdeli M. Is hypertension a mortality risk factor in dialysis? 
Kidney Int 1996;49 (suppl 55):S173-S174

 28 Kalantar-Zadeh K, Block G, Humphreys MH, Kopple JD. Reverse epidemiology of car-
diovascular risk factors in maintenance dialysis patients. Kidney Int 2003;63:793-808

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

 30 Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection 
and prevention. Circulation 2003;107:363-369 

 31 Grundy SM, Bazzarre T, Cleeman J, et al. Prevention Conference V: beyond secondary 
prevention: identifying the high risk patient for primary prevention: medical office 
assessment. Circulation 2000;101: e3-e11

 32 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 hemodialysis 
(HD) patients. J Am Soc Nephrol 1995;6:573

 33 Qureshi AR, Alvestrand A, Divino-Filho JC, et al. Inflammation, malnutrition, and car-
diac disease as predictors of mortality in hemodialysis patients. J Am Soc Nephrol 
2002;13:S28-S36

 34 Bergström J, Lindholm B. What are the causes and consequences of the chronic inflam-
matory state in chronic dialysis patients? Semin Dial 2000;13:163-164

 35 Ikizler TA. What are the causes and consequences of the chronic inflammatory state 
in chronic dialysis patients? Semin Dial 2000;13:169-171 

 36 Kaysen GA. The microinflammatory state in uremia: causes and potential conse-
quences. J Am Soc Nephrol 2001;12:1549-1557 

 37 Stenvinkel P, Alvestrand A. Inflammation in end-stage renal disease: sources, conse-
quences, and therapy. Semin Dial 2002;15:329-337

 38 Naugle K, Darby ML, Baunam DB, Lineberger T, Powers R.The oral health status of 
individuals on renal dialysis. Ann Periodontol 1998;3:197-205

 39 Stenvinkel P. Inflammation in end-stage renal failure: could it be treated? Nephrol Dial 
Transplant 2002;17:33-38

 40 Wang AY-M, Wang M, Woo J, et al. Inflammation, residual kidney function, and cardiac 
hypertrophy are interrelated and combine adversely to enhance mortality and cardiovas-
cular death risk of peritoneal dialysis patients. J Am Soc Nephrol 2004;15:2186-2194

 41 Ates K, Yilmaz O, Kutlay S, Ates A, Nergizoglu G, Ertuk S. Serum C- reactive protein 
is associated with renal function and it affects echocardiographic cardiovascular disease 
in pre-dialysis patients. Nephron Clin Pract 2005;101:c190-c197 

 42 Humphries SE, Luong LA, Ogg MS, Mawe E, Miller GJ. The interleukin-6 174 G/C pro-
moter polymorphism is associated with risk of coronary heart disease and systolic 
blood pressure in healthy men. Eur Heart J 2001; 22:2243-2252

 43 Losito A, Kalidas K, Santoni S, Jeffery S. Association of interleukin-6-174G/C promoter 
polymorphism with hypertension and ventricular hypertrophy in dialysis patients. 
Kidney Int 2003;64:616-622

 44 Pecoits-Filho R, Lindholm B, Stenvinkel P. The malnutrition, inflammation, and athero-
sclerosis (MIA) syndrome - the heart of the matter. Nephrol Dial Transplant. 2002;17 
(Suppl 11):28-31

 45 Fredj S, Bescond J, Louault C, Delwail A, Lecron JC, Potreau D. Role of interleukin-6 
in cardiomyocyte/cardiac fibroblast interactions during myocyte hypertrophy and 
fibroblast proliferation. J Cell Physiol 2005;2:428-436 

 46 Levin A. Kidneys, hearts, hormones and immonumodulators: integrated understandings. 
Blood Purif  2006;24:46-50

 47 Stenvinkel P, Alvestrand A. Inflammation in End-Stage Renal Disease: Sources, Con-
sequences, and Therapy. Semin Dial 2002;15:329-337 

Correspondence to:
Dr Sandra Sampaio
Serviço de Nefrologia 
Hospital Distrital de Faro
Rua Leão Penedo
8000 Faro, Portugal
e-mail: sandramellosampaio@yahoo.com

Nefro - 22-2.indd   182Nefro - 22-2.indd   182 17-04-2008   11:00:5817-04-2008   11:00:58


