http://www.revistanefrologia.com

originales

© 2011 Revista Nefrologia. Organo Oficial de la Sociedad Espafiola de Nefrologia

Relationship between leptin and all-cause and
cardiovascular mortality in chronic hemodialysis

patients

J.J. Diez', M. Bossola?, M.J. Fernandez-Reyes’, E. di Stasio? L. Tazza? G. Luciani?,
R. Codoceo?, P. Iglesias’, A. Rodriguez?, E. Gonzalez’, R. Selgas®

! Servicio de Endocrinologia. Hospital Ramén y Cajal. Madrid

2 Servizio Emodialisi. Universita Cattolica del Sacro Cuore. Roma (ltalia)

3 Servicio de Nefrologia. Hospital General de Segovia.
4 Servicio de Bioguimica. Hospital La Paz. Madrid
s Servicio de Nefrologia. Hospital La Paz. Madrid

Nefrologia 2011;31(2):206-12
doi:10.3265/Nefrologia.pre2010.Dec. 10629

ABSTRACT

Background: We aimed to evaluate the relationship between
serum leptin and the leptin/body mass index (BMI) ratio with
prevalent cardiovascular disease (CVD), and their influence on
all-cause and CVD-related mortality in patients on hemodialy-
sis (HD). Methods: 118 stable HD patients (50 women, median
[interquartile range] age, 65.1 [54.7-72.2] years) were studied.
All patients had baseline measurement of serum leptin con-
centrations. Relationships between leptin and all-cause and
CVD mortality were studied by means of survival analysis and
Cox regression analysis. Results: The leptin/BMI ratio was si-
milar in patients with and without CVD at baseline (0.65
[0.29-2.23] vs. 0.68 [0.29-1.49] ng-m¥ml-kg, respectively, NS).
Multiple logistic regression analysis showed that there was
not an independent association between leptin/BMI ratio and
prevalent CVD. During the follow-up time, 52 (44.1%) pa-
tients died. CVD was the cause of death in 27 out of 52
(51.9%) deceased patients. Survival analysis and Cox propor-
tional multivariate regression analysis showed that there
were no significant relationships between leptin levels or the
leptin/BMI ratio and all-cause and CVD-related mortality. Con-
clusion: These results do not support that, in stable HD pa-
tients, serum leptin concentrations and the leptin/BMI ratio
are related with prevalent CVD. Leptin/BMI ratio seems not
to be a risk factor for mortality in these patients.
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Relacion entre leptina y mortalidad global
y cardiovascular en pacientes en hemodialisis

RESUMEN

Introduccion: El objetivo del presente estudio ha sido eva-
luar la relacion entre la leptina sérica y el cociente leptinalin-
dice de masa corporal (IMC) con la enfermedad cardiovascu-
lar (ECV) prevalente y su influencia en la mortalidad global y
en la mortalidad por ECV en pacientes en hemodialisis (HD).
Meétodos: Se estudiaron 118 pacientes estables en HD (50
mujeres, edad mediana [recorrido intercuartilico], 65,1 [54,7-
72,2] afios). En todos los pacientes se cuantificé la concentra-
cion basal de leptina. La relacion entre leptina y la mortali-
dad se evalué mediante andlisis de supervivencia y andlisis
de regresion de Cox. Resultados: El cociente leptina/IMC fue
similar en pacientes con y sin ECV prevalente (0,65 [0,29-2,23]
frente a 0,68 [0,29-1,49] ng-m*/ml-kg, respectivamente, NS).
El andlisis de regresion logistica mostré que no existia una
asociacion independiente entre el cociente leptina/lMC y la
enfermedad cardiovascular prevalente. Durante el sequi-
miento 52 pacientes fallecieron (44,1%). La ECV fue causa de
muerte en 27 de 52 pacientes fallecidos (51,9%). El analisis
de supervivencia y el anélisis multivariante de Cox mostraron
que no hubo relacidn significativa entre los niveles de lepti-
na o el cociente leptina/IMC y la mortalidad global o por cau-
sa de ECV. Conclusion: Estos resultados no apoyan la hipdte-
sis de que, en pacientes estables en HD, las concentraciones
de leptina y el cociente leptina/IMC estén relacionados con
la ECV prevalente. Mas aun, el cociente leptina/lMC no pare-
ce ser un factor de riesgo de mortalidad en estos pacientes.

Palabras clave: Leptina. Enfermedad renal terminal.
Hemodialisis. Mortalidad. Enfermedad cardiovascular.
INTRODUCTION

Cardiovascular disease (CVD) is the major cause of death in
chronic hemodialysis (HD) patients'. According to two of the
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largest end-stage renal disease (ESRD) registries, the
US Renal Data System (USRDS) and the European
Registry of patients on renal replacement therapy (ERA-
EDTA), the estimated risk for cardiac events such as
myocardial infarction is 3.5-50 times higher among HD
patients than in the general population®’. In the last
two decades, it has become evident that the increased
frequency of CVD observed in HD patients is secondary
to the combination of many traditional and novel and
uremia-related risk factors*.

Leptin promotes atherosclerosis, thrombosis, and
vascular smooth muscle cell proliferation and
migration®. In addition, clinical studies have

demonstrated a significant correlation between leptin
levels and hypertension, hyperlipidemia, perturbed
fibrinolysis and chronic inflammation®’. Leptin levels
are significantly higher in HD patients than in healthy
subjects®*®. Thus, it has been suggested that such high
leptin levels may contribute to the increased
cardiovascular risk of HD patients. The present study
aimed at evaluating the relationship between serum
leptin concentrations and the leptin/body mass index
(BMI) ratio with prevalent CVD and their influence on
all-cause and CVD-related mortality in ESRD patients
undergoing maintenance HD.

METHODS
Patients and design

This is a prospective observational study in which we
measured leptin levels and the leptin/BMI ratio and
correlated with prevalent CVD and all-cause and CVD-
related mortality. The study was performed in the
Hemodialysis Units from the Universita Cattolica del
Sacro Cuore of Rome (Italy) and from the Hospital
General of Segovia (Spain). Italian patients (n = 53)
were recruited in March 2004 (cohort 1). Spanish
patients were recruited in two phases. A group of 38
patients were studied between 1998 and 2002 (cohort 2),
and a second group of 27 patients were evaluated in
April 2008 (cohort 3). Incident patients considered
eligible and included in the study were evaluated after at
least 6 months of hemodialytic treatment. Patients were
followed until census date (December 31*, 2009), renal
transplantation or death. Median time of follow-up was
24.7 (interquartile range 15.7-68.0) months. As
expected, time of follow-up in cohort 3 (20.1 [20.1-20.4]
months) was significantly (P = 0.002) lower than those
found in cohorts 1 (46.5 [15.0-76.3] months) and 2 (40.2
[12.3-73.7] months). The study was approved by the
local ethics committees and written informed consent
was obtained from all patients before enrollment in the
study.
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Hemodialysis

All patients were receiving conventional 4-hour hemodialysis,
three times a week. The blood flow ranged from 250 to 400
ml/min with a dialysis rate flow of 500 ml/min. All patients
were treated with high-permeability membranes. Most
patients were taking recombinant human erythropoietin and
antihypertensive medications.

Cardiovascular disease definition

Patients were stratified according to the presence of
cardiovascular diseases. Patients defined as having
prevalent CVD included those with a documented history
of angina pectoris, myocardial infarction, stroke, coronary
revascularization procedures, transient cerebral ischemia,
peripheral artery surgery, and peripheral vascular disease.

Laboratory analyses

Serum leptin concentrations were measured by using a
polyclonal antibody RIA raised in rabbits against highly
purified recombinant human leptin (Linco Research, St
Louis, MO, USA). The sensitivity for this leptin assay was
0.5 ng/ml, and the coefficients of variation intra- and
interassay were 4.8% and 3.5%, respectively. The normal
values of serum leptin concentrations in a group of healthy
subjects, aged 28-70 years, was 10.0 (5.6-27.8) ng/ml. Other
laboratory measurements were performed through certified
methods in the Departments of Clinical Chemistry of the
Universita Cattolica del Sacro Cuore of Rome (Italy) and the
Hospital General of Segovia (Spain).

Statistical analysis

For mean comparisons the Kruskal-Wallis non
parametric test was used for non-normally distributed
continuous variables and analysis of variance was used
for normally distributed variables. Correlations were
calculated with the Spearman correlation coefficient.
Survival time was estimated by the Kaplan-Meier
method, with the log-rank test used to compare arms.
Multivariate Cox regression models were used to assess
the independent effects of several quantitative and
qualitative variables on the risk of death. Statistical
significance was set at the level of P <0.05.

RESULTS

A total of 118 patients (50 women) were included in this
study (table 1). Italian patients showed higher levels of
leptin/BMI in comparison with Spanish patients.
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Leptin and leptin/BMI ratio

The demographic, clinical and laboratory characteristics of
patients stratified according to the leptin/BMI ratio are
reported in table 2. In univariate analysis, the leptin/BMI
ratio was positively correlated to total cholesterol (rho =
0.298, P = 0.001) and creatinine (rho = 0.183, P = 0.047).
The multiple regression analysis confirmed that creatinine
and total cholesterol were independent factors associated
with the leptin/BMI ratio (R*=0.146, P =0.015).

Leptin/BMI and prevalent cardiovascular disease

Forty seven (39.8%) and 33 (27.9%) patients had prevalent CVD
and coronary disease, respectively, at baseline. The prevalence
of CVD and of ischemic heart disease at baseline was similar
between patients with leptin/BMI under the median value and
above the median value. The results of the multivariate logistic
regression analysis showed that there was not an independent
association between leptin/BMI ratio and CVD (table 3).
Moreover, this multivariate analysis did not show a significant
association between cohort and prevalent CVD.

Leptin/BMI and survival

During the follow-up period, 52 (44.1%) patients died. CVD
was the cause of death in 27 out of 52 (51.9%) deceased

patients. The median serum leptin concentrations and the
median leptin/BMI ratio was similar in patients who
survived (18.0; 7.0-39.1 ng/ml, and 0.73; 0.29-1.50
ng-m?*ml-kg, respectively) and in those who died (12.0; 4.9-
44 8 ng/ml, P=0.524, and 0.49; 0.26-1.94 ng'm*/ml-kg; P =
0.529, respectively). No differences were found in serum
leptin concentrations and leptin/BMI ratio between patients
who died by CVD (9.6; 4.8-57.9 ng/ml, and 0.42; 0.25-1.99
ng-m*ml-kg, respectively) and those who did not (16.1; 6.1-
39.0 ng/ml, P = 0.863, and 0.68; 0.28-1.49 ng-m*ml-kg,
P=0.985, respectively). We repeated this analysis in the three
cohorts of studied patients and found that there were no
significant relationships between leptin or leptin/BMI and
mortality (data not shown).

Kaplan-Meier analysis (figure 1) showed that patients with
leptin levels above the median values showed mean survival
times for all-cause mortality and for CVD-related mortality
which did not significantly differ from those found in
patients with leptin concentrations under the median value.
In a similar way, patients with leptin/BMI above the median
values showed a mean survival times for all-cause mortality
and for CVD-related mortality similar to those found in
patients with leptin/BMI under the median value.

We performed a Cox proportional hazards regression
multivariate analysis including the covariate cohort because
of the significant differences found among cohorts in
leptin/BMI levels and mortality rates (table 1).This analysis

Table 1. Demographic, clinical and laboratory characteristic of the three cohorts of studied patients

Variable Cohort 1 Cohort 2 Cohort 3 P
Italy 2004 Spain 1998 Spain 2008
(n =53) (n =38) (n=27)

Age (yr) 62 (51-72) 64 (55-68) 73 (68-78) 0.001
Female sex 21 (39.6) 16 (42.1) 13 (48.1) 0.766
Duration of dialysis (mo) 36 (12-90) 31 (14-62) 35 (17-60) 0.995
Diabetes mellitus 7(13.2) 10 (26.39) 10 (37.0) 0.033
Cardiovascular disease 18 (34.0) 16 (42.1) 13 (48.1) 0.444
Coronary artery disease 15 (28.3) 11 (28.9) 7 (25.9) 0.962
Hypertension 37 (69.8) 29 (76.3) 22 (81.5) 0.504
Body mass index (kg/m?) 23.7+3.8 25.2+3.9 24.4+4 3 0.197
Creatinine (mg/dl) 10.7+2.6 92+22 7.1£1.5 <0.001
C-reactive protein (mg/l) 3.7 (2.2-8.4) 7.3(2.7-18.3) 0.9 (0.3-1.7) <0.001
Albumin (g/dl) 38+0.3 39x04 3.7£0.3 0.060
Total cholesterol (mg/dl) 154 (130-185) 178 (137-199) 142 (128-179) 0.023
Leptin (ng/ml) 23.4 (7.0-64.2) 9.7 (4.7-31.9) 12.3(5.8-31.1) 0.113
Leptin/BMI (ng-m?ml-kg) 1.02 (0.34-2.55) 0.39(0.22-1.17) 0.51(0.25-1.17) 0.044
All-cause deaths 23 (43.4) 24 (63.2) 5(18.5) 0.002
CVD deaths 15 (28.3) 11 (28.9) 1(3.7) 0.016

Data are presented as number of patients (percentage), median (interquartile range) or mean = SD.

208

Nefrologia 2011;31(2):206-12



J.J. Diez et al. Leptin and mortality in HD

originales

Table 2. Demographic, clinical and laboratory characteristic of the patients included in the study stratified according

to the leptin/BMI ratio

Variable All patients Leptin/BMI Leptin/BMI
(n =118) <median >median
(n =59) (n =59)
Age (yr) 65.1 (54.7-72.2) 64.2 (54.0-72.5) 66.0 (56.0-72.0)
Female sex 50 (42.4) 15 (25.4) 35 (59.3)
Primary cause of ESRD:
Hypertension 21 11 10
Glomerulonephritis 22 10 12
Diabetes 23 7 16
Interstitial nephritis 5 4
Polycystic renal disease 7 2
Unknown 22 14 8
Other etiologies 12 5 7
Duration of dialysis (mo) 36.0 (12.9-61.5) 28.9(12.0-71.4) 36.0 (15.0-60.8)
Diabetes mellitus 27 (22.8) 9(15.3) 18 (30.5)
Cardiovascular disease 47 (39.8) 25 (42.4) 22 (37.3)
Coronary artery disease 33(27.9) 16 (27.1) 17 (28.8)
Hypertension 88 (74.6) 47 (79.7) 41 (69.5)
Body mass index (kg/m?) 24.3+3.9 22.8+3.4 25.8+4¢
Creatinine (mg/dl) 9.38 £ 2.66 896 +2.64 9.80 + 2.63
C-reactive protein (mg/l) 3.82 (1.2-8.3) 4.63 (1.26-10.79) 2.95 (0.96-7.52)
Albumin (g/dl) 3.83 +£0.33 3.82 +0.36 3.83 +0.30

Total cholesterol (mg/dl)

153 (134-188)

145 (128-179)

176 (141-192)°

Data are presented as number of patients (percentage), median (interquartile range) or mean = SD.

°P <0.05; * P <0.001; <P <0.001.

showed that leptin/BMI was not an independent risk factor
for all-cause and CVD-related mortality (table 4).

DISCUSSION

Our results show that there is no significant relationship
between serum leptin or the leptin/BMI ratio and the
presence of CVD or coronary artery disease at baseline.
Moreover, our follow-up data also show a lack of
relationship between serum leptin or the leptin/BMI ratio
and all-cause and cardiovascular mortality. Our cross-
sectional data are in agreement with our previous study that
showed that leptin/BMI was not related to prevalent CVD™.
On the contrary, our longitudinal study results clearly differ
from those reported by Scholze et al.". Discrepancies may
be accounted for by differences in the genetic background of
studied patients, confounding influences of covariates, and
different laboratory procedures. Furthermore, we used leptin
values corrected by BMI because leptin is a sensor of body
fat mass and a correlation between leptin levels and BMI has
been demonstrated both in healthy subjects' and in uremic
patients'.

Nefrologia 2011;31(2):206-12

Leptin increases sympathetic activity", promotes vascular
smooth muscle cells proliferation, increases oxidative stress
and has prothrombotic activity’. Furthermore, leptin has
been related to coronary artery calcification in type 2
diabetic patients'* and with several CV risk factors and
vascular dysfunction in humans”. The WOSCOP study'
have reported an association between leptin and the risk of
CVD. However, a recent meta-analysis showed only a
moderate association between leptin levels and the risk of
coronary heart disease, which is largely dependent of BMI".
In agreement with this we could not demonstrate any
significant association of leptin/BMI with CVD mortality.

A possible explanation to the lack of relationship between
leptin and mortality in HD patients might be found in the
reverse epidemiology of the cardiovascular risk factors
which is frequently observed in patients with ESRD'".
Numerous reports have suggested that an increase in BMI is
correlated with an increased survival in HD patients'*?.
In fact, recent European guidelines consider that BMI under
23 kg/m?® is suggestive of malnutrition in HD patients®'. In
this context, high leptin levels can be considered as a marker
of overnutrition and, therefore, associated to a favourable
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Table 3. Multivariate logistic regression analysis showing the influence of several qualitative and quantitative variables
on the presence of CVD at the time of inclusion in the study

Independent Variables Odds ratio 95% Cl P value
Age (yr) 1.08 1.03-1.13 0.001
Diabetes 6.41 2.08-19.77 0.001
Hypertension 3.45 1.14-10.44 0.028
Leptin/BMI (ng-m?ml-kg) 1.04 0.76-1.43 0.802
Cohort Spain 1998 1.15 0.41-3.26 0.789
Cohort Spain 2008 0.58 0.16-2.02 0.390

Data are odds ratios and 95% confidence intervals.

prognosis. Another possible explanation is that the
actions of leptin on the cardiovascular system are not
always detrimental. For example, although elevated
leptin levels have been associated with poor vascular
compliance in adolescents” and impaired coronary
vasoreactivity in otherwise healthy young obese subjects?,
some evidences suggest that leptin may have both
vasoconstrictor and vasodilator effects through endothelium-

dependent mechanisms®. Lastly, it is also conceivable that
the prognostic value of serum leptin is different in the
general population than in dialysis patients, as it has been
suggested for adiponectin®.

Our study has some strengths and limitations. First, this is
the first multicenter study assessing leptin values in HD
patients and is also the first study that analyzes corrected

All-cause mortality CVD mortality
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Figure 1. Kaplan-Meier survival analysis for all-cause mortality (left panels) and CVD-related mortality (right panels) in 118 HD
patients stratified according to the serum leptin concentrations (upper panels) and the leptin/BMI ratio (lower panels).
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Table 4. Multivariate Cox regression analysis for all-cause and cardiovascular disease-related mortality

Covariates All-cause Mortality CVD Mortality

Hazard ratio P value Hazard ratio P value

(95% C.1.) (95% C.1.)

Sex 1.66 (0.81-3.40) 0.170 1.77 (0.61-5.17) 0.297
Age (yr) 1.03 (0.99-1.06) 0.108 1.04 (0.99-1.10) 0.147
Diabetes 3.11 (1.45-6.66) 0.004 6.33 (2.09-19.20) 0.001
Hypertension 0.33(0.16-0.68) 0.003 0.24 (0.08-0.72) 0.011
Cardiovascular disease 3.36 (1.66-6.70) 0.001 8.29 (2.63-26.15) <0.001
Leptin/BMI (ng-m%ml-kg) 0.90 (0.71-1.14) 0.392 0.80 (0.54-1.17) 0.239
Cohort Spain 1998 1.24 (0.65-2.37) 0.510 0.74 (0.27-1.98) 0.545
Cohort Spain 2008 0.48 (0.14-1.60) 0.231 0.06 (0.01-0.66) 0.022

For categorical variables, reference hazard ratio (HR = 1) for female sex, absence of diabetes, hypertension and cardiovascular disease, and cohort

[taly 2004.

leptin values in relation to all-cause and CVD-related
mortality in these patients. A limitation of our study comes
from the fact that classification of cardiovascular disease was
made on the basis of clinically manifest event, and therefore
the true prevalence of atherosclerotic disease may be
underestimated. We could not correct leptin concentrations
by fat mass, although we did correct for BMI values.
Another limitation is its low statistical power and the fact
that we studied three cohorts of patients at three different
baseline times and, therefore, with different times of follow-
up and mortality rates, and also with differences in some
clinical and biochemical characteristics. In fact, in
comparison with cohorts 1 and 2, cohort 3 patients had older
age, higher proportion of diabetes and lower levels of
creatinine and cholesterol. All-cause and CVD mortality was
lower in cohort 3, a fact in direct relationship with the lower
follow-up period in this cohort. However, laboratory
procedures for leptin measurement and clinical protocols for
patients follow-up were the same. Furthermore, survival
analysis performed in the three cohorts of patients separately
did not show any significant relationship between
leptin/BMI and all-cause or cardiovascular mortality.

The clinical corollary of our study would be stopping the
qualification of leptin as a cardiovascular risk factor in HD
patients. In a similar way, leptin has been considered by
some authors as a causal factor of cachexia in uremic
patients. However, previous data from our group showed not
only a correlation between leptin and BMI, but also a direct
relationship between this hormone and albumin, transferrin
and cholesterol'*>**. Besides, our patients with anorexia
exhibited low, rather than high, serum leptin levels®.

In conclusion, in this population of stable HD patients,
obtained results do not support the hypothesis that serum

Nefrologia 2011;31(2):206-12

leptin and leptin/BMI ratio are related with prevalent CVD
and are risk factors for all-cause and cardiovascular
mortality.
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