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Abstract

Background. Recent research has clarified the relationship between adipokines, metabolic syn-
drome (MS) and cardiovascular disease (CVD). The results of animal and clinical studies have re-
vealed a positive relationship between leptin and vascular smooth muscle cell counts and
calcification, arterial rigidity, carotid thickness and the incidence of CVD. However, despite leptin
fulfilling the definition of a uremic toxin, its exact role in chronic kidney disease (CKD) has yet to
be determined.

Methods. One hundred and forty-two CKD patients (stages 2-5D) participated in this study, and
were followed for a minimum of 20 months at Amiens University Medical Center.

Results. Leptin was negatively correlated with the glomerular filtration rate (GFR), total adiponec-
tin (TAdip) and high-molecular weight adiponectin and positively correlated with age, waist cir-
cumference, body mass index (BMI), aortic calcification score (ACS), C-reactive protein (CRP),
triglycerides, insulin and parathormone (PTH). Leptin and insulin were significantly correlated
with the MS score. The BMI, insulin, MS score and PTH were independent predictors of leptin
levels (P=0.002, 0.016, 0.028 and 0.017, respectively). Leptin, insulin and TAdip were independent
predictors of the presence of MS (P=0.05, 0.04 and 0.04). However, leptin levels were not signifi-
cantly predictive of the clinical outcomes.

Conclusions. Our study was the first to demonstrate a significant, independent link between
leptin and MS (but not clinical outcomes) and PTH in patients at different CKD stages. Future
studies will have to assess the involvement of leptin in MS and clinical outcomes in CKD, and the
potential modulation of leptin by PTH.
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Introduction uremic toxins) that may interact negatively with biologi-

cal functions [2]. To this end, the role of leptin in the

Over the last two decades, the introduction of techno- context of CKD has been studied extensively.

logical and medical innovations in the treatment of
chronic kidney disease (CKD) has failed to translate into
markedly longer patient survival times. Indeed, mortality
due to cardiovascular disease (CVD) remains unaccepta-
bly high in CKD patients and so minimizing this par-
ameter is one of the nephrologist’s greatest challenges.
This context is especially problematic because CKD per
se is a cause of cardiovascular morbidity and mortality
[1]. Given that classical risk factors can only partially
explain the high rates of CVD mortality observed in CKD
populations, researchers have been prompted to study
particular factors in the uremic environment (such as

At the cellular level, leptin raises alkaline phosphatase
activity and stimulates the proliferation, migration and
calcification of vascular smooth muscle cells [3, 4]. For
the most part, clinical studies have found a positive cor-
relation between leptin and cardiovascular parameters
(such as an increase in arterial rigidity [5] or CVD [6, 71,
whereas others have not [8, 9]). However, these studies
did not specifically involve CKD patients.

In fact, leptin’s role in CKD is complex. Given that leptin
fulfills the definition of a uremic toxin [2], one can
reasonably speculate about the hormone’s influence on
the clinical outcomes of CKD patients. Hence, in view of
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the known relationship between high leptin levels and
CVD in other contexts, reducing blood levels (e.g. by hae-
modidfiltration) in CKD might have a beneficial impact on
the clinical outcomes.

In contrast, Scholze et al. [10] found that a low leptin
level was an independent predictor of mortality in hae-
modialysis patients; this may mean that high leptin
levels are associated with better outcomes. Similarly, a
study by Kalantar-Zadeh et al. [11] suggested that being
obese (having more leptin, in other words) is a survival
advantage in haemodialysis patients. ‘Reverse epidemiol-
ogy’ has been invoked as an explanation for these coun-
terintuitive observations, on the basis that risk factors in
the general population may be protective factors in par-
ticular patient groups, such as the haemodialysis
population.

However, a number of studies have failed to support
this ‘reverse epidemiology’. In Dutch study of haemodia-
lysis patients, the researchers did not find any survival
advantage in obese subjects [12]. It is noteworthy that
neither the North American study nor the Dutch cohort
study took account of leptin levels or included patients at
earlier CKD stages [11, 12].

In addition to the unresolved issue of leptin and clinical
outcomes in CKD patients on dialysis, data on leptin’s
role in early stages of CKD and its correlation with meta-
bolic syndrome (MS) are scarce. Some researchers have
suggested that leptin is an independent component of
MS [13, 14] because of the hormone’s relationship with
insulin resistance and waist circumference [15]. However,
there is presently a lack of consensus on this question.

Hence, the objective of the present study was to inves-
tigate putative links between leptin, MS and clinical out-
comes by evaluating biochemical and clinical parameters
(including vascular calcification scores, inflammatory and
bone markers and overall and cardiovascular mortality)
in a cohort of stage 2-5D CKD patients.

Subjects and methods

Patient selection

Over an 18-month period (from January 2006 to June
2007), 150 Caucasian CKD patients were recruited from
the Nephrology Department’s outpatient clinic at Amiens
University Medical Center. All patients gave their in-
formed, written consent to participation. The study was
approved by the local Institutional Review Board and per-
formed in accordance with the precepts of the Declara-
tion of Helsinki.

Included patients had to be over the age of 40, with a
confirmed diagnosis of CKD (defined as being on haemo-
dialysis or having two previous, estimated creatinine
clearance values <90 mL/min/1.73 m?, as calculated ac-
cording to the Cockcroft-Gault formula and with an inter-
val of 3-6 months). Stage 5D-CKD patients had been on
chronic haemodialysis (three times a week, >3 months).
The exclusion criteria were the presence of chronic
inflammatory disease, atrial fibrillation, complete heart
block, abdominal aorta aneurysm, an aortic and/or
femoral artery prosthesis, primary hyperparathyroidism,
kidney transplantation and an acute cardiovascular event
in the 3 months prior to screening for inclusion. The 142
patients who met all the inclusion criteria and had
available data for plasma leptin, total adiponectin
(TAdip), high-molecular weight adiponectin (HMWAdip)
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and insulin were included in this analysis. In order to
compare the plasma leptin levels values from this cohort
with the reference range, we used a control group with
apparently normal healthy subjects (n=10).

Study protocol

All patients were day-hospitalized in order to perform
laboratory blood tests, blood pressure measurements,
pulse wave velocity determination, a lateral lumbar X-ray
and multislice spiral computed tomography (ms-CT). For
a given patient, all examinations were performed
between 9:00 am and 2:00 pm on the same day. Haemo-
dialysis patients were seen on a dialysis-free day or in the
morning before the dialysis session. A patient’s interview
was conducted focusing on comorbidities and disease
history, both in general and previous vascular events. The
patients’ medical files were reviewed in order to identify
and record any concomitant medications. For descriptive
purposes, patients who reported current use of insulin
and/or orally administered hypoglycaemic drugs were
considered to be diabetics. Previous CVD was defined as
a history of any of the following events: myocardial
infarction, stroke, heart failure, angina pectoris or
surgical procedures for angina or coronary/peripheral
artery disease (including percutaneous-transluminal
angioplasty).

The MS score was calculated in accordance with the
Executive Summary of the Third Report of the National
Cholesterol Education Program [16]. One point was attrib-
uted to each of the following variables: waist circumfer-
ence (men >102 cm; women >88 cm), triglycerides (>1.5
g/L), HDL cholesterol (men <0.4 g/L; women <0.5g/L)
and blood pressure (>130 % 85 mmHg or antihypertensive
agents use). For the last scoring point, we used the diag-
noses of diabetes mellitus [according to the World Health
Organization (WHO) criteria] [17], instead of the fasting
glucose level, to get homogeneous criteria since not
all patients had their fasting glucose levels available
(particularly patients on haemodialysis). Lastly, we con-
sidered malnourished-inflamed (MI) patients to be those
with plasma albumin levels <35 g/L and plasma C-reactive
protein (CRP) levels >2.0 mg/dL.

Laboratory tests

Blood samples were collected in the morning, before any
other investigations were undertaken. Selected assays
were performed after the samples had been frozen and
stored at —80°C. Serum calcium, phosphate, albumin,
cholesterol, haemoglobin, creatinine (Scr) and CRP levels
were assayed in an on-site biochemistry laboratory using
standard auto-analyzer techniques (Modular ITP® system,
Roche Diagnostics, Basel, Switzerland). Serum intact
1-84-parathormone (PTH) was determined in a chemilu-
minometric immunoassay (Liaison N-tact PTH CLIA®, Dia-
sorin, Stillwater). The plasma concentrations of leptin,
TAdip, HMWAdip and insulin were determined in the same
laboratory by using an ELISA. The leptin and the insulin
assay were manufactured by DRG Diagnostics (Marburg,
Germany), whereas the adiponectin kit was supplied by
ALPCO Diagnostics (Salem). The laboratory’s reference
values in apparently healthy individuals were 3.84+1.79
ng/mL (males)/7.36£3.73 ng/mL (females) for leptin;
430+1.76 pg/mL  (males)/6.62 +3.04 pg/mL  (females)
for TAdip; 1.62*+1.02 pg/mL (males)/3.24 +2.13 pg/mL
(females) for HMWAdip and 2-25 pIU/mL for insulin
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(calibrated against the WHO approved reference material
NIBSC-66/304).

Serum cystatin C (CysC) levels were determined by
immunonephelometry (N Latex Cystatin C® Dade
Behring, Marburg, Germany). In order to describe the
true glomerular filtration rate (GFR), the estimated GFR
combining Scr and CysC measurements (‘CKD-epi’) was
calculated for all non-dialyzed patients according to
the following, recently gublished equation: 177.6 %
Scr 085 x CysC%%"x age™%%°x (0.82, if female) [18]. For
descriptive purposes, patients were then classified into
CKD stages according to the National Kidney Foun-
dation’s Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines [19].

Pulse wave velocity evaluation

The carotid-femoral PWV was determined automatically
with a dedicated, validated device (Complior Colson, Cre-
atech Industrie, Massy, France), as previously described
[20]. The PWV was evaluated with two pressure probes by
a trained physician. Simultaneously recorded pulse wave-
forms were obtained transcutaneously over the common
carotid artery and the femoral artery in the groin. The
PWV was calculated as the distance between recording
sites measured over the body’s surface (L), divided by
the time interval (t) between the feet of the flow waves
(PWV =L/t); this result was averaged over 10 cardiac cycles
[21]. This method has been validated previously and has
an intraobserver repeatability coefficient of 0.93 and an in-
terobserver reproducibility coefficient of 0.89 [20, 21].

Abdominal aorta imaging with plain radiography

A technique similar to that described by Kauppila et al.
[22] was used to obtain images of the lower abdominal
aorta and generate an aortic calcification score (ACS). All
X-rays were reviewed by two independent investigators
and a consensus on the interpretation was reached in all
cases.

Multislice spiral computed tomography

In order to quantify the presence and extent of aortic
calcifications, each patient underwent an ms-CT scan. All
examinations were performed with a 64-detector CT
scanner (Lightspeed VCT®, GE Healthcare, Milwaukee,
WI). The volume acquisition started at the aortic hiatus
of the diaphragm and ended at the third lumbar vertebra.
The scanning parameters were as follows: collimation,
64%0.625 mm; slice thickness, 0.625 mm; pitch, 1;
gantry rotation speed, 0.5 s/rotation; tube voltage, 120
kV; tube current, 300 mA.

The volume acquisition was analysed with commer-
cially available software (Volume Viewer®, GE Health-
care). The abdominal aorta was segmented manually. In
order to reduce errors due to noise, a threshold of 160
UH was applied. The total calcification volume was calcu-
lated as the sum of all voxels in the remaining volume.
The abdominal aorta calcification score was calculated as
follows: [(total calcification volume)/(aorta wall surface
area) X 100)].

Bone density was measured halfway through the twelfth
thoracic vertebra. The CT image analysis was based on the
conversion of the bone tissue attenuation (measured in
Hounsfield units) into grams of hydroxyapatite per cubic
centimeter of bone [23]. In the absence of a mineral
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reference phantom in the present study, we measured tra-
becular bone attenuation—the best surrogate marker of
density we could provide and the core measurement that
all CT programs use to determine bone mineral density.
Bone attenuation was assessed by an experienced radiol-
ogist from Amiens University Medical Center.

Survival

Death records were established prospectively by consider-
ing all patients included at least 20 months before the
study end date (i.e. before 1 January 2010). Each medical
chart was reviewed and the cause of death was assigned
by a physician on the basis of all the available clinical
information. For out-of-hospital deaths, the patient’s
family doctor was interviewed to obtain pertinent infor-
mation on the cause. Cardiovascular mortality was
defined as any death directly related to cardiovascular
system dysfunction (stroke, myocardial infarction, con-
gestive heart failure or sudden death). Cardiovascular
events were defined as cardiovascular death or any
adverse event directly related to cardiovascular system
dysfunction (stroke, angina pectoris/myocardial infarc-
tion, congestive cardiac failure, peripheral ischaemia or
new-onset arrhythmia) or surgical procedures for angina
or coronary/peripheral artery disease.

Statistical analysis

Data were expressed as the mean*SD, median and
range or frequency, as appropriate. For descriptive and
analytical purposes, patients were stratified according to
the median serum leptin level for the entire cohort
(serum leptin <11.42 ng/mL versus serum leptin >11.42
ng/mL). Intergroup comparisons were performed using
a z° test for categorical variables and Student’s t-test or
a Mann-Whitney test for continuous variables. Pearson’s
correlation coefficient or Spearman’s rank correlation was
used to assess the relationships between serum leptin
levels (log normalized) and selected clinical or biochemi-
cal variables. For variables with a non-Gaussian distri-
bution, log-normalized values were considered in tests
that required normally distributed variables. A multi-
variate stepwise linear regression analysis was performed
to identify variables that were independently correlated
with serum leptin levels. Variables selected in a univari-
ate regression [age, body mass index (BMI), triglycerides,
CRP, insulin, ACS, TAdip, CKD stage, PTH and MS score]
were included in a multivariate model. Variables related
to MS in a univariate regression but not used to calculate
the MS score (haemoglobin, interleukin-6, leptin, insulin,
albumin, total adiponectin and CKD stage) were included
in the multivariate model to determine independent par-
ameters associated with MS. A Kaplan-Meier actuarial
curve was used to estimate overall and cardiovascular
mortality as a function of the median leptin level and the
MS score (ranging from 0 to 4) for the study population.
The log-rank test was used to test intercurve differences.
The threshold for statistical significance was set to
P<0.05. All statistical analyses were performed using
SPSS software (version 13.0, SPSS Inc., Chicago).

Results

In comparison with control data from healthy subjects,
the CKD population had higher mean plasma leptin
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levels. When the analysis was restricted to pre-dialysis
patients, we observed a significant, inverse correlation
between leptin levels and the GFR (Figure 1).

Tables 1 and 2 show the baseline characteristics of 142
patients (mean age=67+12) as a function of the
median leptin level (11.42 ng/mL). Patients with leptin
levels >11.42 ng/mL were more likely to be at a later CKD
stage, to be female and to have a higher waist circumfer-
ence, BMI, ACS and higher insulin, CRP, total and low
density lipoprotein (LDL) cholesterol, triglycerides and
PTH levels but lower TAdip levels.

We found that leptin was positively correlated with age
(r*=0.206, P=0.014), waist circumference (r’=0.547,
P=0.001), BMI (r*=0.651, P=0.001), CRP (r*=0.231,
P=0.006), interleukin-6 (r>=0.214, P=0.016), insulin
(r*=0.428, P=0.001), triglycerides (r>=0.298, P=0.001),
platelets (r?=0.175, P=0.037) and PTH (r>=0.305,
P=0.001) and negatively correlated with TAdip
(r*=-0.192, P=0.022), HMWAdip (r*=-0.165, P=0.05)
and GFR (estimated by CysC in pre-dialysis patients only)
(r*=-0.304, P=0.003). In terms of vascular measure-
ments, there was a positive correlation between the
leptin level and the ACS (r*=0.167, P=0.05). Leptin was
not significantly associated with coronary calcification or
bone mineral density.

Table 3 shows the mean serum leptin, TAdip, HMWAdip
and insulin levels as a function of the MS score. As the MS
score increased, we observed a gradual but significant in-
crease in leptin and insulin levels. Patients with an MS
score of 1 differed significantly from those with a score of
0 in terms of the mean TAdip and HMWAdip values. The
same was true when comparing an MS score of 1 with an
MS score of 2-4. It is noteworthy that none of the patients
had the highest possible MS score of 5.

We performed a multivariate, stepwise, linear regression
analysis in order to identify independent determinants of
(i) plasma leptin levels and (ii) the MS score (Table 4). Only
BMLI, insulin, MS score and PTH were independent predic-
tors of (log-normalized) serum leptin levels (P=0.002,
0.016, 0.028 and 0.017, respectively). Only leptin, insulin
and TAdip were independent predictors of the MS score
(P=0.05, 0.04 and 0.04, respectively).
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During the follow-up period (mean duration: 969 + 374
days; median duration: 1058; range: 10-1396), 44
patients died (24 of whom died from CVD). In the cohort
as a whole, a leptin level of >11.42 ng/mL was not a sig-
nificant predictor of overall mortality, cardiovascular mor-
tality or cardiovascular events (log-rank comparison
between curves: P>0.05) (Figure 2). Similarly, serum
insulin and TAdip did not have predictive values (data
not shown). These same findings were observed when
considering only pre-dialysis patients or only non-MI
(nMI) patients (log-rank comparison between curves:
P>0.05).

Lastly, we observed a significantly higher overall mor-
tality rate in MI patients (n=35) than in nMI patients
(n=107) (with 16 and 28 deaths, respectively; log-rank
comparison between curves: P=0.02). However, these
two groups did not differ significantly in terms of the
median (range) leptin level [16.14 (1.91-53.5) versus
10.29 (1.78-43.1), respectively; P>0.05]. Also, leptin did
not predict mortality even in nMI patients.

Discussion

Our study confirmed that leptin levels are elevated in
CKD patients and that these levels rise progressively
with decreasing GFR. Leptin levels were significantly and
positively correlated with inflammatory markers (inter-
leukin-6 and CRP) and factors closely related to MS (waist
circumference, triglycerides and insulin). A gradual but
statistically significant increase in leptin and insulin levels
was observed as the MS score increased; a multivariate,
stepwise, linear regression analysis confirmed that leptin
was an independent predictor of MS. Moreover, we found
that PTH was an independent determinant of plasma
leptin levels, together with well-known classical determi-
nants of leptin levels (such as BMI or insulin). However,
we failed to demonstrate that leptin was a significant
predictor of the clinical outcome in stage 2-5D CKD
patients.

The relationship between leptin and inflammation in
CKD was first characterized about 15 years ago [24].
Leptin promotes a Thl-mediated immune response and

Fig. 1. (A) Serum leptin levels as a function of the CKD stage (*#P<0.05 when comparing CKD stages 2 and 3 with stages 4 and 5, and when
comparing the control group with CKD stages 4 and 5). (B) The linear relationship between serum leptin levels and the estimated GFR, for CKD stages 2-
5 (n=96, r* = —0.304, P=0.003). Control group with apparently normal healthy subjects (n=10).
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Table 1. Clinical and demographic characteristics of the study population®
Leptin
<11.42 ng/mL >11.42 ng/mL
All (n=142) (n=71) (n=71) P
Age, years 67+12 65+13 69+12 0.06
Male gender, n (%) 86 (60) 56 (79) 30 (42) 0.001
BMI(kg/m?) 28+6 25+5 31+6 0.001
Waist circumference (cm) 100+ 15 93+13 106+ 14 0.001
Presence of CVD, n (%) 45 (32) 20 (28) 25 (35) 0.471
ACS on CT (%) 3.0+3.0(1.85) 2.5+2.6(1.58) 3.5+3.3(2.32) 0.111
Bone mineral density (HU) 130.4+48.2 132+47 128 £50 0.448
Smoking habit, n (%) 17 (12) 14 (20) 3 (4) 0.004
Diabetes mellitus, n (%) 60 (42) 26 (37) 34 (48) 0.234
Systolic arterial pressure (mmHg) 153+26 150+ 25 156 +27 0.226
Diastolic arterial pressure (mmHg) 81+12 81+13 81+12 0.948
CKD stage, n (%) 0.004
2 12 (8) 10 (14) 2(3)
3 37 (26) 20 (28) 17 (24)
4 37 (26) 13 (18) 24 (34)
5 10 (7) 4 (6) 6 (8)
5D 46 (32) 24 (34) 22 (31)
“Data are expressed as the mean * SD or, for binary variables, the number (frequency). Between-group comparisons were made using the non-
parametric Mann-Whitney test for continuous variables and Fisher’s exact test for categorical variables.
ACS, Aortic calcification score; BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; CT, computed tomography; HU,
Hounsfield units.
Table 2. Biochemical characteristics of the study population®
Leptin
All (n=142) <11.42 ng/mL (n=71) >11.42 ng/mL (n=71) P-value
GFR®, mL/min/1.73 m? 35+19 40.42 £20.71 30.05+15.76 0.016
Leptin, ng/mL 29.58+36.1 (11.42) 2.79+2.98 (1.82) 56.38 +34.15 (43.57) NA
Total adiponectin, pg/mL 10.56 £5.91 11.57 +6.42 9.38+5.14 0.031
HMW adiponectin, pg/mL 5.50*4.24 6.29+4.81 4.72+3.46 0.027
Insulin, pu/mL 29.3+235 20.6+17.8 38.1+253 0.001
Triglycerides, mMol/L 2.03+13 1.57+0.8 2.46+15 <0.0001
Total cholesterol, mMol/L 49111 4.60+1.15 5.12+1.11 0.009
LDL cholesterol, mMol/L 2.62+0.9 2.46+0.8 2.78+0.9 0.04
CRP, mg/L 11.2+24 (3.5) 9.5+19.3 (2.12) 12.9+27.8 (4.26) 0.01
Interleukin-6, pg/mL 5.25+7.9 4.18+4.21 6.24+10.11 0.183
Calcium, mMol/L 2.29+0.18 2.26+0.19 2.31+0.17 0.101
Phosphate, mMol/L 1.28 +0.46 1.33+0.53 1.24+0.37 0.212
Intact PTH, pg/mL 137 +137 (85) 116 £ 138 (78) 159 +135 (121) 0.01
Albumin, g/L 37464 36.9+7.2 37.9%55 0.506
Haemoglobin, g/dL 12.1+1.7 12.24+1.81 11.94*+1.66 0.48
“Data are expressed as the mean * SD and, for variables with a non-Gaussian distribution, the median.
PTH, parathyroid hormone; CRP, C-reactive protein; GFR, glomerular filtration rate; HMW, high-molecular weight; LDL, low density lipoprotein.
®Calculated for patients at CKD stages 2-5 (n =96).
Table 3. Adipokines and insulin levels as a function of the MS score
MS score
0(n=6) 1(n=25) 2 (n=47) 3 (n=39) 4 (n=25) P-value
GFR-epi® 48.1+16.1 35.2+24.7 36.5+18.5 36.9+18.8 25.6 +10.4°<¢
Leptin 8.5116.5 9.5%+22.3 23.1%34.4° 42 +370¢e 473 +38.4P¢¢ <0.001
TAdip 8.8+6.1 14.3+6.5° 10.5+5.5¢ 8.8+ 4° 10+6.9¢ 0.006
HMWAdip 4341 7.8+4.6° 5.3+3.6° 4.1+2.4° 5.8+6° 0.014
Insulin 14.8+9.9 17.1+13.8 25.8+22.2¢ 37.2£26.6%¢ 38.9+22.95%¢¢ <0.001

“Calculated for patients at CKD stages 2-5 (n =96). For units, please see Table 2.

®0 versus 1, 3, 4, P<0,05.
€2 versus 3, 4, P<0,05.
43 versus 4, P<0,05.

€1 versus 2, 3, 4, P<0,05;

GFR, glomerular filtration rate; TAdip, total adiponectin; HMWAdip, high-molecular weight adiponectin.

upregulates the production of inflammatory cytokines in
human monocytes [25]. Persistent inflammation is a
common state in CKD and is associated with an adverse

outcome [26]. Furthermore, insulin resistance (an impor-
tant factor in MS) is also associated with elevated levels
of pro-inflammatory cytokines [27]. Our data confirmed
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that leptin was positively correlated with inflammatory
markers and was an independent predictor of MS.

Some authors have suggested that leptin is an inde-
pendent component of MS. However, there are few
reliable data on the association between leptin and MS in
general and in CKD in particular [13, 14, 28]. To the best

Table 4. Multivariate stepwise linear regression: determinants of serum
leptin levels (log-normalized) and the MS score

Items B (95% CI) P-value
Leptin levels (log-normalized)®
BMI 0.294 (0.041-0.182) 0.002
Insulin 0.189 (0.002-0.033) 0.028
MS score 0.233 (0.088-0.839) 0.016
PTH 0.198 (0.001-0.005) 0.017
MS score®
Leptin 1.012 (1.000-1.024) 0.05
Insulin 1.020 (1.001-1.040) 0.04
TAdip 0.925 (0.856-0.999) 0.04

°R? for the model =0.324. BMI: bone mass index; PTH: parathyroid
hormone; MS: metabolic syndrome. Variables included in the model: age
(per 1 year increment), bone mass index (per 1 kg/m? increment),
triglycerides (per 1 mmol/L increment), CRP (per 1 mg/L increment),
insulin (per 1 uU/mL increment), ACS (per 1% increment), total
adiponectin (per 1 ug/mL increment), CKD stage (per 1 stage increment),
parathyroid hormone (per 1 pg/mL increment) and metabolic syndrome
score (per 1 score increment).

5R2 for the model = 0.290. TAdip: total adiponectin. Variables included in
the model: haemoglobin (per 1 g/dL increment), interleukin-6 (per 1 pg/
mL increment), leptin (per 1 ng/mL increment), insulin (per 1 uU/mL
increment), albumin (per 1 g/dL increment), total adiponectin (per 1 ug/
mL increment) and CKD stage (per one stage increment).
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of our knowledge, the present study is the first to show
that leptin is an independent predictor of MS in patients
at different CKD stages. We were not surprised to find
that the insulin level was also an independent predictor
of MS, in view of the close relationship between insulin
resistance and MS.

Our findings raise an important issue because leptin
may be considered as a potential, independent thera-
peutic target in CKD patients, along with the other com-
ponents of MS (such as blood pressure or triglyceride
levels). From an interventional standpoint, it is known
that leptin levels can be reduced by haemodidfiltration or
the administration of retinoic acid, vitamin D3 or anti-
body against the leptin receptor [29-31]. However, the
long-term effects of this intervention have not been
studied. This issue does not prove the causality and
remains at the level of hypothesis with the need for
further studies.

Our study also provided information on determinants
of plasma leptin levels: BMI, insulin, the MS score and
PTH levels were found to be independent predictors. It is
known that the BMI (as a proxy for fat mass) is correlated
with leptin levels [32]. High insulin also appears to in-
crease free leptin; hence, the combination of an elevated
fat mass with insulin resistance may contribute to an
elevation of serum leptin levels [33]. In view of the invol-
vement of adipose tissue and insulin in the regulation of
leptin, it is reasonable to assume that leptin and MS are
closely interrelated. The significance of this relationship
was confirmed by our multivariate stepwise regression
analysis: leptin appeared to have a role in MS and vice
versa.

Fig. 2. Kaplan-Meier estimates of the probability of (i) overall cumulative survival and (i) cardiovascular cumulative mortality for all patients, as a
function of the median leptin level (P>0.05, in the log-rank comparison between curves).



The impact of leptin levels in CKD

An interesting finding from the present study is that
PTH was one independent determinant of leptin levels
along the CKD stages. A variety of reports have suggested
the existence of a relationship between PTH and leptin;
however, the causal nature of the relationship has not
been established. In leptin-deficient, obese mice, leptin
administration increased PTH levels [34]. Bolland et al.
[35] observed that fat mass is an important determinant
of PTH levels in postmenopausal woman. Furthermore,
Maetani et al. [36] showed that variance in PTH levels is
related to leptin levels. In the general population, obesity
is also associated with higher PTH levels [37, 38] as well
as in patients with CKD [39, 40]. Furthermore, measure-
ments of body composition suggest that the high PTH
associated with an elevated BMI is directly related to the
higher adiposity of these individuals [37]. These findings
suggest that fat mass may (through leptin) lead to al-
terations in the parathyroid glands. If leptin is able to
regulate PTH, there must be (from an endocrine view-
point) a feedback loop by which PTH affects leptin levels.
Taniguchi et al. [41] demonstrated that PTH-(1-34)
causes lipolysis after binding to receptors distinct from
traditional B-adrenergic receptors. One hypothesis is the
presence of the PTH receptor in fat tissue. Also, patients
with increased production of PTH due to primary hyper-
parathyroidism experienced influences in gene regulation
in fat tissue, which may result in altered adipose tissue
function and release of pathogenic factors that increase
the risk of CVD [42]. However, evidence of the indepen-
dent regulation of leptin by PTH is currently lacking and
further investigation must address this issue.

In the present study, we found that leptin levels were
positively correlated with well-known markers of CVD
(such as waist circumference, triglycerides, ACS and even
MS). However, we could not show that leptin was a pre-
dictor of cardiovascular events and overall and cardiovas-
cular mortality during the follow-up period. This finding is
acceptable since in the general population studies, thou-
sands of patients were necessary to show weak associ-
ations between plasma leptin and outcomes [6]. On the
other hand, this is the first time that the role of leptin in
outcomes has been reported in patients at different CKD
stages (including early-stage patients).

In the literature, there are few data in favour of a con-
sistent, positive link between high serum leptin levels and
mortality in both non-CKD patients and CKD patients [6,
7, 43, 44]. In contrast, Scholze et al. [10] found a relation-
ship between low leptin levels and mortality. In light of
these observations, one could hypothesize that low leptin
levels may indicate malnutrition—which would act as a
faster killer than obesity or CVD. However, although we
found that MI patients in the present study had a higher
overall mortality rate, they did not differ significantly
from non-MI patients in terms of leptin levels. Moreover,
leptin was not a significant predictor of overall mortality,
cardiovascular mortality and cardiovascular events when
we restricted our analysis to non-MI patients. Hence, our
results do not suggest that leptin is a marker of malnu-
trition. In a second hypothesis, other factors such as
endothelial dysfunction or inflammation may have a
greater influence than leptin on the outcomes of patients
at various CKD stages [45]. Leptin’s impact on CVD in CKD
patients is a complex phenomenon and, in view of the
scarcity of literature data, requires further investigation.

Our study has at least two limitations. The relatively
small size of our cohort may have had an effect on our
analyses of the major outcomes. Furthermore, we used
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the diabetes mellitus status (and not fasting glucose
levels) to calculate the MS score. In contrast, the study’s
major strength relates to the enrolment of patients at
different CKD stages.

In conclusion, we demonstrated that plasma leptin
levels are elevated in CKD patients and that these levels
rise progressively as the GFR decreases. Leptin levels were
significantly and positively correlated with pro-inflamma-
tory markers (interleukin-6 and CRP) and factors closely
related to MS (waist circumference, triglycerides and
insulin). We found a significant, independent link
between plasma leptin levels and MS, and PTH. However,
leptin levels did not adequately predict mortality in the
present cohort of patients at different CKD stages.
Additional research is needed to (i) better understand
leptin’s involvement in MS and in the regulation of PTH
and (ii) establish whether pharmacological intervention
could reduce leptin levels and improve clinical outcomes.

Conflict of interest statement. None declared.
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