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Leptin as an InflammatoryMarker
in Dialysis Patients

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Markers of chronic inflammation, such as high-sensitive C-reactive protein
(hs-CRP) or tumor necrosis factor-alpha (TNF-α) and interleukin (IL)-6, are predictive for cardio-
vascular mortality and morbidity in patients with chronic renal failure. Leptin stimulates angio-
genesis and accelerates vascular calcification and it plays an active role in the process of
atherosclerotic disease. This study investigated the relationship between leptin and inflammatory
markers (hs-CRP,TNF-α ve IL-6) and leptin as an inflammatory marker in dialysis patients. MMaattee--
rriiaall  aanndd  MMeetthhooddss::  We examined the relationship of serum leptin levels with inflammatory mark-
ers in dialyzed patients. Serum CRP or TNF-α, IL-6 and leptin levels were determined as well as
other metabolic parameters. Correlation studies and multivariate regression analysis were performed
among variables. RReessuullttss:: Our patients showed elevated serum leptin and inflammatory markers.
Serum leptin levels were positively correlated with CRP, TNF-α, IL-6 and body mass index (BMI).
Serum CRP levels were directly related to leptin levels. CCoonncclluussiioonn:: Both hemodialysis and con-
tinuous ambulatory peritoneal dialysis patients showed high levels of chronic inflammation mark-
ers. Serum leptin levels were elevated in dialysis patients and significantly correlated with
inflammatory markers. 

KKeeyy  WWoorrddss::  Leptin; C-reactive protein; tumor necrosis factor alpha; IL-6 protein, human; 
dialysis; patients

ÖÖZZEETT  AAmmaaçç:: Yük sek sen si tif CRP (hs-CRP), tü mör nek roz fak tör-al fa (TNF-α) ve inter lö kin (IL)-
6 gi bi kro nik inf la mas yon be lir teç le ri, son ev re böb rek yet mez li ği has ta la rı nın kar di yo vas kü ler
mor ta li te ve mor bi di te le ri ni ön gör me de et kin dir ler. Lep tin an ji yo ge ne zi uya rır, da mar sal kal si fi -
kas yo nu hız lan dı rır ve ate rosk le ro tik has ta lık sü re cin de ak tif rol oy nar. Bu ça lış ma da kar di yo vas -
kü ler has ta lık için çok yük sek risk ta şı yan di ya liz has ta la rın da, se rum lep tin dü zey le ri ile
kar di yo vas kü ler risk un su ru olan inf la ma tu var be lir teç ler (hs-CRP,TNF-α ve IL-6) ara sın da ki il-
iş ki ve di ya liz has ta la rın da inf la ma tu var be lir teç ola rak lep tin dü zey le ri araş tı rıl dı. GGee  rreeçç  vvee  YYöönn--
tteemm  lleerr:: Se rum CRP, TNF-α, IL-6 ve lep tin de ğer le ri, di ğer me ta bo lik pa ra met re ler le bir lik te
öl çü lüp de ğer len di ril di. İsta tis tik sel ola rak, de ğiş ken ler ara sın da ko re las yon ana li zi ve çok de ğiş -
ken li var yans ana li zi uy gu lan dı. BBuull  gguu  llaarr:: Has ta lar da se rum lep tin ve di ğer inf la ma tu var be lir teç -
le rin se vi ye le ri yük sek bu lun du. Se rum lep tin dü ze yi ile se rum CRP, TNF-α, IL-6 dü zey le ri ve
beden kit le in dek si ara sın da po zi tif ko re las yon sap tan dı. Se rum CRP se vi ye si ile se rum lep tin se-
vi ye si ara sın da di rekt bir iliş ki be lir len di. SSoo  nnuuçç:: He mo di ya liz ve sü rek li ayak tan pe ri ton di ya liz
has ta la rın da kro nik inf la ma tu var be lir teç ler yük sek bu lun muş tur. Se rum lep tin se vi ye le ri di ya liz
has ta la rın da yük sek bu lun mak la be ra ber inf la ma tu var be lir teç ler ile de an lam lı ola rak iliş ki li bu-
lun muş tur.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Leptin; C-reaktif protein; tümör nekroz faktörü alfa; IL-6 proteini, insan; 
diyaliz; hastalar
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hro nic inf lam ma ti on is in cre a singly ra ted as
an im por tant is su e du e to its ro le in va ri o us
pat ho lo gi cal sta tes, such as car di o vas cu lar

di se a se, obe sity, di a be tes, can cer and mal nut ri ti on.1

Car di o vas cu lar di se a se is the ma jor ca u se for mor-
ta lity and mor bi dity in pa ti ents with end-sta ge re -
nal fa i lu re (ESRF).2 The ca u ses of inf lam ma ti on in
di aly sis pa ti ents are mul tip le and comp lex. The di s-
e a se sta tus of re nal fa i lu re, the con se qu en ce of the
tre at ment for re nal fa i lu re such as he mo di aly sis,
pe ri to ne al di aly sis or chro nic in fec ti on may be in-
vol ved in the pat ho ge ne sis of mic ro inf lam ma ti on
in chro nic di aly sis pa ti ents.3 Mar kers of an acu te
pha se re ac ti on, such as C-re ac ti ve pro te in (CRP) or
tu mor nec ro sis fac tor-alp ha (TNF-α) and in ter le u -
kin (IL)-6, are pre dic ti ve for car di o vas cu lar mor ta -
lity and mor bi dity in chro nic re nal fa i lu re
pa ti ents.4,5 The inf lam ma tory res pon se is co or di na -
ted by cyto ki nes, es pe ci ally TNF-α and IL-6. CRP
is synthe si zed by the li ver and re gu la ted by dif fe -
rent cyto ki nes, par ti cu larly in ter le u kin (IL)-6.6

Lep tin, the adi pocy te-de ri ved pro te in pro duct of
the ob ge ne, is fo und to be as so ci a ted with mal nut -
ri ti on in di aly sis pa ti ents.7 Re cent da ta imp li ca te
the ro le of lep tin as an in de pen dent risk fac tor for
car di o vas cu lar di se a ses.8

In the pre sent study, we in ves ti ga ted the pat-
terns of se rum lep tin, CRP and so me cyto ki nes
such as TNF-α and  IL-6 to as sess chro nic inf lam -
ma ti on in both he mo di aly sis (HD) and con ti nu o us
am bu la tory pe ri to ne al di aly sis (CAPD) pa ti ents.
Pa ra me ters such as al bu min and he mog lo bin le vels
and the ir re la ti ons hip with inf lam ma tory mar kers
we re de ter mi ned.

MA TE RI AL AND MET HODS
PA TI ENTS

All CAPD and HD pa ti ents we re tre a ted at the Ha -
e mo di aly sis Units of Cum hu ri yet Uni ver sity, Scho -
ol of Me di ci ne, Si vas. Di aly sis Cen ter, Sul tan
Iz zet tin Key ka vus Hos pi tal and the SSK Si vas Hos-
pi tal we re en rol led in this cross sec ti o nal study. A
to tal of 178 pa ti ents (94 fe ma les, 84 ma les) who we -
re di ag no sed with end-sta ge re nal fa i lu re we re stu -
di ed. Thirty pa ti ents (18 fe ma les, 12 ma les) aged  25
to 75 ye ars (me an, 43 ± 4 ye ars) on ma in te nan ce

CAPD the rapy for a me an of 31.8 ± 16.3 months
(ran ge, 4 to 60 months), and 148 pa ti ents (76 fe ma -
les, 72 ma les) aged 18 to 82 ye ars (me an, 50 ± 9 ye -
ars) on ma in te nan ce HD the rapy for a me an of 56.4
± 46.3 months (ran ge, 3 to 226 months) we re inc -
lu ded. HD pa ti ents in dif fe rent HD units used the
sa me di aly sis mem bra ne (he map he in di aly zer
mem bra nes) and they we re he mo di aly sed for 4-5
h a day, thre e ti mes a we ek. CAPD pa ti ents we re
di aly zed using Fre se ni us ANDY Plus or Stay-Sa fe
systems (Fre se ni us Me di cal Ca re GmbH, Bad Hom-
burg, Ger many). All pa ti ents we re cli ni cally stab le
du ring the pe ri od of at le ast two months be fo re as-
sess ment. Pa ti ents we re exc lu ded if they had in fec-
ti o us or no nin fec ti o us inf lam ma tory di se a se,
inc lu ding di aly sis-re la ted pe ri to ni tis, if they we re
tre a ted with im mu no sup pres si ve drugs, if they we -
re on di aly sis with ju gu lar, subc la vi an or long-term
per ma nent port cat he ter Writ ten in for med con-
sents we re ob ta i ned from all par ti ci pants. The
study was ap pro ved by Lo cal Et hics Com mit te e.

AS SAYS

We ight and he ight we re me a su red by stan dard
tech ni qu e in all sub jects. Body mass in dex (BMI)
was cal cu la ted by di vi ding the we ight to squ a re of
he ight (kg/m2).

Blo od samp les we re ta ken in the mor ning af -
ter 12 h of over night fas ting (non HD day) from all
of the pa ti ents to es tab lish le vels of lep tin, TNF-α,
IL-6, hs-CRP and ot her pa ra me ters. Samp les we re
sto red at -20ºC. Se rum le vels of TNF-α, IL-6 and
hs-CRP we re de ter mi ned by enz yme-lin ked im-
mu no sor bent as say. Pri mary and bi o tiny la ted an-
ti bo di es aga inst TNF-α, and IL-6 we re purc ha sed
from R&D Systems Eu ro pe (Abing don, UK). Pri-
mary and bi o tiny la ted an ti bo di es aga inst hs-CRP
we re purc ha sed from Da ko (Glos trup, Den mark).
For TNF-α, and IL-6, the sen si ti vity ran ged bet we -
en 2 and 3 pg/ml. For hs-CRP, it was usu ally 1
ng/ml.

The le vel of se rum lep tin was analy zed by ra-
di o im mu no as say thro ugh emp lo ying a DPC Gam-
byt-CR (Ja pan) gam ma co un ter. The DSL-23100
RCA (Di ag nos tic systems Lab, USA) com mer ci al kit
was used for se rum lep tin le vels. Al bu min and he-
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mog lo bin le vels we re as ses sed by me ans of stan dard
la bo ra tory met hods. 

STA TIS TI CAL ANALY SIS

The sta tis ti cal analy sis was per for med with the SPSS
12.0 soft wa re. All da ta we re pre sen ted as me an ±
stan dart de vi a ti on. De mog rap hic and bi oc he mi cal
da ta bet we en the gro ups we re com pa red by Stu-
dent’s t-test. Re la ti ons hip among the va ri ab les was
analy zed by Pe ar son cor re la ti on analy sis. Step wi se
mul tip le reg res si on analy sis was per for med for se-
lec ted va ri ab les: hs-CRP, lep tin, IL-6 and TNF- α. P
va lu es less than 0.05 we re con si de red as sta tis ti cally
sig ni fi cant.

RE SULTS
De mog rap hic and bi oc he mi cal fe a tu res of all pa ti -
ents, both CAPD and  HD  gro ups are sum ma ri zed
in Tab le 1. The di aly sis du ra ti on was sig ni fi cantly
lon ger in he mo di aly sis pa ti ents (56.4 ± 46.3 vs. 31.8
± 16.3 months) as well as the age (51 ± 15 vs. 43 ±
14 ye ars). Hemoglobin levels were significantly
higher in CAPD patients than in HD patient (11.1
± 1.4 g/dl vs. 10.3 ± 1.8). No difference was found in
BMI, albumin, TNF-α, Interleukin-6, hs-CRP and
leptin levels between two groups.

The cor re la ti ons among the va ri ab les are lis -
ted in Tab le 2. Inf lam ma tory mar kers and cli ni cal
fe a tu res of all pa ti ents we re analy zed. The ti me of
di aly sis tre at ment had a ne ga ti ve ef fect on he mog -
lo bin le vels (r= -0.18 and p= 0.017). The cor re la ti -
on of se rum lep tin with TNF-α, In ter le u kin-6 and

hs-CRP le vels sho wed sig ni fi cantly po si ti ve cor re -
la ti ons (r= 0.44 and p= 0.000, r= 0.29 and p= 0.000,
r= 0.21 and p= 0.005, res pec ti vely). The re was a po -
si ti ve cor re la ti on bet we en BMI, se rum CRP and
TNF-α le vels as well (r=0.15 and p=0.04, r=0.27 and
p=0.000, res pec ti vely). As ex pec ted, the se rum lep-
tin was sig ni fi cantly cor re la ted with BMI (r =0.41
and p= 0.000). Over we ight pa ti ents (BMI>24.0
kg/m2) had hig her le vels of inf lam ma tory mar kers
than tho se with nor mal we ight (da ta not shown).

Al bu min le vel was po si ti vely cor re la ted with
he mog lo bin and TNF-α le vels (r=0.19 and p=0.013,

All (n=178) CAPD HD P

Features X±SE (n=30) (n=148) Value

Age (years) 50 ± 3.7 43 ± 7.8 51 ± 4.2 0.01

Dialysis duration (months) 52.3 ± 3.9 31.8 ± 5.8 56.4 ± 4.6 0.001

Gender (female : male) 94 : 84 18 : 12 76 : 72 -

BMI 25.6 ± 1.9 23.8 ± 4.3 24.6 ± 2.0 NS

Hemoglobin (g/dl) 10.4 ± 0.8 11.1 ± 2.0 10.3 ± 0.8 0.02

Albumin (g/dl) 3.6 ± 0.3 3.7 ± 0.7 3.6 ± 0.3 NS

TNF-α (pg/mL) 52.0 ± 3.9 50.3 ± 9.2 53.7 ± 4.4 NS

IL-6 (pg/mL) 22.4 ±1.7 20.6 ± 3.8 22.7 ± 1.9 NS

hs-CRP (ng/L) 12.4 ± 0.9 11.6 ± 2.1 12.6 ± 1.0 NS

Leptin (ng/ml) 32.6 ± 2.4 37.9 ± 19.2 31.5± 2.6 NS

TABLE 1: Demographic and biochemical features of pa-
tients with peritoneal dialysis and  hemodialysis.

P<0.05 (Student’s t test ) CAPD vs. HD.
BMI: body mass index; hs-CRP: high sensitive C-reactive protein; IL-6: interleukin-
6; TNF-α: tumor necrosis factor- α: NS, not significant.

Leptin Age Dd Gender BMI  Hb Alb TNF-α IL-6

In total patients (n =178)

Age -0.14

Dd 0.40 -0.30

Gender -0.29* 0.20*** -0.65

BMI 0.41* 0.05 0.06 -0.36**

Hb -0.10 -0.06 -0.18** 0.06 -0.15

Alb -0.02 0.04 -0.00 -0.04 -0.00 0.19**

TNF-α 0.44** 0.00 0.02 -0.20*** 0.27*** -0.04 0.20***

IL-6 0.29** -0.10 0.10 -0.24*** -0.03 0.03 0.06 0.32*

hs-CRP 0.21** -0.04 -0.04 0.01 0.15*** -0.10 0.00 0.15 0.08

TABLE 2: Correlation values of biochemical and anthropometric variables in the study populations.

Dd: Dialysis duration; BMI: Body Mass Index; Hb: Hemoglobin; Alb: Albumin; TNF-α: tumor necrosis factor- alpha; IL-6: Interleukin-6; hs-CRP: high-sensitive C- reactive protein. 
All statistically significant correlations are in bold type (*p< 0.001, **p< 0.01 and  ***p< 0.05).
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r= 0.20 and p= 0.009, res pec ti vely). The re was a sig-
ni fi cant cor re la ti on bet we en TNF-α and IL-6 le vels
(r=0.32 and p=0.000).

As shown in Tab le 3 (a to d), only se rum lep-
tin le vel was in de pen dently as so ci a ted se rum CRP
le vel. Se rum lep tin was in de pen dently pre dic ted by
gen der and BMI. IL-6 was in de pen dently pre dic -
ted by se rum lep tin and TNF-α le vels. Se rum lep-
tin and al bu min le vels we re the most sig ni fi cant
de ter mi nants for pre dic ting TNF-α le vel.

DIS CUS SI ON

Chro nic ure mi a is con si de red a pro-inf lam ma tory
sta te as so ci a ted with high car di o vas cu lar mor bi dity
and mor ta lity.4 Lep tin, IL-6 and TNF-α le vels are
sug ges ted to be ele va ted in chro nic re nal fa i lu re,
par ti cu larly in the sub jects who are tre a ted with
he mo di aly sis and pe ri to ne al di aly sis.9-14 CRP le vels
are in cre a sed in CRF pa ti ents and this is tho ught as
an in de pen dent risk fac tor that may ca u se prog res -
si ve at he rosc le ro sis.12-16 Our re sults we re si mi lar.
Both gro ups had in cre a sed le vels of lep tin, CRP, IL-
6 and TNF-α. Ho we ver, the re we re no dif fe ren ces
for se rum lep tin, CRP, IL-6 and TNF-α le vels bet -
we en the gro ups.

As TNF-α can in du ce pro duc ti on of lep tin, and
lep tin can sti mu la te TNF synthe sis.17 In the co hort
des cri bed by Hil kens et al. the re is a cor re la ti on be-
t we en ele va ted TNF-α le vels and lep tin.18 We fo -
und a si mi lar fin ding in our study sho wing an
as so ci a ti on bet we en se rum le vels of TNF-α and
lep tin in both HD and CAPD pa ti ents.

The re la ti on bet we en inf lam ma tory cyto ki nes
and lep tin se ems to be much mo re comp lex and the
re por ted re sults are conf lic ting. Pe co its-Fil ho et al.
re ported a strong po si ti ve cor re la ti on bet we en se -
rum lep tin and IL-6 le vels in di aly zed pa ti ents.19

Our ob ser va ti ons we re con sis tentwith this fin ding.
Alt ho ugh we fo und sig ni fi cantly hig her se rum lep-
tin in di aly zed pa ti ents with ele va ted IL-6 le vels,
Don et al. fo und no as so ci a ti on bet we en inf lam -
ma tory mar kers and ele va ted lep tin le vels.20 Sham-
suz za man et al. de mons tra ted that in cre a sed lep tin
was as so ci a ted with in cre a sed CRP in de pen dently
from gen der and me a su res of adi po sity in he althy
sub jects.21 Our re sults fo und that chro nic inf lam -
ma ti on in di aly zed pa ti ents cor re la ted with the ir
BMI and gen der. Se rum CRP le vel was cor re la ted
with se rum lep tin le vel and BMI in our study, and
mul ti va ri a te reg res si on analy sis sho wed se rum lep-
tin le vel was the only pre dic tor for the CRP le vel. 

In pat ho ge ne sis of at he rosc le ro sis, lep tin is lin -
ked to co ro nary ar tery cal ci fi ca ti on in ure mi a.4 Mo -
re o ver, se rum lep tin le vel is an in de pen dent fac tor
pre dic ting car di o vas cu lar di se a se.22 The re fo re, the
po si ti ve cor re la ti on of se rum lep tin le vel with
TNF-α, IL-6 and CRP le vels in our study sup ports
the ide a  that lep tin is in vol ved in the chro nic inf -
lam ma ti on ob ser ved in di aly sis pa ti ents.19 The ure-
mi a-as so ci a ted pro-inf lam ma tory sta te may
con tri bu te to the in cre a sed synthe sis of lep tin. On
the ot her hand, hyper lep ti ne mi a ob ser ved in pa ti -
ents with CRF is at le ast partly du e to dec re a sed re -
nal cle a ran ce.23 With its mo le cu lar we ight of 16
kDa, cir cu la ting fre e lep tin ac cu mu la tes in ure mi a
and may exert its syste mic de le te ri o us ef fects as an
ure mic to xin. Our re sults al so sho wed that the se -
rum lep tin le vels were sig ni fi cantly hig her in fe-
ma le pa ti ents (da ta not shown), and di rectly
cor re la ted with BMI as in ge ne ral po pu la ti on.16,24 

(a) hs-CRP*

Independent variable β P

Leptin 0.21 0.005

(b) Leptin

Independent variables

Gender -0.17 0.02

BMI 0.35 0.000

(c) Interleukin-6*

Independent variables

Leptin 0.18 0.02

TNF-α 0.24 0.003

(d) TNF-α*

Independent variables

Leptin 0.45 0.000

Albumin 0.21 0.002

TABLE 3: Multiple regression analysis of 
selected markers.

*hs-CRP: high-sen si ti ve C- re ac ti ve pro te in; tu mor nec ro sis fac tor- alp ha; IL-6: In ter le -
u kin-6.
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Our study re ve a led that BMI was an in de pen -
dent pre dic tor of se rum lep tin le vels. In ge ne ral po -
pu la ti on, in cre a sing BMI is as so ci a ted with
en han ced car di o vas cu lar risk, and BMI has been
cor re la ted with long-term out co me of di aly sis pa-
ti ents in a pros pec ti ve study.25 As the re is sig ni fi -
cant cor re la ti on bet we en BMI and inf lam ma tory
mar kers, this re la ti ons hip imp li es that body fat per-
cen ta ge rep re sen ted by BMI is a key fac tor con tri -
bu ting to chro nic inf lam ma ti on in di aly sis pa ti ents.
The re fo re, this me ta bo lic pa ra me ter sho uld be con-
si de red an im por tant fac tor in as ses sing car di o vas -

cu lar di se a se and sur vi val of chro nic di aly zed pa ti -
ents.

CONC LU SI ON
In conc lu si on, our study de mons tra ted that both
CAPD and HD pa ti ents we re as so ci a ted with chro -
nic inf lam ma ti on and se rum lep tin le vels we re el-
e va ted in di aly sis pa ti ents and sig ni fi cantly
cor re la ted with inf lam ma tory mar kers. Furt her
stu di es are ne e ded to de ter mi ne the ir ro les in the
pat ho ge ne sis of car di o vas cu lar di se a se in chro nic
di aly sis pa ti ents.
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