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The association of serum leptin
with biochemical parameters of bone
turnover in maintenance hemodialysis patients

OBJECTIVE Leptin is a small peptide hormone that is mainly, but not ex-
clusively, produced in adipose tissue and cleared principally by the kid-
ney. Serum leptin concentrations and bone mass are directly related.
This cross-sectional study was conducted on patients with end-stage
renal disease (ESRD), who were undergoing maintenance hemodialysis
(HD). METHOD Serum calcium, phosphorus, predialysis serum creatinine,
blood urea nitrogen, alkaline phosphatase (ALP), intact serum PTH (iPTH)
and serum leptin were measured in 36 dialysis patients, 10 of whom
were diabetic. RESULTS A significant difference in serum leptin between
male and female diabetic patients was seen with higher values in fe-
males. In all patients a significant positive correlation of the logarithm
of serum leptin with the logarithm of serum iPTH and a significant posi-
tive correlation of serum leptin with body mass index (BMI) were found.
In male HD patients a near significant and inverse correlation of serum
ALP with serum leptin was seen. In female HD patients a near significant
inverse correlation of serum leptin with serum phosphorus and a signifi-
cant inverse correlation of serum leptin with Ca´P products were found.
CONCLUSIONS In HD patients serum leptin affects bone activity.
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The adipose tissue cytokine leptin is a small peptide

hormone that is mainly but not exclusively, produced in

adipose tissue.1 Leptin exerts several important meta-

bolic effects on peripheral tissue, including modification

of insulin action, induction of angiogenesis, and modula-

tion of the immune system.1,2 Leptin reaches the brain

by a saturable transport mechanism, and via direct ef-

fects on the hypothalamus it decreases appetite and

increases metabolism.3 Serum leptin concentrations in

normal humans have been reported to correlate with

the body mass index (BMI) as well as with the body fat

mass.4 The hormone leptin is considered to play a role

in the prevention of osteoporosis and it probably acts on

bone tissue through inhibition of osteoclasia.1,5 Several

recent studies have demonstrated that leptin is cleared

principally by the kidney. Thus serum leptin concentra-

tions are increased in patients with chronic renal failure

and those undergoing maintenance dialysis,2 and it has

been speculated that hyperleptinemia may contribute to

uremic anorexia and malnutrition.3 The recent discovery

that leptin is a bone mass determinant1,5–7 is an impor-

tant new facet of the physiological repertoire of this

protein. Human studies have shown that serum leptin

concentrations and bone mass are directly associated.1,5–

7 Evidence for a stimulatory role of leptin on bone min-

eralization in humans includes direct relationships be-

tween serum leptin concentrations and bone mineral mass

and BMD in lean women6 and lean girls.7 In this con-

text, it is particularly intriguing that altered plasma lep-

tin concentration has been reported in diseases which

are typically associated with osteopenia, such as liver

cirrhosis8 and type 2 diabetes.9 Studies on the relation-

ship of serum leptin and biochemical markers of bone

turnover in hemodialysis (HD) patients are scarce, and

the association between serum leptin levels and bone

activity in patients with chronic renal failure and on HD

have not been widely investigated. Preliminary results in

one study revealed that high plasma leptin in male pa-
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tients on chronic HD therapy is associated with bio-

chemical evidence of reduced bone turnover,1 but con-

tradictory data also have been reported. This cross-sec-

tional study aim to examine relationships between se-

rum leptin levels and certain biochemical parameters of

bone turnover in maintenance HD patients.

MATERIAL AND METHOD

This cross-sectional study was carried out on 36 patients,

14 females and 22 males, with end-stage renal disease (ESRD),

who were undergoing maintenance HD treatment with acetate

basis dialysate and polysulfone membrane. According to the

severity of secondary hyperparathyroidism (SHPTH), each

patient being treated for SHPTH was given oral active vitamin

D3 (Rocaltrol), calcium carbonate and sevelamer (Renagel®)

capsules in various doses. After 12-hour fasting, levels of se-

rum calcium (Ca), phosphorus (P), predialysis serum creati-

nine, pre- and post-dialysis blood urea nitrogen (BUN) and

alkaline phosphatase (ALP) were measured using standard kits.

Intact serum PTH (iPTH) was measured by the radioimmu-

noassay (RIA) method using DSL-8000 of USA (normal range

of values is 10–65 pg/mL). Serum leptin (normal range, for

males 3.84±1.79 and for females 7.36±3.73 ng/mL) was meas-

ured by enzyme-linked immunosorbent assay (ELISA) method

using DRG of Germany. For the efficacy of HD the urea reduc-

tion rate (URR) was calculated from pre- and post-dialysis

BUN data.10 The body mass index (BMI) was calculated using

postdialysis weight and height (kg/m2).11 Duration and dosag-

es during HD treatment were calculated from the patients’

records. The duration of each HD session was 4 hours. For

statistical analysis, the data were expressed as the mean±SD.

Comparison between the groups was made using Student’s t-

test. Statistical correlations were assessed using a partial corre-

lation test. All statistical analyses were performed using SPSS

(version 11.5.00). Statistical significance was determined at a

P value <0.05.

RESULTS

Of the 36 patients, 26 were non-diabetic (F=10, M=16)

and 10 (F=4, M=6) were diabetic HD patients. Tables 1,

2 and 3 show the patients’ mean±SD age, the length of

time they had been on HD, the dialysis dosage, and the

results of laboratory tests of the total, the non-diabetic

and the diabetic HD patients. The patients’ mean age

was 46±18 years. The mean length of the time patients

had received HD was 30±36 months (median: 17.5

months). The mean serum leptin was 7±9.2 ng/mL

(median: 4.2 ng/mL). The mean serum leptin values in

the diabetic and non-diabetic groups were 7.63±4.63

Table 1. Mean±SD, minimum and maximum of age, duration and dos-
age of hemodialysis and laboratory results of hemodialyzed patients.

Total patients Minimum Maximum Mean±SD Median

n=36

Leptin (ng/mL) 0.10 51.9 7±9.2 4.2

BMI (kg/m2) 16 33 21.33±3.98 20.5

Age (years) 16 80 45.7±16.5 43

DH* (months) 2 156 30±36 17.5

Dosages sessions 18 1584 285±396 144

PTH (pg/mL) 16 1980 435±454 309

Ca (mg/dL) 5 10 7.7±0.93 8

P (mg/dL) 3.4 10 6.4±1.8 6.2

ALP (IU/L) 150 5487 633±891 444

CA´P (mg2/dL2) 25 80 51±15 50

URR (%) 39 76 59±9.2 57.5

Creatinine (mg/dL) 3 18 9.4±3.6 9.5

BUN (mg/dL) 30 180 82±34 78

*Duration of hemodialysis

Table 2. Mean±SD, minimum and maximum of age, duration and dos-
age of hemodialysis and laboratory results of non-diabetic hemodialysis
patients.

Non diabetic Minimum Maximum Mean±SD Median
patients

n=26

Leptin (ng/mL) 0.10 51.9 6.85±10.5 3.45

BMI (kg/m2) 16 80 43.6±16.5 19

Age (years) 16 33 21±4.5 41.5

DH* (months) 2 156 36.8±40.9 20.5

Dosages sessions 18 1584 348.8±451.3 154

PTH (pg/mL) 22 1980 519±483 335

Ca (mg/dL) 6 9 7.8±0.7 8

P (mg/dL) 3.4 10 6.9±1.8 6.5

ALP (IU/L) 150 5487 749±10 479

CA´P (mg2/dL2) 25 80 52.31±16 53

URR (%) 50 76 61±7.9 60

Creatinine (mg/dL) 3 15 9.54±3 10

BUN (mg/dL) 30 180 79±33 74

*Duration of hemodialysis

ng/mL (median: 7.8 ng/mL) and 6.85±10.47 ng/mL

(median: 3.45 ng/mL), respectively. The mean serum

iPTH was 435±454 (median: 309) pg/mL. The mean

iPTH values in the diabetic and non-diabetic groups

were 218±287 (median: 43) pg/mL and 519±482 (me-

dian: 335) pg/mL, respectively. In this study, no signifi-

cant differences between age, BMI, duration of HD treat-
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ment, dialysis dosage, Ca´P products, URR, serum iPTH,

serum leptin, Ca, P, ALP, creatinine or BUN were found

between males and females of the total group of pa-

tients (P=NS). However, there was a near significant dif-

ference of serum iPTH levels between diabetic and non-

diabetic HD patients (P=0.075). No significant differ-

ence in serum leptin between males and females of the

non diabetic group of HD patients was seen, however a

significant difference in serum leptin was seen between

males and females of the diabetic HD population (r=0.035;

fig. 1). In the total group of patients a significant positive

correlation of BMI with serum leptin (r=0.45, P=0.008;

fig. 2) (adjusted for age) was observed, and a significant

positive correlation of the logarithm of serum leptin with

the logarithm of serum iPTH (r=0.42, P=0.045) [adjust-

ed for age, duration and dosage of HD, serum Ca, P,

URR, gender, presence of diabetes mellitus (DM) and

BMI] was found. In male HD patients a significant in-

verse correlation of dialysis efficacy (as determined by

URR) with serum leptin (r=-0.46, P=0.036; fig. 3), and

also a near significant inverse correlation of serum ALP

and serum leptin (r=-0.39, P=0.079) were seen after

adjustment for duration of HD treatment. Moreover in

this group a significant positive correlation between age

and serum leptin (r=0.44, P=0.046; fig. 4), adjusted for

HD dosage, and a significant positive correlation between

HD dosage and serum leptin (r=0.44, P=0.046; fig. 5),

with adjustment for age, were seen. In this group also a

Table 3. Mean±SD, minimum and maximum of age, duration and dos-
age of hemodialysis and laboratory results of diabetic hemodialysis pa-
tients.

Diabetic Minimum Maximum Mean±SD Median

patients

n=10

Leptin (ng/mL) 0.20 15.2 7.6±4.63 7.8

BMI (kg/m2) 27 75 51±15.9 22.5

Age (years) 20 24 22±1.6 55

DH* (months) 6 24 14±6.3 12

Dosages sessions 54 216 119±55.5 99

PTH (pg/mL) 16 860 218±287 43

Ca (mg/dL) 4 10 6±2 7.5

P (mg/dL) 175 584 330±155 6

ALP (IU/L) 32 70 48±12.8 289

CA´P (mg2/dL2) 39 75 53.6±10.36 49

URR (%) 5 10 7.5±1.3 54

Creatinine (mg/dL) 3 18 9.5±4.8 9

BUN (mg/dL) 30 140 90±37 98

*Duration of hemodialysis

Figure 1. Significant difference in serum leptin between male and female

diabetic hemodialysis (HD) patients.

Figure 2. Significant positive correlation of BMI and serum leptin.

near significant positive correlation between duration of

HD treatment and serum leptin (r=0.42, P=0.052), af-

ter adjustment for age, was seen too. In the female HD

patients, a near significant and inverse correlation be-

tween serum leptin and P (r=-0.54, P=0.057) was ob-

served, and also a significant inverse correlation between

serum leptin and Ca´P products was found (r=-0.62,

P=0.025), after adjustment for age.

DISCUSSION

The principal findings of this study were near signifi-

cant differences in serum iPTH levels between diabetic

and non-diabetic HD patients and a significant differ-
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ment and serum leptin was seen. In the female HD pa-

tients a near significant inverse correlation of serum lep-

tin with serum P and a significant inverse correlation of

serum leptin with Ca´P products were found. Leptin is

a hormone produced by adipose tissue and its serum

levels correlate with total fat mass.12 Several direct ef-

fects on bone have recently been attributed to leptin. It

was shown in vitro that leptin acts on marrow stromal

cells by inhibiting differentiation into adipocytes, favor-

ing osteoblastic differentiation.13 In experimental animals

leptin inhibited bone resorption,14 and also it has been

shown that leptin deficient mice have increased bone

mass associated with an increased rate of bone forma-

tion.15 With the exception of the effects of age, alumi-

num intoxication, DM, Ca and magnesium (Mg) over-

load, advanced glycation end product accumulation and

beta-blocker use, the factors reducing serum PTH and/

or bone turnover in patients with ESRD remain incom-

pletely understood.1 As mentioned earlier, plasma leptin

has been found raised in HD patients.16–19 Studies con-

cerning the relationship between plasma leptin concen-

tration and bone biochemical parameters have shown

interesting results. In the study conducted by Ghazali on

17 female and 16 male chronic HD patients, leptin lev-

els were twice as high in the female patients. Ghazali

suggested that serum leptin in HD patients may have a

bone-sparing effect only when the serum levels of leptin

were higher than the presumed threshold of blood-brain

transport saturation and he concluded that the higher

leptin levels in post-menopausal female HD patients than

in male patients may account for their slower bone loss

with ageing.10 A study conducted by Coen et al on 46

HD patients (32 men, 14 women; aged 57.2±11.4 years)

Figure 3. Significant inverse correlation of dialysis efficacy (as determined

by URR) and serum leptin.

Figure 5. Significant positive correlation of hemodialysis dosage and serum

leptin.

Figure 4. Significant positive correlation of age and serum leptin.

ence in serum leptin levels between male and female

diabetic HD patients, with higher values in females. In

the total group of patients a significant positive correla-

tion of the logarithm of serum leptin with the logarithm

of serum iPTH, and a significant positive correlation be-

tween BMI and serum leptin were seen. In the male HD

patients a significant inverse correlation between dialysis

efficacy and serum leptin and with a near significant

inverse correlation of serum ALP with serum leptin were

observed, and also significant positive correlation be-

tween age and serum leptin and between HD dosage

and serum leptin. Moreover in this group a near signif-

icant positive correlation between duration of HD treat-
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found firstly a positive relation between serum leptin

level and BMI, and higher serum levels of leptin in wom-

en than in men, and secondly in total patients an inverse

significant correlation of serum leptin with serum PTH;

this correlation was more significant in the male group.

Coen’s study results are in support of there being an

inverse association between serum leptin levels and some

histomorphometric and histodynamic indices of bone

turnover, which would be in accordance with experi-

mental data showing decreased osteoblastic activity re-

lated to the administration of leptin in vivo,13,14 or to the

addition of leptin to preosteoclastic culture in vitro.20

Previously, in a study conducted by Kokot et al the

inverse relationship between serum leptin and PTH1–

84 had also been noted.21 Zoccali et al in a study con-

ducted on 161 HD patients to investigate the associa-

tion between plasma leptin and biochemical bone turn-

over indicators, showed that plasma leptin was sex-de-

pendent, being significantly higher in female HD than in

male patients, and related directly to BMI.1 The present

study, in agreement with the studies of Coen and Zocca-

li, also found a significant positive relationship between

serum leptin and BMI. Concerning sex-dependency this

study showed higher levels of serum leptin only in the

females of the diabetic HD population. The other find-

ings of the study conducted by Zoccali et al were: in

male patients, plasma leptin, after adjustment for BMI

was related inversely to serum iPTH, serum PTH1–84,

C-PTH fragment and serum PTH1–84/C-PTH frag-

ment ratio, while no such relationships were found in

female patients. Zoccali et al also found that the link

between plasma leptin and bone turnover markers was

independent of other factors. Also plasma leptin was

related inversely to skeletal ALP in male but not in

female patients. In an agreement with earlier studies the

present study showed a significant positive correlation of

the logarithm of serum leptin with the logarithm of

serum iPTH, and also a very near significant inverse

correlation of serum leptin with serum ALP in the male

HD population. In this group other findings were signif-

icant positive correlation between age and serum leptin,

and significant inverse correlation between dialysis effi-

cacy and serum leptin, and a significant positive correla-

tion between HD dosage and serum leptin, with a near

significant positive correlation between duration of HD

treatment and serum leptin. In female HD patients, a

near significant inverse correlation between serum leptin

and serum P and a significant inverse correlation be-

tween serum leptin and Ca´P products were found.

In conclusion, the inverse correlation demonstrated in

this study between leptin and P or Ca´P products could

reflect the negative association of bone activity with se-

rum leptin. Increased serum P or Ca´P products ob-

served in cases of uncontrolled secondary hyperparath-

yroidism, could support the negative association between

bone activity and serum leptin in HD patients. These

findings underline the need for more attention to inves-

tigation be given to larger HD population to clarify fur-

ther the role of leptin in HD patients.
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ÓÊÏÐÏÓ Ç ëåðôßíç åßíáé ìéá ðåðôéäéêÞ ïñìüíç ðïõ ðáñÜãåôáé, êõñßùò áëëÜ ü÷é ìüíï, áðü ôï ëéðþäç éóôü êáé

êáèáßñåôáé êõñßùò áðü ôïõò íåöñïýò. Ç óõãêÝíôñùóç ôçò ëåðôßíçò óôïí ïñü óõó÷åôßæåôáé ìå ôçí ïóôéêÞ ìÜæá.

Ç ìåëÝôç áõôÞ Ýãéíå óå áóèåíåßò ìå ÷ñïíßá íåöñéêÞ áíåðÜñêåéá ôåëéêïý óôáäßïõ, ðïõ âñßóêïíôáí óå ÷ñïíßá-

áéìïêÜèáñóç. ÕËÉÊÏ-ÌÅÈÏÄÏÓ Óå 36 áóèåíåßò õðü ÷ñïíßá áéìïêÜèáñóç, 10 áðü ôïõò ïðïßïõò Þôáí

äéáâçôéêïß, ìåôñÞèçêáí óôïí ïñü ôï áóâÝóôéï, ï öùóöüñïò, ç ðñï ôçò áéìïêÜèáñóçò êñåáôéíßíç, ç ïõñßá, ç

áëêáëéêÞ öùóöáôÜóç (ALP), ç ðáñáèïñìüíç (iPTH) êáé ç ëåðôßíç. ÁÐÏÔÅËÅÓÌÁÔÁ Ïé ãõíáßêåò äéáâçôé-

êÝò áóèåíåßò ðáñáôçñÞèçêå üôé åß÷áí óçìáíôéêÜ ìåãáëýôåñç óõãêÝíôñùóç ëåðôßíçò. Óôï óýíïëï ôùí áóèå-

íþí, ðáñáôçñÞèçêå éó÷õñÞ èåôéêÞ óõó÷Ýôéóç ìåôáîý ôïõ ëïãáñßèìïõ ôùí óõãêåíôñþóåùí ôçò ëåðôßíçò ôïõ

ïñïý ìå ôï ëïãÜñéèìï ôùí óõãêåíôñþóåùí ôçò iPTH, êáèþò êáé éó÷õñÞ èåôéêÞ óõó÷Ýôéóç ìåôáîý ôùí óõãêå-
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íôñþóåùí ôçò ëåðôßíçò ôïõ ïñïý êáé ôïõ äåßêôç ìÜæáò óþìáôïò. Óôïõò Üíäñåò áóèåíåßò, âñÝèçêå áóèåíÞò

áñíçôéêÞ óõó÷Ýôéóç ìåôáîý ôçò ALP êáé ôçò ëåðôßíçò ôïõ ïñïý. Óôéò ãõíáßêåò áóèåíåßò, ðáñáôçñÞèçêå áóèå-

íÞò áñíçôéêÞ óõó÷Ýôéóç ìåôáîý ôçò ëåðôßíçò êáé ôïõ öùóöüñïõ ôïõ ïñïý, åíþ âñÝèçêå éó÷õñÞ áñíçôéêÞ

óõó÷Ýôéóç ìåôáîý ôçò ëåðôßíçò ôïõ ïñïý êáé ôïõ ãéíïìÝíïõ CaxP. ÓÕÌÐÅÑÁÓÌÁÔÁ Ç óõãêÝíôñùóç ôçò

ëåðôßíçò ôïõ ïñïý öáßíåôáé íá åðçñåÜæåé ôï ìåôáâïëéóìü ôùí ïóôþí óôïõò áóèåíåßò ìå ÷ñïíßá íåöñéêÞ

áíåðÜñêåéá ôåëéêïý óôáäßïõ, ðïõ âñßóêïíôáé óå ÷ñïíßá áéìïêÜèáñóç.
................................................................................................................................................................................
ËÝîåéò åõñåôçñßïõ: ÁëêáëéêÞ öùóöáôÜóç, Ëåðôßíç ïñïý, Ðáñáèïñìüíç, Ñõèìüò ïóôéêïý ìåôáâïëéóìïý
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