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Clinical Investigations

Does Leptin Have an Effect on Bone in Adult Women?
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Abstract. Recent studies have implicated leptin in the generally as a systemic indicator of the adequacy of the
modulation of bone mass during skeletal developmentbody’s energy stores [1, 4].

Whether leptin also exerts an influence on bone after growth At present, very little is known about the effects of leptin
has stopped is unknown at present. In this cross-section@h bone. In growing ob/ob mice, which are genetically lep-
study on 94 women (60 premenopausal, 34 postmendin deficient, treatment with leptin has been shown to dra-
pausal) aged 40-60 years, we analyzed the relationship bgatically increase histological indices of bone formation,
tween serum leptin and bone density and bone cortex genainly at the endocortical level [5]. In a large longitudinal
ometry and bone metabolism. Total and trabecular bon&tudy on premenarcheal girls, leptin was associated witl
density as well as total and cortical bone area were deteferiosteal envelope expansion, leading to the hypothes
mined by quantitative computed tomography (QCT) at thethat leptin might mediate the effects of obesity on bone
distal radius. Bone metabolism was assessed by measurifg@ss [6]. _ _
bone_specific alkaline phosphatase, osteocajcin, proco”a_ Whether |eptln alSO haS an effect on the adult Ske|et0n 1!
gen type | C-terminal propeptide (PICP) and collagen typePresently unknown. Therefore, we undertook the preser
| C-terminal telopeptide in serum, and deoxypyridinoline in Study to analyze the relationship between serum leptin an
urine samples. None of the indices of bone density or gePOne density, bone geometry and bone metabolism in
ometry was significantly related to leptin serum concentracohort of healthy women from 40 to 60 years of age.
tions (P > 0.05) before or after adjustment for body mass

index (BMI). PICP was associated with serum leptin in the

postmenopausal group only & —0.40 after adjustment for Subject and Methods

BMI; P = 0.009). Yet, as none of the other markers of bone

metabolism exhibited a significant correlation with serum ubiects

leptin in any of the menopausal groups, this association i§Q' )
likely to be due to the influence of extraskeletal factors on . .

PICP serum levels. Thus, it appears that leptin has lesgkhe study population comprised healthy female volunteers whc

. . were recruited in cooperation with a health insurance company
influence on the mature than on the growing skeleton. (BKK Deutsche Bank AG, Diisseldorf, Germany). These women

. . form a subgroup of a larger cohort, which has been described il

Key words: Bone — Bone density — Bone metabolism — earlier reports [7, 8]. The age range was 40—60 years. The stuc

Leptin — Obesity. protocol was approved by the local ethics committee and all sub
jects gave written informed consent.

A detailed questionnaire concerning health, diet, use of drugs

life-style, and gynecological history was obtained from each sub-

. ; ; ject. Height and weight were measured and body mass inde
Leptin is a recently discovered hormone that is mostly syn BMI) was calculated as weight per square of height in meters

thesized a_nd secreted ‘by @d'POPVteS, [1]. Initial FeseafCh fQ g/mP). A blood sample was obtained from each participant after
cused on its role as a ‘satiety signal’ to the brain, but SUb?n overnight fast, and each collected one 24-hour urine sample. C
sequently, leptin has been found to influence a variety Othe same day, bone density and geometry measurements we
other physiological functions such as reproduction and hetaken. Complete data sets as well as blood and urine samples we
matopoiesis [2, 3]. Therefore, leptin is now regarded moreavailable from 430 participants. For the purpose of the presen
study, those subjects who were on hormone replacement therap
had irregular menses, or had a history of hysterectomy (as menc
pausal status was uncertain), ovariectomy, or diseases affectir
—_— bone metabolism were excluded. From the serum samples of th
Correspondence toF. Rauch, Genetics Unit, Shriners’ Hospital remaining 168 women, 94 were randomly selected for the deter
for Children, 1529 Cedar Avenue, Montreal, Quebec H3G 1A6,mination of leptin levels. Menopausal status was defined as fol-
Canada lows: premenopausal, women with regular menstrual cycles (n
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Table 1. Clinical characteristics of study participants and serum leptin concentrations

Years since
Age (years) Height (cm) Weight (kg) BMI (kgin menopause Leptin (ng/ml)
Premenopausal (5= 60) 47.0+3.3 165.2+4.6 65.6 £10.1 24.1+39 — 13.5+8.2
(40.3-54.1) (156-175) (42-98) (15.8-34.7) (1.6-34.5)
Postmenopausal (& 34) 56.4+£3.0 166.8+6.2 67.7+11.9 24.3+3.9 6.1+3.4 122+7.2
(48.5-60.9) (156-182) (48-95) (18.3-33.9) (2-16) (2.4-26.6)

Values are given as mean + SD. Ranges are indicated in parentheses

Table 2. Results of quantitative computed tomographic analyses at the distal radius

Total BMD Trabecular Total bone Cortical bone

(glcn®) BMD (g/cnt®) area (mmi) area (mmi)
Premenopausal 320 £ 56 143 +40 328 £57 180 + 39
Postmenopausal 284 +%3 139 +43 345 + 68 185+ 44

Values are given as mean + SD
2 Significantly different from result in premenopausal gro&p<( 0.05)

Table 3. Coefficients of correlations between serum leptin and parameters of BMD and bone

geometry
Trabecular Total Cortical
Total BMD BMD bone area bone area
Premenopausal -0.04 0.12 -0.15 0.07
adjusted for BMI -0.14 -0.01 -0.19 -0.20
Postmenopausal 0.24 0.23 -0.04 0.14
adjusted for BMI 0.19 0.08 -0.17 -0.04

P > 0.05 for all correlations indicated

60); postmenopausal, women without menses for 6 months othe whole radial cross-section and the area attributed to cortice

more (n= 34). bone, respectively. These parameters were automatically calct
lated from the same slice using the iterative contour detectior
method, as described by Louis et al. [10].

Biochemical Measurements

Leptin serum concentrations were determined using a radioimmuStatistical Analysis
noassay, which has been described in detail elsewhere [9]. The

following serum markers of bone metabolism were determinedrhe Kolmogorov-Smirnov test was used to test for normal distri-
using commercially available assays: bone-specific alkaline phospution of all data. Associations are given as Pearson’s correlatio
phatase (Tandem® -R Ostase™; Hybritech Inc., CA), osteocalcioefficients. To account for the influence of body fat mass on both
(OSCAtest®, Henning Berlin GmbH, Berlin, Germany), procolla- |eptin levels and bone parameters, all correlation coefficients be
gen type | C-terminal propeptide (PICP; Orion Diagnostica, Es-tween leptin and these parameters were recalculated after adjus
poo, Finland), and collagen type | C-terminal telopeptide (Orionment for BMI. T-tests were used for comparisons between groups
Diagnostica, Espoo, Finland). In urine samples, concentrations od|| tests were two-tailed, and a 5% significance level was main-

immunogenic deoxypyridinoline (Pyrilinks-D™, Metra Biosys- tained. These calculations were performed using the SPSS sof
tems Inc., Palo Alto, USA) were measured and results were exyare, version 6.0 for Windows.

pressed relative to urinary creatinine levels.

Bone Density and Bone Cortex Geometry Results

Bone mineral density (BMD) and parameters of bone geometryThe clinical characteristics of the pre- and postmenopaus:
were determined by peripheral quantitative computed tomographgtudy participants are shown in Table 1. There was no sig
(pPQCT) (XCT-900; Stratec Inc.; Pforzheim, Germany) installed onnificant difference in leptin levels between the two groups
amoblle((j:iensnometrhy unit, elts d(le_scrlbed previously [(72 58]. In brl%f, P = 0.44). In the whole study population, leptin levels
computed tomographic single slice measurements (2.5 mm wi ; ; ; s '

were made at a site corresponding to 4% of the ulnar length proxi eLe gsss;clzalaieg E’)V(')t{] Wg'%ht étF O-'t?]S’ P < O'Or?]f) ﬁtnd BMI
mal to the radial endplate. Cortical bone was separated from trall = Y99 : ), but not with age or egnt.
becular bone by a built in software algorithm: the central 45% area . Results of the pQCT analyses at the distal radius art
of the radial cross-section was considered as trabecular bone. RgIVEN in Table 2. Significant differences between the pre-
sults were expressed as milligrams hydroxyapatite of calcium pe@nd postmenopausal groups were only found for total BMD
cubic centimeter. Total and cortical bone area represent the area P = 0.003). None of the indices of BMD or bone geometry
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was significantly associated with leptin serum concentrato serum leptin in our group of adult women. These findings
tions before of after adjustment for BMI (Table 3). Like- suggest that leptin’s influence is less significant for the ma-

wise, no significant association between serum leptin conture than for the growing skeleton.

centrations and levels of bone-specific alkaline phospha-
tase, osteocalcin, collagen type | C-terminal telopeptide, or

the deoxypyridinoline/creatinine ratio was detected in theacknowledgmentwe thank Serge Messerlian (McGill University,
premenopausal and postmenopausal groups after adjustmefiéntreal, Qc, Canada) for the linguistic revision of the manu-
for BMI (P > 0.2 each). PICP showed a significant (nega-script.

tive) correlation with serum leptin in postmenopausal
women only (r= -0.40 after adjustment for BMIP =
0.009).

1.
Discussion 2

It is a well-known fact that obesity is associated with higher 3.
bone density [11]. As highlighted in a recent tutorial, this
finding may be largely explained by the muscle-mediated
mechanical effects of increased body weight on bone [12].
However, many other factors including hormones might
modulate the response of bone to the higher strain associ-"
ated with increased body weight [11, 12].

Leptin might be thought to be such a modulator, as it is
implicated in a variety of hormonal feedback loops that
profoundly affect bone metabolism, such as the ACTH/
glucocorticoid and GHRH/GH axes [4]. Leptin might also
influence bone metabolism through it effect on bone mar- 6-
row cells [3], which are important regulators of bone me-
tabolism [13]. Whether or not leptin has a direct effect on
human bone cells has not been tested. In mice, the putativ
functional isoform of the leptin receptor appears to be ex-
pressed in bone during fetal development, but not postna-
tally [14, 15].

To analyze the relationship between leptin and the inte- 8.
grated activity of bone turnover in the entire skeleton, we
determined a set of biochemical parameters of bone me-
tabolism. These markers are thought to reflect either bone
formation (bone-specific alkaline phosphatase, osteocalcin,®:
PICP) or bone resorption (collagen type | C-terminal telo-
peptide, deoxypyridinoline) [16]. With the exception of
PICP in the postmenopausal group, none of these param-
eters were related to leptin levels. Although PICP is gener-

ally regarded as a marker of bone formation, its serum levelso.

are also influenced by collagen synthesis in skin and by the
rate of uptake in the liver [16]. Therefore, it is possible that
the negative association between PICP and leptin in post-
menopausal women may be either a chance finding or du
to an effect of leptin on skin or liver.

In addition to parameters of overall bone turnover, we
determined indices of bone density and bone geometry at

the distal radius, again, no relation to serum leptin levels 3.

was found. This is somewhat surprising, as both animal
experiments and a study in girls have found an effect of

leptin on cortical bone [5, 6]. However, these two studiesl4.

analyzed the effect of leptin on the growing skeleton
whereas we investigated adult individuals. It is therefore
conceivable that leptin influences modeling of growing

bones rather than remodeling of the mature skeleton. Howt>:

ever, as our densitometric analyses were limited to the distal
radius, we cannot exclude local effects of leptin at other
sites.

In summary, neither indices of overall bone turnover nor
results of bone densitometry at the distal radius were related

12.
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