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Leptin concentrations do not correlate with fat
mass nor with metabolic risk factors
“in morbidly obese females

P Garcia-Lorda*, M. Bullé*, R. Vila**, M. del Mar Grasa**,
M. Alemany** and J. Salas-Salvad6*

ABSTRACT. Aims: To investigate the determinants of leptinemia in a cohort of morbid obese females com-
pared to those of normal weight and mild-to-moderate obesity, and the relationships between leptin and
metabolic derangements associated with obesity. Methods: Recruited females were: moderately obese
[n=44; body mass index (BMI) 25-40 kg/m?], morbidly obese (n=34; BMI 240 kg/m?) and normal weight
volunteers (n=12; BMI 19-25 kg/m?). Fat mass assessed by bioelectrical impedance and fat distribution
by waist-to-hip ratio (WHR) were determined in all subjects. Biochemical determinations included plas-
ma leptin, lipoprotein profile, fasting insulin and cortisol. Results: Plasma leptin values were significant-
ly increased in morbid obese patients (54.95+1.8 ng/ml) compared to those moderately obese (30.2+£1.7
ng/ml; p<0.001) and to controls (9.77+1.4 ng/ml; p<0.001). Fat and age-adjusted leptin values were not
different between groups. When subjects with a BMI <40 kg/m? were considered, plasma leptin was sig-
nificantly and positively related to anthropometric variables (BMI, percentage body fat and WHR), to-
tal cholesterol, LDL-cholesterol, plasma triglycerides, AST, ALT and uric acid; and negatively with HDL-
cholesterol. In contrast, when morbidly obese patients were analyzed separately, no relationships were
observed between leptin concentrations and BMI, percentage of adipesity or biochemical variables. For
obese patients no significant differences were observed in the adjusted leptin values with respect to the
presence of diabetes, dyslipidemia or hypertension. Conclusions: In morbidly obese women, the plasma
leptin concentrations, although increased, do not reflect the amount of adipose stores, and as such, fac-
tors other than simply adiposity need to be invoked to explain the variation in leptin values.
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INTRODUCTION

Leptin, the obesity (ob) gene product, has been im-
plicated in body-weight regulation in mice and its de-
ficiency associated with the development of obesity
(1). In obese humans, however, increases in adipose
tissue expression of leptin mRNA and, concomitant-
ly, of circulating leptin concentrations have been
demonstrated, as well as strong correlations between
leptin values and various measures of obesity such as
body fat or body mass index (BMI) (2-4). Rather than
being seen as merely a marker of adiposity, a more ac-
tive role in body-weight control has been proposed for
leptin and this is inferred from the observation that
different factors, physiological and/or pathological,
can affect its concentrations (5-8). Most studies, even
when conducted on relatively large cohorts, have been
performed using lean or mildly obese subjects and,
often, the higher ranges of adiposity have not been ad-
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dressed. Morbid obesity represents an extreme state
of the disease that only some patients attain and is es-
timated to occur in no more than 0.5% of obese per-
sons, making it a relatively uncommeon disorder (9).
These patients, or a sub-population of them, could
have some specific characteristics that predispose to
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a progression toward the morbidly obese state. Al-
though decreased leptin production has been report-
ed recently in 2 severely obese children (10) and in 3
massively obese members of a Turkish family (11),
the role of leptin in the development, or maintenance,
of morbid obesity has not been fully investigated.

Leptin concentrations have been related to some of
the metabolic risk factors associated with obesity (12-
14). These relationships, however, could be artefac-
tual with adiposity acting as a confounding factor.
Hence we investigated the determinants of leptine-
mia in a group of morbidly obese females and com-
pared the findings with normal-weight and mild-to-
moderately obese females all of whom were weight-
stable and characterized on the basis of body com-
position and metabolic phenotype. A secondary aim
was to evaluate the relationships between leptin con-
centrations and other biochernical markers of metabol-

ic derangement associated with obesity, particularly

in relation to the presence of morbid obesity.

MATERIALS AND METHODS

Thirty-four morbidly obese BMI 240 kg/m? and 44
moderately obese (BMI 25-40 kg/m?) females were
consecutively recruited from among those attending
the Clinics of Obesity and Nutrition at the Hospital de

St. Joan de Reus. Twelve healthy, normal-weight fe--

males (BMI 19-25 kg/m?) recruited among the med-
- ical staff served as a control group. All subjects were
free of inflammatory or infectious diseases at the time
of admission, had thyroid hormones and basal corti-
sol levels within our reference range and none were

receiving anti-inflammatory medication, insulin, steroid -

preparations or hormone replacements. Patients were
requested to maintain their normal eating habits in the
week prior to admission and all of them reported be-
ing weight-stable over the previous 3 months. Obese
patients were subsequently classified on the basis of
metabolic complications of obesity. Type 2 diabetes
was concluded when a previous diagnosis had been

made or when a fasting glucose 27.0 mmol/] was de--

tected. HbA | 27.0% was considered as diabetes un-
der poor metabolic control. A previous or current find-
ing of plasma cholesterol 26.4 mmol/l, plasma triglyc-
erides 22.3 mmol/1 or LDL-cholesterol (LDLc) 24.1
mmol/] served to establish the classification of dys-
lipidemia. Patients with a previous history of hyper-
tension or 3 consecutive findings of systolic pressure
>150 mmHg or diastolic pressure 295 mmHg were
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classified as hypertensive. Hyperuricemic patients
were classified on the basis of the presence of uric acid
concentrations 2357 pmol/l or a previous diagnosis.
Data on cholelithiasis were obtained from previous
image analysis or from the report by the patient her-
self. '

After admission to the metabolic ward, fasting blood
samples were taken at 08:00 h for biochemical and
hormone analyses. Body composition measurements
were then performed. Height and weight were mea-
sured and BMI was calculated. Waist girth was mea-
sured at the minimum circumference between the il-
iac crest and the rib cage, hip girth at the maximum
width over the greater trochanters and the waist-to-
hip ratio (WHR) was then calculated. According to
the consensus document of the Spanish Society for
the Study of Obesity (SEEDO), abdominal fat distri-
bution for a female population was defined asa WHR
>0.9 (15). Whole body impedance at 50 kHz was mea-
sured using a tetrapolar bioelectrical impedanciome-
ter (Human-Im Scan®, Dietosystem, Spain) early in
the morning under fasting conditions and after void-
ing as we have described elsewhere (16). From these
measurements, fat-free-mass (FFM) was calculated
using the gender-specific equations validated by Se-

' gal et al (17). Fat mass (FM) was calculated as the dif-

ference between body weight and FFM. The mean co-
efficient of variation for within-patient impedance
measurements in our laboratory was 0.71%. On all
occasions, the observed impedance deviated from the
expected value by <3.5 Ohm.

Radioimmunoassay, using commercial kits, was used
to determine serum leptin concentrations (Linco Re-
search, St: Louis, MO, U.S.A.), fasting insulin (Amer-
sham, Little Chalfont, U.K.), and cortisol (DPC, LA,
U.S.A.). Within and between assay variation were
4.98% and 4.5% for leptin, 5.05% and 13.1% for in-
sulin, 4.31% and 5.2% for cortisol, respectively. The

hospital’s routine chemistry laboratory (TLab 900, In-

strumentarium Laboratories, Milan, Italy) assayed
plasma triglycerides and cholesterol by an enzimatic
method (CHOD-POD); HDL-, LDL- and VLDL-
cholestercl (HDLc, LDLc and VLDLe, respective-
ly), fasting ghuicose and uric acid concentrations bya
colorimetric method (ITC Diagnostics, Izasa SA);
and Jiver function tests by a kinetic methed (ITC Di-
agnistics, Izasa SA). HbA |, was determined by a mi-
croparticle immunoassay (Abbot, Illinois, US.A).
To control the existence of a negative short-term en-
ergy balance, possible energy restriction was indi-




rectly evaluated by determining plasma hydro-
xybutyrate concentrations using an espectophoto-
metric method (30UV kit, Sigma, St. Lonis, MO,
US.A). o

The study protocol was approved by the Ethics Com-
mittee of the Hospital de St. Joan and each subject
gave written, fully-informed consent to participate.
Statistical analysis was performed using the SPSS/PC
package. Leptin concentrations being skewed, the val-
ues were log-transformed so as to approach a normal
distribution as previously described (18, 19) and geome-
tric means are presented here. The same procedure was
used for insulin and triglyceride levels analysis. Dif-
ferences in mean values between groups were assessed
by one-way analysis of variance (ANOVA) and Scheffe
post-hoc tests, and the contingency table chi-square
test was used to analyze qualitative traits. Regression
analyses were conducted for quantitative variables and
regression coefficients (r) were derived. A multiple
stepwise regression analysis was conducted to identi-

Table 1 - Characteristics of the study subjects.

Leptin and morbid obesity

fy the factors affecting leptin concentrations and at
which age, BMI, percentage body fat, WHR and in-
sulin were entered as independent variables. The un-
explained residual of leptin values in each subject was
calculated by the general linear model procedure intro-
ducing age and percent body fat as covariates since
these were the only variables that significantly corre-
lated with leptin concentrations. The adjusted leptin
values for each individual were calculated by adding
the individual’s residual leptin value to the mean lep-
tin value of the whole group or to the mean leptin val-
ue of the obese patients when this group was analyzed
separately. Statistical significance was accepted at
p<0.05. .

RESULTS

Table 1 shows the characteristics of the study group.
Significant differences in all anthropometric mea-
surements were observed between groups. Control

Controls Moderate obese Morbid obese

(n=12) (n=44) (n=34)
Age (yr) 30.67 (9.5) 45.36 (11.8)* 42.0 (9.9)*
Body mass index (kg/m%) 21.09(1.6) 34,10 (4.0)%% 46.38 (4.3
Body fat (%) 26.61 (2.9) 43.60 (3.6)% 50.71 (2.2)*
Waist-to-hip ratio 0.79 (0.04) 0.91 (0.1)? 9.88 (O.'I bl
Fasting glucose (mmoi/h) 4.83 (0.3 6.121.2) 6.86 2.7y
Plasma cholesterél {mmol/) 4.86 (0.7) 577 (1.1)* 5.35(0.8)
LDL—choIésterol (mimol/1) 2.61(0.6) 3.62 (1.03)* 3.24 (0.6)
VLDL-cholesterol {(mmol/l) 0.35 (0.2) 0.66 (0.3)* 0.63 (0.3)*
HDL-cholesterol (mmol/l) 1.91{0.3) 1.36 {0.4)* 1.38 (0.3)
Triglycerides (mmol/l)® 0.69 (0.5) 1.34 (0.6)* 1.28 (0.6)*
Urates (umol/l) 153.4 (32.9) $ 248.6 (79.0)* 239.5 (63.0)
ALT (ukat/l) 0.22 (0.05) 0.49 (0.2)* 0.48 (0.3)*
AST (ukat/) - 0.17 (0.06) 0.32 (0.2) 0.36 (0.3)*
Fasting insulin (nmol/M)? 0.24 (0.46) 0.48 (0.53)** 0.90 (0.48)*
Cortisol (nmol/l) 570.7 (294.2) ~403.6 (209.2) 349.1 (152.5)*
Leptin (ng/mi)® 9.77 (1.4) 30.20 (1.7)% 54.95 (1.8)*

Results are expressed as mean (standard deviation). *Leptin, insulin and triglyceride values are presented as the geometric mean. *p<0.05 and
*p<0.001 vs control subjects; ¥p<0.005 and $p<0.001 vs morbid obese patients (Scheffe test after significant analysis of variance).
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Table 2 - Correlation of fasting plasma leptin with body comp

metabolic derangements associated with obesity in subjects with

osition parameters and with hormonal or biochemical maorkers of

body mass index (BMI) below or above 40 kg/m?.

Overall study group (n=90)

BMI<40 kg/m? (n=56)

BMI240 kg/m? (n=34)

Leptin  Log leptin Leptin  Log leptin Leptin Log leptin
BMI 0.56* 0.75** 6.70* 0.82" -0.06 -0.01
Fat mass 0.56** 0.74* 0.69** 0.80™ 0.016 -0.01
percent body fat 0.53* .77 0.64* 0.77% -0.06 0.03
Waist circurnference 0.47* 0.72** 0.65** QT -0.28 -0.20
Waist-to-hip ratio -0.03 0.7 0.36%* 0.46™ -0.39*  -0.39*
Log:fasting insufin 0.39* 0.47** - 0.35% 0.35** 0.14 0.13
Plasma cholesterol 0.11 0.24* 0.37* 0.43= -0.003 0.08
HDL-cholesterol -0.25* -0.41** —0.40" -0.51** -0.01 -0.01
LDL-cholesterol 017 032 0.44*  0.50* -0.009 0.09
Log triglycerides 0.08 019 0.23 0.31" -0.14 -0.20
AST 0.27* 0.35* 0.31* 0.37* 0.21 0.28
ALT - 0.08 0.19 0.16 0.28* 0.01 0.06
Urates 0.27* 0.43** 0.57** 0.54* -0.07 0.06

*p<0.05; **p<0.01.

subjects were younger than the patient groups but
no differences in age were observed between the pa-
tient groups. Fasting glucose, lipid concentrations,
urate and hepatic enzymes were significantly in-
creased in patients compared to controls and slight-
ly higher in morbid obese patients than in their mod-
erately obese counterparts although the differences
between the groups of patients were not statistical-
ly significant. Fasting insulin and plasma leptin con-
centrations were significantly increased in morbid
obese patients compared either to control subjects -
or to moderately obese patients. As shown in Table
2, plasma leptin concentrations were strongly corre-

" lated with BMI, FM, percentage body fat (Fig. 1) and

waist circumference but not with WHR in the over-
all study group. When adjusted for the degree of adi-
posity and age, no significant differences in leptin
values between any of the groups were found.

As shown in Table 2, when subjects with BMI <40
kg/m? were considered separately, plasma leptin was
strongly related to all anthropometric variables (BMI,
percent body fat and WHR). Leptin was still signifi-
cantly related to overall adiposity (r=0.59; p<0.01)
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and BMI (r=0.67; p<0.01) when the analysis was re-
stricted to the moderately obese group. On the other
hand, when the morbid obese group was analyzed
separately, leptin values were inversely related only
with WHR with no significant relationships with BMI
or percent body fat. A positive relationship was ob-
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Fig. 1 - Relationship between plasma leptin concentrations
and body mass index (BMI) or percentage of bedy fat in the
overall study group (n=90).
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served between leptin and fasting insulin for the over-
all study group and when subjects with BMI<40 kg/m?
were considered, but this association was not signif-
icant when the analysis was performed separately for
subjects above the BMI cut-off of 40 kg/m?. Simi-
larly. plasma leptin correlated s1gmﬁcantly with lipid
profiles, hepatic enzymes and uric acid concentra-
tions in the group of subjects with BMI<40 kg/m?
but, except for a negative correlation with fasting glu-
cose (7=-0.39, p<0.05), no relationship between lep-
tin and any of these biochemical variables was ob-
served for the morbidly obese group. When adjusted
for adiposity and age in the overall study group, lep-
tin was not related to any of the biochemical nor to
hormone parameters assessed and only a negative re-
lationship with fasting glucose (r=-0.29, p<0.05) was
observed.
Two morbidly obese patients admitted to some en-
ergy restriction, as did 2 from the overweight group.
Two further patients in the moderately obese group,
one control and one morbidly obese subject had hy-
droxybutyrate values beyond the ketosis range. No
significant differences in absolute or adjusted lep-
tin values were observed between these individuals
and their non-ketotic counterparts and when these
were excluded from the statistical analysis, the lep-
tin values were still strongly related to adiposity in
the moderately obese group but not in the morbld
- obesity group.
In the patient groups, 23% were classified as dia-
betic, 32.5% as affected from dyslipidemia, 38% as
hypertensive, 9.5% as hyperuricemic, 18% had a
previous history of cholelithiasis and 43% had ab-
dominal fat distribution. Between groups, (Type 2
diabetes mellitus and hypertension were more fre-
quent in the morbidly obese subjects than in the
moderately obese (12 out of 34 vs 6 out of 44 and
17 out of 33 vs 12 out of 44 respectively; p<0.03).
. The frequencies of dyslipidemia and cholelithiasis
were lower in the morbidly obese group than in the
moderately obese group (8 out of 33 vs 17 out of
44 and 4 out of 31 vs 9 out of 42, respectively) al-
though the differences were not statistically signif-
icant. No significant differences were observed in
adjusted leptin values between diabetic patients and
their non-diabetic counterparts. Among diabetic pa-
tients, only 4 were not under good metabolic con-
trol. These patients presented lower adjusted leptin
levels than their well-controlled diabetic counter-
parts (23.44x1.19 ng/ml vs 41.69+1.1 ng/ml). Even
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after their exclusion from the statistical analysis, no
differences in leptin levels were observed between
diabetic and non-diabetic patients. When compared
with respect to the presence or absence of abdom-
inal fat distribution, hypertension, hyperuricemia,
dyslipidemia or cholelithiasis, the adjusted leptin
values were not significantly different between the
patient groups (data not shown). -

DISCUSSION

The results of the present study suggest that in mor-
bidly obese females plasma leptin concentrations
are not as strongly determined by total adiposity as
in general populations, and, probably, other factors
are more important in determining leptinemia in this
population.

Several studies have described the positive rela-
tionship between leptinemia and adiposity in gen-

~eral populations which suggests that, in humans,

serum leptin concentrations reflect the amount of
body adipose tissue (3, 4, 20): A strong relationship
between leptin levels and adiposity indices (BMI,
percent body fat) was observed in the present study
when the overall study group was assessed. How-
ever, these relationships disappear when the mor-
bidly obese patients are assessed separately (q.v. the
dispersion observed in Figure 1 of those with BMI
240 kg/m?). This same lack of relationship for sub-
jects in the high range of adiposity can be seen in
the graphical data presented in published reports but
with respect to which no comments appear in the .
text (4, 21). To-date, most of the studies have been
performed in lean or mildly obese subjects and the
higher ranges of adiposity have not been addressed.
A recent study, conducted in a large sample of black
subjects (BMI ranged 14-62 kg/m?), reported an ex-
ponential relationship between plasma leptin and fat
mass ie a loss of linearity in this relationship at the
upper extreme of the BMI distribution curve (18).
In two studies conducted on extremely obese fe-
males (12,'22) and in which, incidentally, FM had
not been assessed, the reported relationship between
leptin concentrations and BMI appeared weaker than
expected. Further, no relationship between leptin
gene expression and BMI had been observed in
omental or subcutaneous adipose tissue from very

. obese patients (23). This suggests that metabolic re-

sponses 1n the morbidly obese differ considerably
from those of the general population. In the present
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- study (in which body composition was measured)

Jeptin concentrations appeared to bé independent of
the degree of adiposity for the morbidly obese group
of patients. It needs be noted that the estimation of
fat mass with bio-electrical impedance analysis is
liable to increased inaccuracy when applied to the
massively obese patient but, nevertheless, this find-
ing is validated by the same lack of correlation ob-
served with BMI in this group of patients. It may be
suggested that this lack of correlation could be due
to the narrower range of adiposity represented in the
morbid obesity group. However, with respect to the
moderately obese group, leptin is still strongly re-
lated to overall adiposity and BMI even though the
range of BMI is narrower than that of the morbid
obesity group (25.9 to 39.5 vs 40.3 to 55.8 kg/m?,
respectively).

Different factors are known to affect leptin concen--

trations. Since gender differences with respect to
leptin concentrations have been well documented
(24, 25), the present study was conducted only in
fernales. In addition, short-term negative energy bal-
ance has been shown to induce acute changes in lep-
tin values (26, 27). In the present study, energy re-
striction, as confirmed by hydroxybutirate determi-

nations, did not appear to be a determinant of inter--

group differences. Moreover, no clinical evidence
of recent changes in body composition had been not-
ed in our study subjects since this was a selection
criterion for inclusion in the study.

Insulin has been suggested as a factor in the regu-
Jation of leptin synthesis and secretion (19, 28-30).
Since the number of diabetics was significantly high-
er in the morbid obesity group (and with a greater
degree of hyperinsulinemia) it could be that this fac-
tor induced the high variability of leptinemia despite
a similar degree of adiposity in these subjects. How-
ever, the same magnitude of relationship between
Jeptin and insulin was observed in the overweight
as well as in the morbidly obese patients. Moreover,

" when diabetic and non-diabetic patients were com-

pared, no differences in the adjusted leptin concen-
trations were observed. This finding is in agreement
with previous studies such as that conducted by
Haffner et al (31) on a large sample of diabetic and
non-diabetic Mexican-Americans. Similarly, Clement
et al (12) in a study of 241 morbidly obese patients,
failed to find differences in leptin concentrations be-

_tween normoglycemic, glucose intolerant and well-

controlled diabetic patients of similar BMI; only pa-
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tients with poorly-controlled diabetes showed sig-
nificantly lower leptinernia. Accordingly to Clement
et al, the four diabetic patients with poor metabolic
control in our study presented lower adjusted leptin
levels than their well-controlled diabetic counter-
parts. However, their exclusion from the statistical
analysis, does not entail differences in leptin levels
between diabetic and non-diabetic patients. Although
an effect of insulin resistance on the high variabili-
ty observed at the high end of the range of adiposi-
ty cannot be excluded from these data, its exact role
would require further, longitudinal studies.

In our morbid obese patients, leptin concentrations
were not related to indices of general adiposity but
with a negative cormrelation only with WHR. This
negative association between leptin and abdominal
fat deposit in morbid obese subjects is consistent with
that reported by Lonnqvist et al in a sub-population
of females but not in males (22). Since some metabol-
ic diseases are related to abdominal fat content, it
could be suggested that, in markedly obese females,
leptin could play a protective role against some
metabolic derangement associated with obesity. Lon-
nqvist et al suggested that this hypothesis could be
supported by the lack of relationship between leptin
and markers of cardiovascular risk in morbidly obese
patients. In our morbid obesity group, no relation-
ship was observed between circulating leptin con-
centrations and lipid profile or insulin values. This
cannot be interpreted as a direct protective effect of
leptin per se since leptin does not correlate with these
markers in the overall study group when the effect
of fat mass is controlled. Moreover, when our sub-
jects were classified on the basis of other secondary
complications of obesity, no differences in leptin lev-
els were observed irrespective of the presence or ab-
sence of any such complications. '
In conclusion, in morbidly obese patients the plasma
leptin concentrations although increased do not re-
flect the amount of adipose stores, and, as such, fac-
tors other than simple adiposity need to be invoked
to explain the variation in leptin values. Whether this
is the result of a distorted leptin production in mas-
sive obesity or an adaptive mechanisim that prevents
further weight gain when the morbid state is reached
remnains to be elucidated. Longitudinal studies in wider
samples are needed to explore the possible protective
effect in the extreme range of adiposity as well as the
associated factors affecting leptin production in mor-
bidly obese patients.

A
-
g;
&
¥
S




ACKNOWLEDGEMENTS

This study was funded, in part, by a grant from the Fondo In-
vestigaciones Sanitarias de la Seguridad Social (FISS No.
98/0284). Ménica Bullé was in receipt of 2 research fellowship
from the Direccié General de Recerca under the Formaci6 de
Personal Investigador CIRIT program.

REFERENCES
1.

10.

Pelleymounter M.A., Cullen M.J., Baker M.B., Hecht R.,
Winters D-, Boone T., Collins F.: Effects of the obese gene
product on body weight regulation in ob/ob mice. Science
269: 540-543, 1995.

Lbnnqvist F., Amer P., Norfords L., Schalling M.: Over-

expression of the obese (ob) gene in human obese subjects.
Nar. Med. 1: 950-953, 1995,

Maffei M., Halaas J., Ravussin E., Pratley R.E., Lee G.H,,
Zhang Y., Fei H,, Kim S., Lallone R., Ranganathan $.: Lep-
tin levels in human and rodent: measurement of plasma
leptin and obRNA in obese and weight-reduced subjects.
Nat. Med. 1: 1155-1161, 1993.

Considine R.V., Sinha M K., Heiman M.L., Kriauciunas
A, Stephens T.W., Nyce M.R., Ohannesian J.P., Marco
C.C., McKee LJ., Baver T.L.: Serum immunoreactive-lep-
tin concentrations in normal-weight and obese hurnans. M.
Engl. J. Med. 334: 252-295, 1996.

Auwerx J., Staels B.: Leptin. Lancer 351: 737-742, 1998.
Remesar X., Rafecas 1., Fernandez-Lopez J.A., Alemany
M.: Leptin. Med. Res. Rev. 17: 225-234, 1997.

Fox C., Esparza J., Nicolson M., Bennet P.H., Schulz L.O.,
Valencia M.E., Ravussin E.: Plasma leptin concentrations
in Pima Indians living in drastically different environments.
Diabetes Care 22: 413-417, 1999.

. Tuominen J.A., Ebeling P., Laquier F.W., Heiman M.L.,

Stephens T., Keivisto V.A.: Serum leptin concentration
and fuel homeostasis in healthy man. Eur. J. Clin. Invest.
27:206-211, 1997.

-Stunkard A.J.: An overview of current treatments for obe-

sity. In: Wadden T.A., Van Itallie T.B. (Eds), Treatment
of the seriously obese patient, Guilford Press, New York,
1992, pp. 33-43.

Montague C.T., Faroogi 1.S., Whitehead J.P., Soos M.A.,

Raun H., Wareham N.I., Sewter C.P., Digby I.E., Mo-
hammed S.N., Hurst J.A., Cheetham C.H., Earley AR,

~ Barnett A.H,, Prins J.B., O’Rahilly S.: Congenital leptin

1L

12,

s

deficiency is associated with severe early-onset obesity in
humans, Nature 387: 903-908, 1997.

Strobel A., Issad T., Camoin L., Ozata M., Strosberg A.D.:
A leptin missense mutation associated with hypogonadism
and morbid obesity. Nat. Genet. 18: 213-215, 1998.
Clément K., Lahlou N., Ruiz J., Hager J., Bougneres P.,
Basdevant A., Guy-Grand B., Froguel P.: Association of
poorly controlled diabetes with low serum leptin in mor-
bid obesity. Int. J. Obes: Relat. Metab. Disord. 21: 556-
561, 1997.

- — .

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

23.

Leptin and morbid obesity

Haffner SM., Mykkinen L., Rainwater D.L., Karhapiia P.,
Laakso M.: Is leptin concentration associated with the in-
sulin resistance syndrome in nondiabetic men? Obes. Res.
7: 164-169, 1995.

Fruehwald-Schultes B., Peters A., Kern W., Beyer ],

Pfutzner A.: Serum leptin is associated with serum uric acid
concentrations in humans. Metabolism 48: 677-680, 1999.

1995 Spanish Consensus for the evaluation of obesity and
the performance of epidemiologic studies [Spanish]. Med.
Clin. (Barc.) 107: 782-787, 1996.

Valtuefia S., Salas-Salvadé J., Lorda P.G.: The respirato-
ry quotient as a prognostic factor in weight-loss rebound.
Int. J. Obes. Relat. Metab. Disord. 21: 267-273, 1997.

Segal K.R., Van Loan M., Firzgerald P.I, Hodgdon LA,
Van Itallie T.B.: Lean body mass estimation by bioelec-

trical impedance analysi$: a four-site cross-validation study.

Am. J. Clin, Nutr. 47: 7-14, 1988.

Luke A.H., Rotimi C.M., Cooper R.S., Long A.E., Forrester
T.E., Wilks R., Bennett F.I., Qgunbiyi O., Compton LA.,
Bowsher R.R.: Leptin and body composition of Nigerjans,
Jamaicans and US blacks. Am. J. Clin. Nutr. 67: 391-396,
1998.

Zimmet P.Z., Collins V.R., de Courten M.P., Hodge A M.,
Collier G.R., Dowse G.K., Albertt K.G., Tuomilehio J,,
Hemraj F., Gareeboo H., Chitson P., Fareed D.: Is there a
relationship between leptin and insulin sensitivity ince-
pendent of obesity? A population-based study in the Indi-

an Ocean nation of Mauritius. fnt. J. Obes. Relat. Metab.

Disord. 22: 171-177, 1998.

Christensen J.0., Svendsen O.L., Hassager C., Christiansen
C.: Leptin in overweight postmenopausal women. No re-
lationship with metabolic syndrome X or effect of exer-
cise in addition to diet. Int. J. Obes. Relar. Metab. Disord.
22: 195-199, 1993.

Zimmet P,, Hodge A, Nicolson M., Staten M., de Courten
M., Moore J., Morawiecki A., Lubina J.. Collier G., Al-
berti G., Dowse G.: Serum leptin concentration, obesity.
and insulin resistance in Western Samoans: ¢ross section-
al study. Br. Med. J. 313: 965-969, 1996.

Lénnqvist F., Wennlund A., Amer P.: Relationship be-
tween circulating leptin and peripheral fat distribution in
obese subjects. Int. J. Obes. Relat. Metab. Disord. 21: 255-
260, 1997.

Hube F., Lietz U., Jensen P.B., Torngvist H., Joest H.G.,
Hauner H.: Difference in leptin mRNA levels between
omental and subcutaneous adipose tissue from obese hu-
mans. Horm. Metab. Res. 28: 690-693, 1996.

Saad M.F., Damani S., Gingerich R L., Riad-Gabriel M.G.,
Khan A., Boyadjan R., Jinagouda S.D., el-Tawil K.. Rude
R.K., Kamdan V.: Sexual dimorphism in plasma leptin
concentration. J. Clin. Endocrinol. Metab. 82: 579-584,
1997. -

Bennett F.I., McFarlane N., Wilks R., Luke A., Cooper
R.S., Forrester T.E.: Leptin concentration in women s in-
fluenced by regional distribution of adiposity. Am. J. Clin.
Nutr. 66: 1340-1344, 1997,

DNM, Vol. 14, N.6 335




P -‘frz';:z’rcfa-Larda-. M. Bulls, R. Vila, et al

i on $.K., Askari H., Landt M.L., Nathan D.M.,
% SGcr;lgzﬁgcld D.A., Hayden D.L., Laposata M., Hubbard J.,
Klibanski A.: Effects of fasting and glucose infusion on
basal and overnight leptin concentrations in normal-weight
women. Am. J. Clin. Nurr, 66: 1352-1356, 1997.
. CellaF., Adami G.F., Giordane G., Cordera R.; Effects of di-
etary restriction on serum leptin concentration in obese wom-
en. Int. J. Obes. Relat. Metab. Disord. 23: 494497, 1999,
. Kolaczynski J.W., Nyce M.R., Considine R.V., Boden G.,
Nolan I.J,, Henry R., Mudaliar S.R., Olefsky J., Caro 1.F.
Acute and chronic effect of insulin on leptin production in hu-
mans. Studies in vivo and in vitro. Diabetes 45: 699-701, 1996,

DNM. Vol. 14 N &

29. Malmstrém R., Taskinen M.R., Karonen S.L., Yki-J4rvi-

nen H.: Insulin increases plasma leptin concentrations in
normal subjects and patients with NIDDM. Diaberologia
39: 993-99¢6, 1996. ;

.- Widjaja A., Stratton LM., Hom R., Holman R.R., Tumer

R., Brabant G.: UKPDS: Plasma leptin, obesity, and plas-
ma insulin in type 2 diabetic subjects. J. Clin. Endocrinol.
Metab. 82: 654-657, 1997.

. Haffner $.M., Stern M.P., Miettinen H., Wei M., Gin-

gerich R.L.: Leptin concentrations in diabetic and non-
diabetic Mexican-Americans. Diaberes 45: 822-824,
1996. )

et SR A 3y, T e R gl 1D

el e 11 N ey,




