European Journal of Endocrinology (1998) 139 598-604

ISSN 0804-4643

Insulin resistant phenotype is associated with high
serum leptin levels in offspring of patients with
non-insulin-dependent diabetes mellitus

llkka Vauhkonen, Leo Niskanen, Steven Haffner®, Sakari Kainulainen?, Matti Uusitupa® and Markku Laakso

Departments of Medicine, 2Clinical Radiology and Clinical Nutrition, Kuopio University Hospital and University of Kuopio, Kuopio, Finland and

1Department of Medicine, The University of Texas, San Antonio, Texas, USA

(Correspondence should be addressed to L Niskanen, Department of Medicine, University of Kuopio. PO Box 1777, FIN-70211 Kuopio, Finland)

Abstract

Objective: To investigate whether there are differences in serum leptin levels between the offspring of
non-insulin-dependent diabetes mellitus (NIDDM) patients representing different phenotypes of
NIDDM, and furthermore to investigate the role of different fat tissue (subcutaneous fat area
(SCFAT) and intra-abdominal fat area (IAFAT)) and insulin sensitivity on serum leptin levels.

Design: Twenty non-diabetic offspring of NIDDM patients with insulin secretion deficient phenotype
(IS-group), 18 non-diabetic offspring of NIDDM patients with insulin resistant phenotype (IR-group)
and 14 healthy control subjects without a family history of diabetes were studied.

Methods: Serum leptin levels were measured by RIA. SCFAT and IAFAT were measured by computed
tomography, the total fat mass (TFM) by bioelectrical impedance and the whole body glucose uptake
(WBGU) by the euglycemic hyperinsulinemic clamp technique.

Results: Subjects of the control group (P =0.003) and the 1S-group (P<0.001) had lower serum leptin
levels than subjects of the IR-group even after adjustment for gender (P<0.001), TFM (P =0.009),
fasting plasma insulin (P=0.003) and for IAFAT (P<0.001). The differences weakened after
adjustments for SCFAT (P =0.028) or WBGU (P =0.040) and disappeared after adjustment for both
SCFAT and WBGU (P = 0.058). In the stepwise multiple regression analyses SCFAT, WBGU and gender
explained 58% of the variation of serum leptin levels whereas IAFAT failed to be a significant
determinant of serum leptin levels.

Conclusions: The higher serum leptin levels in the IR-group was markedly, but not solely, explained by
lower rates of WBGU and higher SCFAT. SCFAT was shown to be a more important determinant of

serum leptin levels than IAFAT among these study groups.
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Introduction

Leptin, the obese (ob) gene product, has been shown to
be expressed in adipocytes in humans and animals (1-6).
It has been proposed to act as a satiety factor between
adipose tissue and the central nervous system (7-9).
Both human and animal studies have indicated a strong
positive relationship between the amount of adipose
tissue and serum leptin levels (7). There is, however, a
wide variation in serum leptin levels among individuals
with similar body mass index (BMI) or fat mass (10-12)
indicating that there are also other modifiers of serum
leptin levels. Long-term exogenous hyperinsulinemia
leads to increase in ob gene expression and plasma
leptin concentrations in both humans and animals
(13-17). Furthermore, insulin resistance is associated
with elevated serum leptin levels (18—-20). Both sub-
cutaneous and intra-abdominal adipose tissues express
leptinmRNA (2,5, 6, 21), but their relative importance for
leptin secretion has remained controversial. Furthermore,

© 1998 Society of the European Journal of Endocrinology

serum leptin levels have been found to be higher in
women than in men (21-23) and this could be
explained partly by divergent overall adiposity and/or
regional body fat distribution.

In the present study, we investigated whether there
are differences in serum leptin in well-characterized
non-diabetic offspring of non-insulin-dependent dia-
betes mellitus (NIDDM) patients with both insulin
secretion deficient phenotype (IS-group) and insulin
resistant phenotype (IR-group) and in control subjects
without a family history of diabetes. Furthermore,
we studied the association of insulin sensitivity, fat
distribution and body fat mass with serum leptin levels.

Methods

Subjects

The subjects for the present study were offspring of
the patients with newly diagnosed NIDDM who were
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originally studied in 1979-1981. The formation and
representativeness of the study population have been
described earlier in detail (24-27). We have followed
these patients for over 10 years and performed repeated
oral glucose tolerance tests (baseline, 5 years, 10 years).
The index patients were subdivided into two groups on
the basis of fasting C-peptide value at the 10-year
follow-up study: (i) NIDDM patients with low fasting C-
peptide level (<450 pmol/l) reflecting deficient insulin
secretion capacity; and (ii) NIDDM patients with high
fasting C-peptide level (=880 pmol/Il) reflecting insulin
resistance. Probands with glutamic acid decarboxylase
and/or islet cell antibody positivity (11 patients
altogether) were excluded. Additional exclusion criteria
for the selection of the offspring were: (i) diabetes
mellitus in both parents or in the offspring; (ii)
dyslipidemia (serum total triglycerides >2.5 mmol/l);
(iii) drug treatment or any disease that could potentially
disturb carbohydrate metabolism; (iv) pregnancy; (v)
overt psychiatric disease; and (vi) age under 30 or over
55 years.

Offspring of the probands with low fasting C-
peptide (<450 pmol/l) (IS-group) The IS-group con-
sisted of 20 subjects (15 women and 5 men) who were
offspring of 11 probands (28). One to three subjects
from each family were included. The mean age of the
probands was 68.4 years, their mean BMI was 28.1 kg/
m? and their mean fasting C-peptide was 350 pmol/l at
the 10-year follow-up.

Offspring of the probands with high fasting C-
peptide (>880pmol/l) (IR-group) The IR-group
consisted of 18 subjects (11 women and 7 men) who
were offspring of nine probands (28). One to three
offspring from each family were included. The mean age
of the probands was 65.7 years, their mean BMI was
32.0kg/m? and their mean fasting plasma C-peptide
was 980 pmol/I.

Control group The control subjects had to fulfill the
following inclusion criteria: (i) age from 30 to 55 years;
(if) no diabetes; (iii) first degree relatives without a
history of diabetes; (iv) no drug treatment or any disease
that could potentially disturb carbohydrate metabolism;
(v) BMI within the range of mean = 2s.p. of the BMI in
the IS- and IR-groups; and (vi) no history of hyperten-
sion. Altogether 17 subjects met the inclusion criteria.
Three of the 17 subjects had dyslipidemia in the
examination and were therefore excluded (28). Thus,
the control group consisted of 14 offspring (5 men and 9
women) of eight probands. One to three subjects from
each family were examined. The mean age of the
probands was 64.7 years, their mean BMI was 26.0 kg/
m? and their mean fasting plasma C-peptide was
480 pmol/I.
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Study protocol

The subjects were admitted to the metabolic ward of the
Department of Medicine of the Kuopio University
Hospital for 2 days. On the first day, after 12 h, the
bioelectric impedance measurement was performed
followed by an oral glucose tolerance test. On the
second day the hyperinsulinemic euglycemic clamp test
was performed. Within 1 month after these examina-
tions a computed tomography (CT) of the abdominal fat
was performed.

The protocol was approved by the Ethics Committee of
the Kuopio University Hospital and the University of
Kuopio. Informed consent was given by all the subjects
studied.

Body composition and fat distribution

Body composition was determined by bioelectrical
impedance (RJL Systems, Detroit, MI, USA) in the
supine position after 12 h fast (29).

Abdominal fat distribution was evaluated by CT
(Somatom Plus S, Siemens, Erlangen, Germany) accord-
ing to the method of Sjostrom et al. (30). Briefly, the
scanning was performed with 120kV and the slice
thickness was 10 mm. The subjects were examined in
the supine position with their arms stretched above
their heads. The fourth lumbar vertebra (L4) was
mapped with a radiograph of the vertebral spine and
one scan from that level was obtained. Total and
visceral fat areas were calculated by delineating the area
by graph pen and then computing the adipose tissue
surfaces with an attenuation range of —30 to —190 HU
(30-31). Visceral fat area was calculated by drawing a
line within the muscle wall delineating the abdominal
cavity. Subcutaneous fat area (SCFAT) was measured by
subtracting the amount of visceral fat from the total fat
area. The radiologist (SK) evaluated the amount of
visceral and abdominal fat without knowledge of the
group to which the subjects belonged.

Euglycemic clamp

The degree of insulin resistance was evaluated with the
euglycemic hyperinsulinemic clamp technique (32). A
priming dose of insulin infusion (Actrapid 100 IU/ml,
Novo Nordisk, Gentofte, Denmark) was administered
during the initial 10 min to acutely raise plasma insulin
to the desired level, where it was maintained by
continuous insulin infusion at a rate of 80 mU/m?
body surface area per min. Blood glucose was clamped
at 5.0mmol/I for the next 180 min by infusing 20%
glucose at varying rates according to blood glucose
measurements performed at 5-min intervals (mean
coefficient of variation of blood glucose was <4% in both
study groups and control group). The data were
calculated for each 20-min interval; the mean value
for the period from 120 to 180min was used to
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calculate the rates of whole body glucose uptake
(WBGU).

Assays and calculations

Blood glucose in the fasting state and during clamp were
measured by the glucose oxidase method (Glucose &
Lactate Analyzer 2300 Stat Plus, Yellow Springs
Instrument Co. Inc., Yellow Springs, OH, USA). For
the determination of plasma insulin, blood was collected
into EDTA tubes. After centrifugation, the plasma for
the determination of insulin was stored at —20 °C until
analysis. Plasma insulin was determined by RIA
(Phadeseph Insulin RIA 100, Pharmacia Diagnostics
AB, Uppsala, Sweden). Leptin was measured by a
commercial RIA (Linco Research Inc., St Louis, MO,
USA) (33).

Statistical analysis

All calculations were performed with the SPSS for
Windows program (SPSS Inc., Chicago, IL, USA). Data
are shown as means +s.e.m. The differences among
the three groups were tested by one-way ANOVA. Only
in cases of P<0.05 were two groups compared. The
differences between the two groups were analyzed
by the Student’s t-test for unpaired samples or by the
x“-test when appropriate. Pearson and adjusted (partial)
correlation coefficients were calculated for selected
variables. Determinants of serum leptin levels were
evaluated by multiple linear regression analysis.

Results

Clinical and biochemical characteristics of the
study subjects

Table 1 shows the clinical and biochemical character-
istics of the study subjects. The groups were comparable
with respect to age and gender. The IR-group had
higher BMI and total fat mass (TFM) than the control
group (P =0.008 and P = 0.032 respectively) or the IS-
group (P<0.001 and P=0.031 respectively). Fasting
blood glucose did not differ among the study groups.
The IR-group had higher fasting plasma insulin than
the control group (P=0.015) or the IS-group
(P=0.006). The IR-group had lower rates of WBGU
than the control group (P<0.001) and the IS-group
(P<0.001). Furthermore, the IR-group had higher
SCFAT and intra-abdominal fat area (IAFAT) than the
control group (P =0.020 and P = 0.035 respectively) or
the IS-group (P =0.004 and P =0.058 respectively).
The IR-group had higher fasting serum leptin levels
than the control group (P<0.001) or the IS-group
(P<0.001). The differences between the serum leptin
levels persisted after adjustments for gender (F=17.1,;
P<0.001), TFM (F=5.2; P=0.009), fasting blood
glucose (F=9.1; P<0.001), fasting plasma insulin
(F=5.9; P=0.003), glucose tolerance (F=7.9;
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P<0.001) and for IAFAT (F=9.4; P<0.001). How-
ever, the differences weakened after adjustments for
SCFAT (F =3.9; P=0.028), WBGU (F = 3.4; P =0.040)
and for both (SCFAT = WBGU) (F=3.0; P =0.058).

Correlations between body composition,
abdominal fat distribution, insulin sensitivity
and serum leptin levels

Control group TFM was correlated with serum leptin
levels after adjustment for gender (r=0.97, P<0.001).
A highly significant correlation between SCFAT and
serum leptin levels was observed after adjustment for
gender (r=0.83, P<0.001), but it vanished when
adjusted for both gender and TFM (r=0.14, P=NS).
Furthermore, there was a correlation between IAFAT and
serum leptin levels after adjustment for gender (r=0.67,
P=0.011), but it vanished after adjustment for both
gender and TFM (r=0.28, P=NS). WBGU correlated
inversely with serum leptin levels after adjustment for
gender (r=—0.77, P=0.002), but vanished when
adjusted for both gender and TFM (r=0.08, P =NS).

IS-group Interestingly, there was no correlation
between TFM and serum leptin levels even after
adjustment for gender (r=0.11, P=NS). A significant
correlation between SCFAT and serum leptin levels was
found after adjustment for gender (r=0.52, P =0.022)
and further, for both gender and TFM (r=0.54,
P=0.022). There was a trend of correlation between
IAFAT and serum leptin levels after adjustment for
gender (r=0.42, P=0.07) or for both gender and TFM
(r=0.41, P=0.09). WBGU correlated inversely with
serum leptin levels after adjustment for gender
(r=-0.53, P=0.019) and for both gender and TFM
(r=-0.52, P=0.025).

IR-group Interestingly, no significant correlations
between TFM, SCFAT, IAFAT or WBGU and serum leptin
levels were found even after adjustment for gender
(r=0.11,r=0.13,r=0.03 and r = —0.17 respectively;
P = NS for all correlations) or other adjustments.

Pooled population TFM correlated with serum leptin
levels after adjustment for gender (P <0.001) (Fig. 1).
SCFAT was correlated with serum leptin after adjust-
ment for gender or for both gender and TFM (P <0.001
and P=0.006) (Fig. 1). IAFAT correlated with serum
leptin levels after adjustment for gender (P =0.002),
but not after adjustment for gender and TFM (P = NS).
WBGU was correlated with serum leptin levels after
adjustment for gender and for both gender and TFM
(P<0.001 and P <0.001 respectively) (Fig. 1).

Multiple linear regression analyses

In the stepwise multiple linear regression analyses
including all subjects, gender and WBGU were associated
with serum leptin levels (r*=0.54, P<0.001) when
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Table 1 Clinical and biochemical characteristics (means = s.e.m) of the study subjects.
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Controls I1S-group IR-group P value
(n = 14) (n = 20) (n=18) (ANOVA)
Age (years) 40.1+1.5 41.3+1.4 40.5+0.9 NS
Sex (M/F) 5/9 5/15 711 NS
Body mass index (kg/m?) 25.0+1.0 246+05 28.8+0.99"*"" <0.001
Total fat mass (kg) 19.0+2.6 205+1.2 26.4=2.1%" <0.05
Fasting blood glucose (mmol/l) 45+0.1 45+0.1 47+0.1 NS
Fasting insulin (pmol/l) 48.6+4.8 49.2+36 72.6+7.2°M <0.01
Serum leptin (ng/l) 13.0+2.4 13.4+1.6 23.2 = 2. 10111 <0.001
Men 57+21 79+18 14.9+23 -
Women 17.0+2.7 153+1.8 288+1.8 -
Subcutaneous fat area (cm?) 214 =37 215+15 303 = 257 <0.01
Men 161+ 65 216 +22 303+41 -
Women 231+41 214 +19 303+31 -
Intra-abdominal fat area (cm?) 74+12 84 +12 120 + 16* <0.05
Men 77+30 137 +33 183+ 24 -
Women 72+13 646 80*9 —
Whole body glucose uptake (zmol/kg per min) 62.2+4.4 56.1+2.2 41,6 + 33711 <0.001

* P < 0.05 vs controls. ** P < 0.01 vs controls. ** P < 0.001 vs controls. ' P < 0.05 vs I1S-group. ™" P < 0.01 vs 1S-group. ™" P < 0.001 vs

IS-group.
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Figure 1 Correlations between serum leptin and body fat mass, SCFAT, IAFAT and WBGU. O, control group; A, 1S-group; B, IR-group.
r' = correlation coefficient adjusted for gender; r' = correlation coefficient adjusted for gender and TFM.
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Table 2 Factors associated with serum leptin levels in stepwise multiple analyses.

RC° Beta P value

Model 12

Whole body glucose uptake (zmol/kg per min) -1.8+0.3 —0.55 <0.001

Gender 114+20 0.57 <0.001

R? 0.538 - -
Model 2°

Subcutaneous fat area (cm?) 0.02 +0.01 0.28 0.03

Gender 11.4+2.0 0.57 <0.001

Whole body glucose uptake (umol/kg per min) -1.8+0.3 —0.55 <0.001

R® 0.580 - _

@ Factors included in the model: age, gender, TFM, WBGU, fasting plasma insulin, fasting blood glucose,
glucose tolerance (NGT/IGT), study group (control/IS/IR) and the interaction term of TFM and study group.
b Factors included in the model: age, gender, SCFAT, IAFAT, WBGU, fasting plasma insulin, fasting blood
glucose, glucose tolerance (NGT/IGT), study group (control/IS/IR) and the interaction term of TFM study

group.

¢ Values are the regression coefficients (RC) = s.e.m. for the linear model of parameters.

other variables in the model were age, TFM, fasting
plasma insulin, fasting blood glucose, glucose tolerance
(normal glucose tolerance/impaired glucose tolerance),
the study group (control/IS/IR) and interaction term of
TFM and the study group (Model 1; Table 2). When
SCFAT and IAFAT were included in the model instead of
TFM, SCFAT, gender and WBGU explained 58% of the
variation of serum leptin levels (P<0.001) (Model 2;
Table 2). When men and women were analyzed separately
using Model 1, only SCFAT explained the variation of
serum leptin levelsin men (r> = 0.47, P = 0.002) whereas
in women SCFAT and WBGU explained 48% of the
variation of serum leptin levels (P <0.001).

Regression analyses were also performed in each of
the study groups. In the control group, by using Model
1, TFM and gender explained 96% of the variation of the
serum leptin levels (P<0.001). Furthermore, using
Model 2 SCFAT and gender explained 81% of the
variation of serum leptin levels (P <0.001). In the IS-
group, only gender and WBGU explained 43% of serum
leptin levels (P =0.026) in both models used. In the IR-
group, by using the same models, only gender had a
significant contribution, explaining 59% of the variation
of serum leptin levels.

Discussion

The novel finding of this study was that the non-diabetic
offspring of NIDDM patients with insulin resistant
phenotype had higher serum leptin levels than the
control subjects and the offspring of NIDDM patients
with insulin secretion deficient phenotype. This was
mainly due to a higher degree of insulin resistance and
greater amount of subcutaneous fat tissue in the
offspring of NIDDM patients with insulin resistant
phenotype. Moreover, subcutaneous fat tissue was
shown to be a more important determinant of serum
leptin levels than intra-abdominal fat tissue among
these study subjects.

Insulin resistance, i.e. decreased rates of WBGU, has
been associated with elevated serum leptin levels (18-
19) and it is thought to be at least partly a consequence
of the trophic effect of compensatory hyperinsulinemia
on the fat tissue (13). Nyholm et al. (18) reported
increased serum leptin levels in non-diabetic offspring of
NIDDM patients and it was explained by a higher degree
of insulin resistance in these subjects compared with
control subjects. However, in that study the offspring of
NIDDM patients were not classified according to the
phenotype of NIDDM. In the present study insulin
resistance was the strongest independent factor explain-
ing high serum leptin levels in the offspring of NIDDM
patients. Interestingly, however, the insulin resistant
offspring showed no correlation between WBGU and
serum leptin levels, whereas the two other groups did.
This could indicate that the offspring of NIDDM patients
with the insulin resistant phenotype have some factors
which lead to an additional increase of serum leptin
levels and interfere with the relationship between serum
leptin levels and insulin sensitivity. It could be that these
subjects are resistant to the biological function of leptin
(19, 22), which may be related to leptin’s action to
inhibit hypothalamic neuropeptide Y expression (34—
36). Alternatively, effects of other hormones, e.g.
corticosteroids (37), differences in leptin binding to
transport proteins in serum and/or leptin clearance
(12, 38) could account for increased serum leptin levels
and blurred association of insulin sensitivity and serum
leptin levels in the offspring of NIDDM patients with
insulin resistant phenotype.

Previous studies have shown that both subcutaneous
and intra-abdominal adipose tissues express leptin
mRNA (2, 5, 6, 21), but their relative importance for
leptin secretion in humans has remained controversial
(5, 6, 39-43). The study of Montague et al. (21)
suggested that leptin mRNA was expressed predomi-
nantly in subcutaneous fat tissue in humans. This is in
line with our present study showing that subcutaneous
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fat tissue together with gender and WBGU explained
almost 60% of the variation in serum leptin levels,
whereas intra-abdominal fat tissue failed to have a
significant contribution to serum leptin levels in multi-
ple linear regression analyses. The intra-abdominal fat
tissue, however, weakly associated with serum leptin
levels in non-diabetic control subjects without a family
history of diabetes, suggesting that in non-diabetic
healthy subjects both subcutaneous and intra-abdominal
fat contribute to serum leptin levels. In addition, a trend
for association of intra-abdominal fat tissue and serum
leptin levels was found in the offspring of NIDDM
patients with insulin secretion deficient phenotype in
whom the fat distribution and insulin sensitivity were
similar to those of the control subjects. Interestingly, we
did not observe any correlation between subcutaneous
fat tissue and serum leptin levels in the offspring of
NIDDM patients with insulin resistant phenotype. In
fact, those subjects even showed an inverse correlation
with intra-abdominal fat tissue and serum leptin
levels. However, men of the insulin resistant group
were more intra-abdominally obese than were the
women, which could explain the inverse correlation
between intra-abdominal fat and serum leptin levels.

In the present study the subjects consisted of two
groups of offspring from well-characterized patients
with both insulin secretion deficient and insulin
resistant phenotypes of NIDDM. The classification of
the phenotype of the diabetic patients was based on the
long follow-up during which the patients were both
clinically and metabolically well evaluated. On the other
hand, the offspring of control subjects in the present
study were healthy offspring of non-diabetic controls.
Previous studies have shown strong associations of
serum leptin levels with BMI and especially with TFM,
although at a given fat mass wide inter-individual
variation occurs (10-12). In line with previous studies
the body fat mass emerged as a strong determinant of
serum leptin levels in the control group. In both groups
of offspring of diabetic patients, however, body fat mass
was not associated with serum leptin levels, and this
could at least partly be explained by large inter-
individual variation in serum leptin levels and by a
small sample size in subgroup analyses. However, these
results may suggest that in the prediabetic stage still
unidentified factors may interfere with the relationship
of body fat mass with serum leptin levels. Furthermore,
we emphasize that because this study consisted of three
highly selected groups these results cannot directly be
compared with population-based studies. However,
when the study groups were pooled in statistical
analyses, TFM, SCFAT, insulin sensitivity and to a
lesser extent also IAFAT showed associations with
serum leptin levels consistent with the view that these
factors are determinants of serum leptin levels.

In conclusion, the present study shows that the
offspring of NIDDM patients with the insulin resistant
phenotype have higher serum leptin levels than the
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control subjects without a family history of diabetes and
the offspring of NIDDM patients with the insulin secretion
deficient phenotype. This was mostly, but not solely,
explained by a higher degree of insulin resistance and
greater amount of subcutaneous fat tissue among the
offspring of the insulin resistant phenotype patients.
Therefore, some other factors, e.g. concomitant leptin
resistance, are involved in the increase of serum leptin
levels in these subjects. The present study also suggests
that subcutaneous fat tissue is a more important
determinant of serum leptin levels than is intra-abdominal
fat tissue.

Acknowledgement

This study was supported by a grant of the Finnish
Diabetes Research Foundation.

References

1 Zhang Y, Proenca R, Maffei M, Barone M, Leopold L & Friedman
JM. Positional cloning of the mouse obese gene and its human
homologue. Nature 1994 372 425-432.

2 Masuzaki H, Ogawa Y, Isse N, Satoh N, Okazaki T, Shigemoto M
et al. Human obese gene expression. Adipocyte-specific expression
and regional differences in the adipose tissue. Diabetes 1995 44
855-858.

3 Ogawa Y, Masuzaki H, Isse N, Okazaki T, Mori K, Shigemoto M
et al. Molecular cloning of rat obese cDNA and augmented gene
expression in genetically obese Zucker fatty (fa/fa) rats. Journal of
Clinical Investigation 1995 96 1647-1652.

4 Maffei M, Fei H, Lee GH, Danic C, Leroy P, Zhang Yet al. Increased
expression in adipocytes of ob RNA in mice with lesions of the
hypothalamus and with mutations at the db locus. Proceedings of
the National Academy of Sciences of the USA 1995 92 6957-6960.

5 Hamilton BS, Paglia D, Kwan AYM & Deitel M. Increased obese
mRNA expression in omental fat cells from massively obese
humans. Nature Medicine 1995 1 953-956.

6 Lonngvist F, Arner P, Nordfors L & Schaling M. Overexpression of
the obese (ob) gene in adipose tissue in human obese subjects.
Nature Medicine 1995 1 950-953.

7 Caro JF, Sinha MK, Kolaczynski JW, Zhang PL & Considine RV.
Perspectives in diabetes. Leptin: the tale of an obesity gene.
Diabetes 1996 45 1455-1462.

8 Campfield LA, Smith FJ, Guisez Y, Devos R & Burn P. Recombinant
mouse ob protein: evidence for peripheral signal linking adiposity
and central neural networks. Science 1995 269 546-549.

9 Weigle DS, Bukowski TR, Foster DC, Holderman S, Kramer JM,
Lasser G et al. Recombinant ob protein reduces feeding and body
weight in the ob/ob mouse. Journal of Clinical Investigation 1995 96
2065-2070.

10 Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens
TW, Nyce MR et al. Serum immunoreactive leptin concentrations
in normal weight and obese subjects. New England Journal of
Medicine 1995 334 292-295.

11 Maffei M, Halaas J, Ravussin E, Pratley RE, Lee GH, Zhang Yet al.
Leptin levels in human and rodent: measurement of plasma leptin
and ob RNA in obese and weight-reduced subjects. Nature
Medicine 1995 1 1155-1161.

12 McGregor GP, Desaga JF, Ehlenz K, Fischer A, Heese F, Hegle A et al.
Radioimmunological measurement of leptin in plasma of obese
and diabetic human subjects. Endocrinology 1996 137 1501-
1504.

13 Kolaczynski JW, Nyce MR, Considine RV, Boden G, Nolan JJ, Henry
Retal. Acute and chronic effects of insulin on leptin production in
humans. Studies in vivo and in vitro. Diabetes 1996 45 699-701.



604

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

| Vauhkonen and others

Hotta K, Gustafson TA, Ortomeyer HK, Bodkin NL, Nicolson MA &
Hansen BC. Regulation of obese (ob) mRNA and plasma leptin
levels in rhesus monkeys. Effects of insulin, body weight, and non-
insulin-dependent diabetes mellitus. Journal of Biological Chemistry
1996 271 25327-25331.

Cusin |, Sainsbury A, Doyle P, Rohner-Jeanrenaud F & Jeanrenaud
B. The ob gene and insulin. Diabetes 1995 44 1467-1470.
Malmstrom R, Taskinen M-R, Karonen S-L & Yki-Jarvinen H.
Insulin increases plasma leptin concentration in normal subjects
and patients with NIDDM. Diabetologia 1996 39 993-996.
Utriainen T, Malmstréom R, Mékimattila S & Yki-Jarvinen H.
Supraphysiological hyperinsulinemia increases plasma leptin
concentration after 4h in normal subjects. Diabetes 1996 45
1364-1366.

Nyholm B, Fisker S, Lund S, Mgller N & Schmitz O. Increased
circulating leptin concentrations in insulin-resistant first-degree
relatives of patients with non-insulin-dependent diabetes mellitus:
relationship to body composition and insulin sensitivity but not
to family history of non-insulin-dependent diabetes mellitus.
European Journal of Endocrinology 1997 136 173-179.

Segal KR, Landt M & Klein S. Relationship between insulin
sensitivity and plasma leptin concentration in lean and obese
men. Diabetes 1996 45 988-991.

Haffner SM, Miettinen H, Mykkénen L, Karhapaa P, Rainwater DL &
Laakso M. Leptin concentrations and insulin sensitivity in normo-
glycemic men. International Journal of Obesity 1997 21 393-399.
Montague CT, Prins JB, Sanders L, Digby JE & O’Rahilly S. Depot-
and sex-specific differences in human leptin mRNA expression.
Diabetes 1997 46 342-347.

Niskanen L, Haffner S, Karhunen LJ, Turpeinen AK, Miettinen H
& Uusitupa MU Serum leptin in relation to resting energy
expenditure and fuel metabolism in obese subjects. International
Journal of Obesity 1997 21 309-313.

Saad MF, Damani S, Gingerich RL, Riad-Gabriel MG, Khan A,
Boyadjian R et al. Sexual dimorphism in plasma leptin concentra-
tions. Journal of Clinical Endocrinology and Metabolism 1997 82
579-584.

Uusitupa M, Siitonen O, Aro A & Pyoréala K. Prevalence of
coronary heart disease, left ventricular failure and hypertension
in middle-aged, newly diagnosed type 2 (non-insulin dependent)
diabetic subjects. Diabetologia 1985 28 22-27.

Niskanen LK, Uusitupa MI, Sarlund H, Siitonen O & Pydrala K.
Five-year follow-up study on plasma insulin levels in newly
diagnosed NIDDM patients and nondiabetic subjects. Diabetes Care
1990 13 41-48.

Uusitupa MIJ, Niskanen LK, Siitonen O, Voutilainen E & Py6raléa K.
Ten-year cardiovascular mortality in relation to risk factors and
abnormalities in lipoprotein composition in type 2 (non-insulin
dependent) diabetic and nondiabetic subjects. Diabetologia 1993
36 1175-1184.

Niskanen L, Karjalainen J, Siitonen O & Uusitupa M. Metabolic
evolution of type 2 diabetes: a 10-year follow-up from the time of
diagnosis. Journal of Internal Medicine 1994 236 263-270.
Vauhkonen [, Niskanen L, Vanninen E, Kainulainen S, Uusitupa
M & Laakso M. Defects in insulin secretion and insulin action are
inherited: metabolic studies on offspring of diabetic probands.
Journal of Clinical Investigation 1998 101 86-96.

Fuller NJ & Elia M. Potential use of bioelectrical impedance of the
‘whole body’ and of body segments for assessment of body

30

31

32

33

34

35

36

37

38

39

40

41

42

43

EUROPEAN JOURNAL OF ENDOCRINOLOGY (1998) 139

composition: comparison with densitometry and anthropometry.
European Journal of Clinical Nutrition 1989 43 779-791.
Sjostrom L, Kvist H, Cederblad A & Tylen U. Determination of total
adipose tissue and body fat in women by computed tomography,
49K, and tritium. American Journal of Physiology 1986 250 E736—
E745.

KvistH, Tylen U & Sjostrom L. Adipose tissue volume determinations
in women by computed tomography: technical considerations.
International Journal of Obesity 1986 10 53-67.

DeFronzo RA, Tobin JE & Andres R. Glucose clamp techniques: a
method for quantifying insulin secretion and resistance. American
Journal of Physiology 1979 237 E214-E223.

Ma ZA, Gingerich RL, Santiago JV, Klein S, Smith CH & Landt M.
Radioimmunoassay of leptin in human plasma. Clinical Chemistry
1996 42 942-946.

Stephens TW, Basinski M, Bristow PK, Bue-Valleskey JM, Burgett
SG, Craft L et al. The role of neuropeptide Y in the antiobesity
action of the obese gene product. Nature 1995 377 530-532.
Schwartz MW, Baskin DG, Bukowski TR, Kuijper JL, Foster D,
Lasser G et al. Specificity of leptin action on elevated blood glucose
levels and hypothalamic neuropeptide Y gene expression in ob/ob
mice. Diabetes 1996 45 531-535.

Sainsbury A, Cusin |, Doyle P, Rohner-Jeanrenaud F & Jeanrenaud
B. Intracerebroventricular administration of neuropeptide Y to
normal rats increases obese gene expression in white adipose
tissue. Diabetologia 1996 39 353-356.

Larsson H & Ahrén B. Short-term dexamethasone treatment
increases plasma leptin independently of changes in insulin
sensitivity in healthy women. Journal of Clinical Endocrinology and
Metabolism 1996 81 4428-4432.

Houseknecht KL, Mantzoros CS, Kuliawat R, Hadro E, Flier JS &
Kahn BB. Evidence for leptin binding to proteins in serum of
rodents and humans: modulation with obesity. Diabetes 1996 45
1638-1643.

Rénnemaa T, Karonen SL, Rissanen A, Koskenvuo M & Koivisto
VA. Relation between plasma leptin levels and measures of body
fat in identical twins discordant for obesity. Annals of Internal
Medicine 1997 126 26-31.

Haffner SM, Gingerich RL, Miettinen H & Stern MP. Leptin
concentrations in relation to overall adiposity and regional body
fat distribution in Mexican Americans. International Journal of
Obesity and Related Metabolic Disorders 1996 20 904-908.

Dua A, Hennes MI, Hoffmann RG, Maas DL, Krakower GR,
Sonnenberg GE et al. Leptin: a significant indicator of total body
fat but not of visceral fat and insulin insensitivity in African-
American women. Diabetes 1996 45 1635-1637.

Weigle DS, Ganter SL, Kuijper JL, Leonetto DL, Boyko EJ &
Fujimoto WY. Effect of regional fat distribution and Prader—Willi
syndrome on plasma leptin levels. Journal of Clinical Endocrinology
and Metabolism 1997 82 566-570.

Considine RV, Considine EL, Williams CJ, Nyce MR, Magosin SA,
Bauer TL et al. Evidence against either a premature stop codon or
the absence of obese gene mRNA in human obesity. Journal of
Clinical Investigation 1995 95 2986-2988.

Received 23 August 1998
Accepted 2 September 1998



