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ABSTRACT

A group of obese women (BMI>27 kg/m?, N=73) was studied together with lean controls (BMI
<27 kg/m?, N=25). Three groups were defined by the compliance with: BMI lower than 27 kg/m?
 glycaemia lower than 5.5 mM and insulinaemia lower than 0.2 nM (controls, group 1, N=1 9).
The subjects with BMI>27 kg/m?, glucose >5.5 mM and insulin >0.2 nM constituted group 3
(N=41), and those with BMI>27 with glycaemia and/or insulinaemia jower than the limits set
constituted group 2 (N=32). The women in group 3 had higher fat content, BM! and fat-free
mass than those in group 2 and the controls. There were no changes in most plasma
parameters, such as free estrone and B-estradiol. Leptin levels were higher in groups 2 and 3
than in controls. In controls, leptin and acyl-estrone levels were well correlated with BMI and
fat content; this correlation was not found in groups 2 and 3 for acyl-estrone, although it was
found for leptin. Acyl-estrone levels were lower than expected in most obese women when -
compared to those of controls, suggesting an altered availability or function of this hormone.
in obese women, acyl-estrone levels —and probably function— are lower than expected,
contrasting with maintained leptin-BMI correlations. The role of insulin in the control of body
weight, perhaps through acy! estrone-mediated effects, should be re-evaluated.

INTRODUCTION

The regulation of fat deposition by insulin is a key factor in the control of body weight (1).
Obesity is characterized by an altered insulin function, mainly through increases in insulin
resistance (2), typified by higher secretion, levels and extrahepatic removal (3). The cbese also
tend to show increased glucose levels, a consequence of insulin resistance, which often
develops into diabetes. The aitered insulin function is either a consequence of obesity or a
causal factor in its development (1); but in any case th.e intensity of insulin alterations is a
distinctive trait of the metabolic consequences of obesity (4,5) and its associated pathology:

the metabolic syndrome (6).
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Leptin, the product of Ob gene (7) is produced mainly in adipose tissue (7,8), in such a
way that the circulating levels can be correlated with the fat mass (9,10). This relationship is
somewhat aitered in severe obesity in humans (11). In some animal models, such as the ob/ob
mice, obesity is the consequence of fack of leptin secretion (7,12} or defects in its receptors
—Zucker fa/fa rat, db/db mouse- accompanied by very high circulating leptin levels (13). There
is no doubt that leptin is a main factor in the body weight control system'( 14), as well as an .
index of fatness (15). Our previous research has shown that oleoyl-estrone (OE), a hormone
synthesized in the adipose tissue (16), induces the loss of body fat both in normal (17), dietary-
obese (18) and genetic-obese (19) rats, sparing protein and maintaining thermogenesis (20).
OE decreases the expression of leptin (21), but leptin enhances the synthesis and storage of
OE in adipose tissue (16). In addition, OE administration may alter the ponderostat sefting (22),
which suggests that OE is a signal from adipose tissue participating downstream of leptinin the
system controlling the body weight (22). The circulating levels of OE in normal-weight and
mildiy obese humans are strongly correlated with the BMI, fat mass and circulating leptin (23),
but obese rats show lower OE than expected and altered leptin levels, in line with its purported
role as a ponderostat signal (22).

Here we used the degree of alteration of insulin functionality as a parameter for the
classification of severe ob.esity We used this factor as a correlate of the intensity of energy
homeostasis impairment and the alteration of the body weight control system. We attempt to
determine whether in severe human obesity the BMI-OE correlation is maintained, or altered
as found in obese rats, as a sign of the anomalies affecting the body weight control system.

MATERIALS AND METHODS

Subiects and Study Design

Obese and overweightwomen (body mass index [BMI]>27 kg/m?) were recruited among those
attending the Clinics of Obesity and Nutrition at the Hospital de St. Joan de Reus (N=73). The control
group consisted of normal- and low-weight women (BMI <27 kglrhz) (N=25), and was recruited from
the same patients' pool (women suffering anorexia nervosa but otherwise healthy, N=8) and the
medical staff. All subjects were free of in_ﬂémmatory or in-fectious disease at the time of the study, had
normal thyroid hormone levels and were not receiving anti-inflammatory nﬁedication insulin, or other
hormonal treatment. Patients and controls were requested to maintain their normal eating hablts in the
week prior to the study and all reported that their body weight remained stable over the previous three
months.

Fasting blood samples were taken at 8.00 am for biochemical and hormone anaiyses Body

composition measurements were then performed.
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TABLE 1
Essential Measures of the Subjects Included in the Study

_pa.rametér umts 1 'Bwsz?;g(rlgig : ["l-"\si<70.2 aw’#zf;?grc?gg 3 ['i_ns‘]€0.2‘ aw:—z?%&ig 3.3 fing}»0.2
N 19 32 41

age y 29+ 3 43:2% 44:2%
weight kg 49.0+22 94.0+32¢ 104.7 £2.9 %
fat-free mass kg 386+13 503£13% 538+1.2%%

fat mass kg 11.3+x11 438220% 50.0+1.8%*
body fat % BW 21.8+1.4 450207 ¢ 478 £ 0.5 1%
BMI. kg/m? 1.3+ 0.8 380132 413 +£1.0F%
waist/hip ratio - - 0.81 % 0.01 0.89+001% 0.90+£0.02%

Statistical significance {p<0.05) of the differences between groups: 1 differences between group 1 and
groups 2 or 3; * differences between groups 2 and 3

The patients were classified using as discriminating factor both a standard measure of obesity:
BMI higher or lower than 27 (24), as well as the glycaemia-insulinaemia data. Three groups were
defined. Group 1. BMI lower/equal than 27, glycaemia lower/equal than 5.5 mM and insulinaemia
lower/equal than 0.2 mM; i.e. non-obese with norma! glycaemia and insu!inéemia (N=19); the controls
that had a BMI<27 but did not meet both the glycaemia and insulinaemia criteria (N=8) were discarded.
Gr:.pup. 2: BMI higher than 27, and either glycaemia lower/equal than 5.5 mM . or insulinaemia
lowerfequal than 0.2 mM; §.e. obese with normal or mildly altered glycaemia and insulinaemia {N=32).
Group 3: BMI higher than 27, glycaemia higher than 5.5 mM and insulinaemia higher than 0.2 mM, i.e.
obese with altered glycaemia and insulinaemia (N=41) (Table 1). _

Anorexic patients were included in the study in order to obtain a wider range of BMI values. No
significant differences with the other women in the control group were found for the hormonal
paraméters studied other than those related to their varying body weight.

The study protocol was authorized by the Ethics Committee of the Hospital St. Joan and each

subject included in the study gave a voluntary, fully-informed, written consent.

Body Composition Analyses

‘Height was measured {o the nearest mm with a wall-mounted stadiometer, weight was
determined on a standard clinical balance with an accuracy of £ 100 g, and BMI (in kg/m?) was

calculated. Waist girth was measured at the minimum circumference between the iliac crest and the
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rib cage, hip girth at the maximum width over the greater trochanters and the waist-to-hip ratio was
then calcuiated.

Whole body impedance at 50KHz was measured using a tetrapolar bioelectrical
impedanciometer (Human-im ScanR, Dietosystem, Spain) as we have described elsewhere {(25). All
measurements were performed early in the morning, under fasting conditions and after voiding, in
accordance with the National Institutes of Health Technology Assessment Conference Statement (26).
From these data, fat—free-mass {FFM) was calculated using the gender-specific equations validated

by Segal et al. (27). Fat mass was the difference between body weight and FFM.

Metabolite and Hormone Anafyses

Plasma hormones were measured through radicimmunoassay: free and acyl-esterified estrone
(28}, leptin (HL81K kit, Linco Research, St Charles, MO USA), insulin (Biotrak RPA547 kit, Amersham,
Little Chalfont, UK), and B-estradiol (TKE22 Coat-a-count kit, DPC, Los Angeles CA, USA). Plasma
was also used for the measurement of total cholesterol, total protein, glucose, urea, creatinine, uric
acid, tnacylglycerols and aspartate transaminase actxwty by standard automated procedures (ITC
Diagnostics IZASA, Sant Andreu de Ia Barca, Spain); 3-hydroxybutyric acid (310UV kit, Sigma, St
Louis, MO USA), free (nonstenﬁed) fatty acids (NEFAC kit, Wako Chem., Neuss, Germany) and
lactate (29) were also measured '

Differences in mean (+ SEM) values between groups were assessed by unpaired t-test,
Correlation and regression analyses were performed for quahtitative_ variables using the SPSS 8.0

program. Statistical significance was accepted at p<0.05.

RESULTS .

Table 1 includes the anthropometric measurements, BMI and other body composition-derived
measures. As expected, there were differences between groups 1and 2 / 3 for all parameters, but
groups 2 and 3 also showed significant differences in weight, fat-free mass, fat tissue mass,
percentage of body fat and BMI; but not in waist-hip ratio,

Tabie 2 shows the plasma levels of metabolites. There were no differences in protein, urea,
creatlmne triacylglycerols, free fatty acids or 3-hydroxybutyrate, There were differences between
nonobese (group 1) and obese (groups 2 and 3) for glucose, uric acid, and aspartate transaminase
activity, all highest in group 3. Cholesterol levels in group 3 were also higher than in group 1. There
were alsb differences between groups 2 and 3 in glucose, lactate and uric acid: in all cases the highest
values were those of group 3. ;

Table 3 presents the levels of circulating hormones in normal-weight and obese women. There
were no differences in the levels of free estrone or B-estradiol, Obese (groups 2 and 3) women showed

higher levels of insulin and leptin than the nonobese (group 1). Esterified estrone levels in group 3
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TABLE 2
Plasma Parameters of Normal-Weight and Obese Women

N 41
protein (total) gl 7441 73+ 1 7241
glucose mM 4.7 +0.1 56£02% 7.0+£04 1%
lactate mM 1.3+ 0.13 1.32 +£0.10 1.69 + 0.08 *
urea mM 53$04 5302 57+02
uric acid M 173+ 18 220+11% 263+ 13 ¥
creatinine UM 814 74+£2 76+1
triacylglycerols mM 15+£0.8 1.3+ 0.1 1.6+ 0.1
free fatty acids mM 0.22 % 0.06 0.28 & 0.04 0.38+0.05
3-hydroxybutyrate mM 0.51%0.16 0.47 £ 0.11 0.62+0.19
cholesterol (total) mM 4903 54+0.2 58+02¢%
aspariate transaminase iU 0.26 +0.02 046+0.05% 0.51x£004%

Statistical significance {p<0.05) of the differences between g'roups: 1 differences between group 1 and
groups 2 or 3, * differences between groups 2 and 3.

TABLE 3
Plasma Hormones in Normal-weight and Obese Women

N 19 32 ‘ | 41
insulin nM 0.094 + 0.007 0.26 +0.03 1 0.63 £0.10 ¥
glucose/insulin ratio - 53.2+32 16.8+1.7% 3022 301%
leptin pgiL 7.3+1.0 496+7.21% 48.3+501%
estrone (free) nM 0.84+0.19 0.83+0.15 0.95+0.12
estrone (esterified) nM 166 £15 196 £ 25 21518 ¢
B-estradiol nM 0.28 +0.07 0.27 £ 0.06 0.23+0.03

Statistical significance (p<0.05) of the differences between groups: 1 differences between group 1 and

groups 2 or 3, * differences between groups 2 and 3
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FIGURE 1
Relationship Between Plasma Acyl-estrone Levels and the BMI of Women.

Group 1: circles; Group 2: squares; Group 3: diamonds. The calculated regression line for Group 1 has
been drawn. Statistical analysis of the relationships between acyl estrone levels and BMi:

group: 1 2 '3
correlation coefficient, r 0.684 | 0.312 0.045
significance, p 0.003 0.089 0.784

were also higher than in group 1. The only differences between groups 2 and 3 were in insulin and in
the ratio of glucose versus insulin, both higher in group 3 but still lower than in group 1.

Figure 1 shows the relationships between plasma acyl-esterified estrone levels and the BMI. The
correlation was good for non-obese women (group 1) but this effect was not observed in the obese. _
Thus there is a clear correlation between acyl-estrone levels and BM! at low BMI values, i.e. this is true
for nonobese women, but the linearity disappears with obesity, the values being lower, for most of the
women in 'groups 2 and 3 than expected from the regression line drawn using the noncbese controls.

Figure 2 shows the crossed correlations between some parameters that define obesity and the
levels of the main hormones controlling the energy distribution: leptin, insulin and acyl-estrone. Group
1 shows the highest degree of correlation between the data. Thereis a clear correlation between acyl-

estrone and both BMI and the percentage of fat. Leptin levels were also correlated with BM! and
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FAT  BMI |

LEP [——INS
GROUP 1 GROUP 2 GROUP 3
FIGURE2
Interrelationship Between Body Weight Measures and Hormonal Factors in
tean And Obese Women.

The lines represent a significant relationship between the parameters connected (p<0.05); lack of
connecting fine indicates that no such correlation has been found.

AE = plasma acyl-estrone; FAT = % fats in body weight; BMI = body mass index; LEP = plasma leptin;
INS = plasma insulin.

percentage of fat. Insulin was not correlated with either of the other parameters. Lepﬁn maintained
its correlation with BM! in groups 2 and 3, but its correlation with percentage of fat was maintained only
in group 2. Plasma acyl-estrone was not correlatied with any other parameter in groups 2 and 3. In
grbup 3 insulin was correlated with leptin. There was a significant correlation in group 1 between BM!

and age, and in group 3 between acyl-estrone and age (data not shown).

DISCUSSION

| The criteria used for classification of the subjects into three groups include the widely accepted
criterion that normality in body weight extends up to BMIvalues of 27 kg/m? (24), this figure marking
the border between overweight and (m'ild) obesity. The other criteria used: glycaemia higher than 5.5
mM and insulinaemia higher than 0.2 mM, were selected on the basis of values within the “normal’
range, but having a high probability of altered glucose metabolism in predisposed popuiations (30).
The aim was to discriminate not between well-defined situations but between trends, so that the group
identified as having a somewhat altered insulin-glucose relationship (group 3) would be discriminated
by both markers; this would leave the remaining cases ~in which the fendency was not as markedly
consistent-inan intermediéte group (group 2). Applying the same criteria to the non-obese subjects,
a group evolved in which the low glucose and low insulin criteria were not meet as in the controls
{group 1) and was disoarded because it was too small (N=6, 2 of which were anorexic) and wide
dispersion of data. This prunihg of controls helped to make the control group 1 much more consistent.

The application of essentially metabolic parameters as discriminating factors thus resulted in the
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establishment of three groups which, curiously, showed marked differences in weight, fat-free and fat
mass. This already points towards a well-established trend: the close relationship between the control
of energy handling ~including fat deposition— and insulin functionality (1,5).

There was a clear trend towards higher cholesterol, glucose and uric acid ievels, all indicators
ofa deterioratlng overall metabolic control in group 3, and to a lesser extent in group 2. The higher
levels of aspartate transaminase found in the obese also point in the same direction. The presence
of high lactate [evels in the group having higher fat mass (group 3) is consistent with the high sensitivity
of adipose tissue glycolysis to adrenergic stimulation (31), which results in higher lactate production
by this tissue, another factor directly related to high fat content (32).

There is a direct relationship between body fat and circulating levels of acyl-esterified estrone
in lean and mildly obese humans of both sexes {23). This relatibnship_, however, is limited to the non-
obese as found here, since in most of the obese women studied, the circulating levels of acyl-estrone
were lower than the values expected from the relationship observed in the non-ocbese, and the
correlation of acyi—éstrone with BMI was lost as a consequence of obesity.

Zucker fa/fa rats show plasma acyl-estrone levels similar o those of lean rats (22) but the
administration of oleoyl-estrone results in a significant mobilization of fat with no changes in plasma
parameters (19,21). Since the synthesis of olecyl-estrone by adipose tissue is controlled by leptin (16)
and oleoyl-estrone affects the expression of the Ob gene (21) it may be assumed that in these rats the
aiteration of leptin function lowers oleoyl-estrone levels. Cleoyl-estrone has also been found to modify
the ponderostat setting in rats, which strengthens its postulated role as a ponderostat signal (16). The
low-for-Weight circulating acyl-estrone levels in obese women is similar to that found in geneticaily
obese rats. These data are consistent with an altered function of acyl-estrone in obesity.

The case of acyl-estrone contrasts with that of leptin. Leptin levels were much higher in the
obese than in the nonobese women, as previously observed (9,10), again in paraliel to the case of
Zucker faffa rats (33). We found a clear correlation between leptin and the parameters that determine
fatness: BMI and percentage of fat. The correlations between leptin and fatness indicators were mostly
maintained in the obese groups, suggesting that in women, leptin synthesis —and possibly function—
was not significantly altered except in morbid obesity; this is consistent with the lack of changes in
leptin levels found in obese women after these levels are adjusted for age and fat mass (unpublished).
This is further supported by the unaltered leptin handling (34) and the relative scarcity of mutations in
the leptin gene or its receptor (35-39) in humans. Insulin enhances the synthesis and release of leptin
in humans (40,41), but the association between hyperinsulinemia and leptin is lost in obesity (42). In
this study we observed, however, that although leptin levels were high in obese women, they were
uncorrelated with those of insulin except for group 3, in which the alterations in insulin were more
marked.

insulin changes, practically intrinsicto obesity, have often been considered to be a consequence

of the metaboalic alterations of obesity rather than a key factor in the development of this condition (43).
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The data presented here show that early / mild insulin alteration is consistent with obesity, and suggest
that the intensity of alteration in insufin function —i.e. insulin resistance- is a key factor defining severe
/ complicated obesity. The correlation found in the severe obesity group (group 3) between insulin
fevels and .those of leptin, and the low circulating acyl-estrone levels suggest that the influence of
insulin on the signals that control the adjustment of body weight may be much more significant than
has usually been assumed. Leptin (44,45) and oleoyl-estrone (46) are known to affect insulin levels
and resistance, but their interrelationship during obesity is far from being fully understood.

In conclusion, we have found that in obese women, acyl-estrone levels —and probably function—
are diminished, contrasting with maintained leptin-BMI correlations. Insulin role in the control of body

weight, perhaps through acyl estrone-mediated effects, should be re-evaluated,
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