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ABSTRACT

We examined the relationship between serum levels of leptin-binding protein (soluble
leptin receptor [sOB-R]) and leptin with metabolic parameters at baseline and prospectively
at 2-year follow-up in young healthy men. A total of 916 eighteen-year-old men were
examined at baseline, with a subgroup of 91 participants examined again 2 years later.
Anthropometric and metabolic measurements were performed at baseline and at follow-up.
In the cross-sectional study, levels of sOB-R were significantly inversely correlated with all
baseline measures of obesity and metabolic risk factors (blood pressure, total and low-
density lipoprotein cholesterol, and fasting glucose), and significantly positively correlated
with high-density lipoprotein cholesterol. After correcting for age, smoking status, and
waist-to-hip ratio, the inverse correlation remained statistically significant for all measures
of adiposity, fasting glucose, and the metabolic syndrome score. Correlations for leptin were
similar in magnitude but opposite in direction to correlations for sOB-R. In prospective
analyses, baseline levels of sOB-R were predictive at 2-year follow-up of fasting glucose, the
metabolic syndrome score, and measures of adiposity in both unadjusted and adjusted
models. Similarly, leptin was predictive of fasting glucose, the metabolic syndrome score,
adiposity, and systolic blood pressure. We confirm correlations of leptin and sOB-R levels
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with measures of adiposity and metabolic risk factors at baseline, and demonstrate for the
first time prospectively the role of SOB-R as an independent, although weak, predictor of
metabolic syndrome and fasting glucose in young men.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Leptin is the prototypical adipose tissue-secreted hormone [1],
and its levels are directly associated with the percentage of
body fat [2]. Leptin exerts its effects by binding to several
isoforms of the leptin receptor, a class I cytokine receptor
widely distributed in peripheral organs as well as the central
nervous system [3]. Activation of the leptin receptor stimu-
lates multiple signaling pathways that modulate neuroendo-
crine functions, body weight, and metabolic processes [3,4].

Circulating leptin binds to a leptin-carrying protein in
plasma, which circulates in relatively higher levels (and thus
results in a higher proportion of bound leptin) in lean subjects
than in obese subjects [5,6]. The major leptin-binding protein
in plasma has been identified as the extracellular cleaved part
of the leptin receptor, that is, the soluble leptin receptor (SOB-
R) [7]. This binding protein may act as regulator of leptin’s
physiologic effects by influencing leptin’s interactions at its
cell-bound receptor or by modulating leptin’s half-life [8]. A
range of prior cross-sectional studies suggest that levels of
sOB-R also appear to be an indicator of leptin activity as well as
a predictor of diabetes among older women [9].

These studies have found that sOB-R levels are higher in
healthy young men than in women, and are inversely related to
body mass index (BMI), adiposity, and waist circumference [8].
Levels of sOB-R have also been found to be inversely correlated
with other components of the metabolic syndrome, such as
systolic/diastolic blood pressures, fasting insulin/glucose, and
triglycerides, while it is positively associated with age, total
cholesterol, and high-density lipoprotein (HDL) cholesterol
[10,11]. Weight loss, low-energy diets, and regular exercise,
which decrease circulating leptin levels, are also associated with
higher sOB-R levels [12,13]. However, to date, most studies
examining the associations between sOB-R and anthropometric
and metabolic measurements have been relatively small.

Only one published study has evaluated sOB-R prospec-
tively as a predictor of the development of type 2 diabetes
mellitus. This study, a case-control study nested in the
prospective Nurses’ Health Study, found that higher levels of
sOB-R, but not leptin, were associated with a lower risk of
developing type 2 diabetes mellitus in women, even after
correcting for BMI [9]. So far, no prospective data are available
in men and no study has yet assessed the role of sOB-R as a
predictor of developing other metabolic risk factors in the
future. To assess whether sOB-R and leptin are useful markers
of risk for developing metabolic abnormalities, we studied a
cohort of 18-year-old men in Cyprus.

2. Methods

The study has received approval from both the Harvard School
of Public Health Institutional Review Board and the Cyprus
National Bioethics Committee.

2.1. Cross-sectional cohort

The study population consists of 18-year-old men who were
screened and enrolled in the Cyprus Metabolism Study at the
start of their 2-year mandatory service in the Cypriot Army.

All recruits who were inducted into the army the previous
day and who were 18 years or older were eligible for enrollment.
Exclusion criteria included health reasons prohibiting military
service, such as most chronic diseases. The conscripts were
briefed on the study and provided informed consents in a group
setting. During the first recruitment phase of the study (July
2006), 417 participants were enrolled in the study. An additional
639 participants were enrolled in the second phase of the study
(July 2007), yielding a total of 1056 participants.

Of these 1056 participants, a total of 140 were excluded
from this report, mostly because of lack of sample for sOB-R
assay or incomplete anthropometric measurements. Thus, a
total of 916 participants were included in this cross-sectional
analysis. Because military service at 18 years of age is
obligatory in Cyprus, the study provides a representative
sample of the 18-year-old healthy male population of Cyprus,
with participants coming from all regions of Cyprus and all
socioeconomic levels. They were all at the same educational
level, having completed high school.

2.2. Prospective cohort

All of the 417 participants recruited in the first phase of the
study in July 2006 were invited for the follow-up study 2 years
later. Of these, 115 agreed to participate. The follow-up of
participants took place in the Nicosia General Hospital in July
2008. Twenty-three participants were excluded because of
lack of a baseline sample for sOB-R assay. One other
participant was excluded because no follow-up weight was
available. This resulted in 91 participants eligible for inclusion
in the prospective analyses.

2.3.  Anthropometric, cardiovascular, and metabolic measures

After an overnight fast, several measurements were done to
set up a comprehensive database of baseline health informa-
tion; these included height, weight, body fat composition,
resting heart rate, and systolic and diastolic blood pressure.
For all participants, measurements were performed using the
same equipment and by the same group of technicians trained
to perform standardized measurements. Body composition
was measured using the Tanita Bioelectrical Impedance
Analysis. To ensure reliability, all measurements were done
twice, and if the measurements differed by more than a
prespecified value, a third measurement was performed and
the average was used. Questionnaires were also administered
to collect information including smoking status. Blood sam-
ples were collected and analyzed at Nicosia General Hospital
using routine automated laboratory methods (Olympus
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AU2700 Chemistry-Immuno Analyzer, Olympus, Center Val-
ley, PA) for glucose, total cholesterol, HDL cholesterol, low-
density lipoprotein (LDL) cholesterol, and triglycerides.

2.4. Measurement of soluble leptin receptor and leptin

Samples were frozen and stored as plasma at —80°C until
assayed in duplicate. Levels of the soluble leptin receptor were
measured using a commercially available enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN),
with a sensitivity of 0.057 ng/mL, an intra-assay coefficient

of variation of 2.2% to 6.1%, and an inter-assay coefficient of
variation of 5.3% to 8.6%. Leptin concentrations were mea-
sured by commercially available radioimmunoassay Kkits
(Millipore, Billerica, MA) as previously described [9], with a
sensitivity of 0.5 ng/mL, an intra-assay coefficient of variation
of 3.4% to 8.3%, and an inter-assay coefficient of 3.0% to 6.2%.

2.5. Metabolic risk factor score

A metabolic risk factor score based on the International
Diabetes Federation (IDF) definition of metabolic syndrome

Table 1 - Baseline characteristics of participants in the cross-sectional study and the prospective study

Continuous variables All participants Follow-up P for difference Follow-up P for
(N =916) group (entire cohort vs  group (n = 91) difference
(n=91) follow-up group) (baseline vs
At baseline At baseline At 2-y follow-up)
follow-up
Mean SEM Mean SEM Mean SEM

Age at enrollment visit 18.41 0.02 18.22 0.01 <.001
Height (m) 1.753  0.002 1746  0.006 29 1751  0.007 <001
Weight (kg) 72.4 0.5 68.8 14 <.001 72.9 1.4 <.001
BMI (kg/m?) 23.5 0.1 22.5 0.4 <.001 23.7 0.4 <.001
Waist circumference (cm) 81.8 0.4 79.1 1 .01 83.8 1.0 <.001
Hip circumference (cm) 96.9 0.3 95.7 .8 0.12 97 0.8 .001
WHR 0.842 0.002 0.826 0.005 <.001 0.862 0.004 <.001
Percentage body fat 14 0.2 12.8 0.6 <.001 15.6 0.6 <.001
Heart rate (beats/min) 70.3 0.3 66.1 0.9 <.001 71.4 1.0 <.001
Systolic blood pressure (mm Hg) 108.7 0.3 106.3 1.2 <.001 111.6 1.0 <.001
Diastolic blood pressure (mm Hg) 65.1 0.3 61.7 0.8 <.001 71.4 0.7 <.001
Mean arterial pressure (mm Hg) 79.7 0.3 76.6 0.8 <.001 84.8 0.8 <.001
Total cholesterol (mg/dL) 156.7 1.1 143.9 2.7 <.001 159.5 2.9 <.001
HDL (mg/dL) 47.6 03 47.1 0.9 53 46 0.9 .09
LDL (mg/dL) 102.9 0.9 101.6 24 .57 98.4 25 .07
Triglycerides (mg/dL) 61.9 0.9 58.7 23 29 75.8 43 <.001
Fasting glucose (mg/dL) 82.9 0.3 78.2 0.7 <.001 86.9 1.0 <.001
Leptin (ng/mL) 25 0.1 1.8 0.2 <.001
Leptin-binding protein (ng/mL) 23.2 0.2 25 0.5 <.001
Categorical variables n Percent n Percent n Percent P
Smoking status 27

Current 546 59.6 29 BilfY

Former 46 5.0 2 2.2

Never 323 353 60 65.9
Waist circumference >94 cm 129 14.1 7 7.7 .06 12 13.2 .06
WHR >1 2 0.2 0 0 .64 0 0 NA
BMI >25 kg/m2 270 29.5 17 18.7 .02 22 242 .10
Systolic hypertension (>140 mm Hg) 5 0.5 2 2.2 .02 1 1.1 .32
Diastolic hypertension (>90 mm Hg) 1 0.1 0 0 74 1 1.1 .32
Hypertension (>140/90 mm Hg) 6 0.7 2 2.2 .06 1 1.1 .32
Impaired fasting glucose (>100 mg/dL) 16 1.7 0 0 .18 2 2.2 .16
Total cholesterol >200 mg/dL 80 8.7 2 2.2 .02 7 7.7 .06
HDL <40 mg/dL 164 17.9 14 154 .48 22 242 .045
LDL >130 mg/dL 135 14.7 12 13.2 .64 9 9.9 .32
Triglycerides >150 mg/dL 11 1.2 1 11 .92 6 6.6 .03
Dyslipidemia (any of the above) 279 30.5 26 28.6 .64 34 37.4 .07
Metabolic syndrome (IDF criteria) 11 1.2 0 0 27 3 3.3 08
Family history of hypertension 99 10.8 10 11.0 .95
Family history of myocardial infarction 17 1.9 2 2.2 .80
Family history of hyperlipidemia 166 18.1 21 23.1 .20
Family history of stroke ©) 1.0 21 231 il
Family history of diabetes mellitus 42 4.6 5 5.5 .66

NA indicates not applicable.
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was created, where one point was added for the presence of,
and one point subtracted for the absence of, each of the
following: waist circumference >94 cm (37 in), triglycerides
>150 mg/dL, HDL cholesterol <40 mg/dL, blood pressure >130/
85 mm Hg, and fasting glucose >100 mg/dL [14].

2.6.  Statistical analysis

All statistical analyses were calculated using SPSS version 17.0
(SPSS, Chicago, IL).

Baseline characteristics of the follow-up group were
compared to those of the entire cohort using t test for
continuous variables and Pearson x’ test for categorical
variables. Characteristics of participants for the prospective
follow-up study at baseline and at follow-up were compared
using paired-sample t test for continuous variables and »? test
for qualitative characteristics.

Pearson coefficients were used to evaluate the univariate
associations between leptin or sOB-R levels and the anthro-
pometric and metabolic measurements of interest (as contin-
uous variables). In addition, partial correlation analysis was
performed for both leptin and sOB-R, controlling for age,
smoking status (never, previous, current), and waist-to-hip
ratio (WHR). For sOB-R, a final partial correlation analysis,
controlling for these parameters as well as baseline leptin, was
also performed. The data were also analyzed by quartiles of
sOB-R using 1-way analysis of variance.

A multivariate linear regression model was used to
estimate associations between baseline leptin or sOB-R and
follow-up values of continuous parameters. In addition to the
unadjusted model, we also examined models adjusting for age
and smoking, as well as adjusting for age, smoking, and

baseline WHR. As we wanted to compare the predictive power
of sOB-R with that of leptin, the standardized coefficient
was calculated, as well as R? for the unadjusted model.

For highly skewed variables, a logarithmic transformation
was performed for correlation and regression analyses,
although the nontransformed data were used for description
of baseline characteristics. All quantitative data are presented
as means + SE, or percentages for qualitative data. All P values
for the cross-sectional study are 2-sided. We report 1-sided P
values for the prospective study only because our a priori
hypothesis was that in this population of young men, similar
to the prior study of women, sOB-R would be negatively
associated with future fasting glucose as well as with other
adverse metabolic risk factors. P values less than .05 were used
to infer statistical significance.

3. Results
3.1. Cohort description

Descriptive characteristics of the study population are presented
in Table 1. As expected from a young population, all mean values
were within the normal range. However, 29.5% of the partici-
pants had a BMI greater than 25 kg/m?. Dyslipidemia was seen in
30.5% of the participants, mainly elevated LDL or low HDL
cholesterol. Eleven subjects had metabolic syndrome by the
IDF criteria, defined as either waist circumference >94 cm
(37 in) or BMI >30 kg/mz, and, in addition, 2 or more of the
following: blood pressure >130/85 mm Hg, triglyceride level
>150 mg/dL, HDL cholesterol level <40 mg/dL, and fasting
glucose >100 mg/dL [14]. Three participants had developed

Table 2 - Correlation between leptin-binding protein and log,, leptin with baseline values of variables

Variable Unadjusted Adjusted Adjusted
model model 1 model 2
sOB-R Logio sOB-R Logio sOB-R
(ng/mL) leptin (ng/mL) leptin (ng/mL)

r P r P r P r P r P
Age at enrollment visit -0.04 .19 0.02 .55
Weight (kg) -0.47 <.001 0.74 <.001 -0.38 <.001 0.63 <.001 -0.24 <.001
BMI (kg/m?) -0.46 <.001 0.81 <.001 -0.35 <.001 0.71 <.001 -0.19 <.001
Waist circumference (cm) -0.47 <.001 0.81 <.001 -0.38 <.001 0.73 <.001 -0.23 <.001
Hip circumference (cm) -0.47 <.001 0.80 <.001 -0.39 <.001 0.73 <.001 -0.24 <.001
WHR -0.31 <.001 0.56 <.001
Percentage body fat -0.44 <.001 0.84 <.001 -0.33 <.001 0.76 <.001 -0.15 <.001
Heart rate (beats/min) -0.20 <.001 0.24 <.001 -0.15 <.001 0.17 <.001 -0.10 .002
Systolic blood pressure (mm Hg) -0.23 <.001 0.44 <.001 -0.15 <.001 0.33 <.001 -0.05 11
Diastolic blood pressure (mm Hg) -0.18 <.001 0.29 <.001 -0.12 <.001 0.20 <.001 -0.05 11
Mean arterial pressure (mm Hg) -0.22 <.001 0.39 <.001 -0.14 <.001 0.28 <.001 -0.06 .07
Total cholesterol (mg/dL) -0.09 .01 0.35 <.001 -0.01 .86 0.24 <.001 0.08 .02
HDL (mg/dL) 0.24 <.001 -0.10 .004 0.19 <.001 0.001 .99 0.20 <.001
LDL (mg/dL) -0.10 .003 0.35 <.001 -0.01 .82 0.23 <.001 0.07 .03
Triglycerides (mg/dL) -0.20 <.001 0.35 <.001 -0.11 .001 0.25 <.001 -0.04 .27
Fasting glucose (mg/dL) -0.18 <.001 032 <001 -0.15 <001 029 <.001 -0.06 07
Logo (leptin) -0.42 <.001 -0.32 <.001
Composite metabolic syndrome score -0.31 <.001 0.44 <.001 -0.21 <.001 0.28 <.001 -0.13 <.001

Adjusted model 1: adjusted for age, smoking, and WHR. Adjusted model 2: adjusted for age, smoking, WHR, and log;, leptin. The Pearson

correlation coefficient is denoted by r.
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metabolic syndrome on follow-up; none of the 3 had
metabolic syndrome at baseline.

Table 1 also shows the baseline and follow-up character-
istics of the 91 participants who took part in the prospective
study. The follow-up group differed significantly from the
baseline group in several of the parameters at baseline.
However, when compared to the group of participants who
were invited to follow-up but declined, only waist circumfer-
ence, WHR, LDL cholesterol, and leptin were significantly
different (data not shown); our adjusted models correct for
WHR and leptin. In addition, there were statistically signifi-
cant adverse changes over the 2-year period between visits in
most of the variables examined, including BMI.

3.2 Cross-sectional study

Findings from the cross-sectional portion of the study are
summarized in Table 2. Results when examining quartiles of
sOB-R were largely similar to those found when using sOB-R as
a continuous variable, so only the continuous data are
reported here. We found an inverse relationship between
levels of sOB-R and measures of adiposity (weight, BMI, waist
circumference, hip circumference, WHR, percent body fat), as
well as protective associations in relation to other metabolic
measurements (systolic and diastolic blood pressure, mean
arterial pressure, HDL cholesterol, LDL cholesterol, triglycer-
ides, fasting glucose, and the metabolic syndrome score).

For our adjusted models, we adjusted for WHR, rather than for
BMI or percentage body fat, as a marker of body composition.
Leptin is much more closely associated with measures of fat

mass than with measures of body fat distribution. By including 2
variables that are as closely related as leptin and BMI or
percentage body fat in the models, colinearity would be
introduced. In addition, WHR has been found to be more
predictive of the components that constitute the metabolic
syndrome than BMI [15].

After correction for age, smoking, and WHR, sOB-R remained
significantly inversely correlated with weight (r = -0.38), BMI
(r = =0.35), waist circumference (r = -0.38), hip circumference
(r=-0.39), heartrate (r =—-0.15), systolic blood pressure (r =-0.15),
diastolic blood pressure (r = -0.12), mean arterial pressure
(r =-0.14), triglycerides (r = -0.11), fasting glucose (r = -0.15), and
the composite metabolic syndrome score (r =-0.21). A statistically
significant direct correlation was observed with HDL cholesterol
(r = 0.19). After also correcting for leptin, the correlation
coefficients changed little and most remained significant.

When compared with leptin, the association of sOB-R to
the above measures is less strong except for HDL, and opposite
in direction.

3.3. Prospective cohort study

The prospective analysis is summarized in Table 3. Logistic
regression studies showed results similar to the linear
regression studies, and the data are therefore not presented
here. In the age, smoking, and WHR adjusted model, sOB-R is
significantly predictive of fasting glucose and the composite
metabolic syndrome score (8 = -.18 for both). It is also
predictive of most measures of adiposity, such as weight
(B=-.38), BMI (8= —.31), waist and hip circumferences (= -.35

Table 3 - Multivariable linear regression models of leptin-binding protein or leptin levels (per one unit increase) predicting

metabolic risk factors at follow-up

Dependent variable Unadjusted model Adjusted Adjusted
model 3 model 1
sOB-R Logio sOB-R Logio sOB-R Logio
(ng/mL) leptin (ng/mlL) leptin (ng/mL) leptin
B P R B P R B P B P B P B P
Weight (kg) -.44 <.001 0.20 .67 <.001 0.44 -.47 <.001 .66 <.001 -.38 <.001 54 <.001
BMI (kg/m?) -41 <001 017 69 <001 048 -41 <001 .68 <001 -31 <001 .54 <001
Waist circumference (cm) —-.45 <.001 0.20 .75 <001 0.57 -.46 <001 .75 <.001 -.35 <.001 .59 <.001
Hip circumference (cm) -48 <.001 0.23 .68 <001 046 -.51 <001 .68 <.001 -44 <001 .63 <.001
WHR -.26 .01 0.07 .64 <001 041 -.23 .02 .64 <.001 -.09 a1 35 <.001
Percentage body fat -.40 <.001 0.16 .70 <.001 0.49 -.40 <001 .69 <.001 -.30 <.001 .57  <.001
Heart rate (beats/min) -.29 .003 0.08 .20 .03 0.04 -.27 .01 .19 .04 -.28 .01 24 .03
Systolic blood pressure -.09 .19 0.01 .28 .004 0.08 -.13 12 .29 .003 -.10 17 .29 .01
(mm Hg)
Diastolic blood pressure -.05 .32 0.003 .23 .02 0.05 -12 14 .25 .01 -.07 .26 17 .09
(mm Hg)
Mean arterial pressure -.08 24 0.01 27 .004 0.08 -.14 .10 .30 .002 -.09 .20 24 .02
Total cholesterol (mg/dL) -.12 13 0.02 .19 .04 0.04 -.14 .10 .19 .04 -11 17 13 .15
HDL (mg/dL) -.09 20 0.01 .002 49 <0.01 -.10 .18 .004 .49 -.09 .28 -.06 31
LDL (mg/dL) -.09 .19 0.01 .16 .06 0.03 -.12 .15 17 .05 -.08 .23 .10 22
Triglycerides (mg/dL) -.02 41 0001 .13 11 001  -.02 45 13 12 -03 40 23 04
Fasting glucose (mg/dL) -.15 .08 0.02 .20 .03 0.04 -.17 .05 .20 .03 -.18 .049 .29 .01
Composite metabolic -.24 .01  0.06 42 <001 0.17 -.23 .02 31 .002 -.18 .04 .32 .01

syndrome score

Adjusted model 3: adjusted for age and smoking. Adjusted model 1: adjusted for age, smoking, and WHR. 8 denotes the adjusted regression
coefficient.
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and -.44, respectively), and percentage body fat (5 = -.30), as
well as heart rate (8= -.28). No significant predictive value was
noted for blood pressure or cholesterol.

Leptin exhibited a similar pattern to sOB-R with opposite
direction, although its predictive power was stronger as
demonstrated by a higher absolute j value for weight (0.54),
BMI (0.54), waist and hip circumference (0.59 and 0.63,
respectively), percentage body fat (0.57), fasting glucose
(0.29), and metabolic score (0.32). In addition, leptin was
significantly predictive of WHR, systolic blood pressure, mean
arterial pressure, and triglyceride levels, for which sOB-R had
no significant predictive value.

Interaction models revealed significant interactions be-
tween sOB-R or leptin and BMI in predicting metabolic factors
in this study, but the number of subjects with BMI higher than
25 kg/m? was relatively small preventing any further evalua-
tion of these. For example, we confirm prior findings of a
positive association with leptin for participants with a BMI less
than 25 kg/m? [9], but we found null association in those with a
BMI higher than 25 kg/m?. However, only 17 subjects had a BMI
higher than 25, and only 3 had a BMI greater than 30 kg/m?.
When correcting for BMI instead of WHR, the strength of the
associations were weaker. Consequently, in the prospective
study, sOB-R remained significantly associated only with
weight, waist circumference, hip circumference, and heart
rate at follow-up; leptin remained significantly associated
only with waist circumference, WHR, total cholesterol, and
LDL cholesterol.

4, Discussion

We first confirmed, using data from the cross-sectional arm of
this study of young Cypriot men, the previously described
inverse correlation between levels of sOB-R and leptin,
anthropometric measurements of obesity, fasting glucose,
and a composite score reflecting the components of the
metabolic syndrome. These correlations were consistently
weaker for sOB-R than for leptin, but persisted even after
adjusting for WHR.

In the cohort study, we found for the first time that sOB-Ris
predictive of fasting glucose in men, and it is the first
prospective study in either men or women looking at leptin
and sOB-R as predictors of anthropometric variables, cholesterol
profile, and blood pressure. We found sOB-R to be predictive of
most measurements of obesity, but no significant association
was found between sOB-R and blood pressure or cholesterol.

Our data are consistent with previously published findings
of an association between sOB-R and diabetes mellitus [9]. In
addition, our study shows that leptin also is predictive of
fasting glucose at the 2-year follow-up, a finding that was not
seen in the prior study in women [9]. Prior studies have
showed a sex difference in the predictive power of leptin for
type 2 diabetes mellitus, with one study showing a significant
prediction for men but not for women [16]. There may also be
differences between the American and Cypriot populations:
genetic, environmental, or dietary. Finally, the young age of
our study subjects might have allowed us to detect associa-
tions with serum glucose, whereas in older people higher
blood glucoses might have been translated into diabetes.

The importance of sOB-R predicting the development of
elevated fasting glucose lies in the underlying relationship of
fasting glucose with diabetes and metabolic syndrome. As
recently described [17], elevated fasting glucose is predictive of
diabetes mellitus, in addition to being a diagnostic criterion for
metabolic syndrome. Development of the metabolic syn-
drome is in turn associated with increased risk of cardiovas-
cular disease morbidity and mortality [17].

There are several plausible reasons for why sOB-R might be
predictive of fasting glucose and other metabolic markers. In
slimmer people, the higher level of sOB-R may prolong the
half-life of leptin [18] and may also potentiate leptin action at
the leptin receptor [19]. In addition, the higher serum level of
sOB-R likely reflects higher levels of available cell-bound
receptors [20]. All of these would potentially lead to increased
physiological effect of leptin, which through its central and
peripheral effects could reduce further weight gain and
prevent development of an adverse metabolic profile. It is
also possible that sOB-R exerts direct effects on the mechan-
isms underlying diabetes mellitus and the metabolic syn-
drome, but no such effect has yet been described.

Comparing sOB-R with similar hormone-binding proteins
can also help elucidate its importance. Most hormonal systems
are characterized by the presence of binding proteins; these act
as a hormone reservoir, delay clearance of the hormone from
the circulation, and may also have other effects. In some cases,
the main binding protein consists of the cleaved extracellular
portion of the membrane receptor of the hormone or cytokine.
This is the case, for example, for growth hormone and tumor
necrosis factor (TNF) o [21,22]. In the case of growth hormone,
there is indirect evidence that serum levels of the high-affinity
growth hormone binding protein roughly mirror the levels of
the membrane bound growth hormone receptor [23]. Hence,
levels are low in states of growth hormone resistance and
elevated in states of growth hormone sensitivity. In the case of
TNF-a, multiple studies have shown that levels of its soluble
receptors (sSTNFR-I and II) correlate with the activation status
of the TNF-a system [24,25].

Itis our current understanding that similarly, levels of sOB-R
correlate with the activation status of the leptin system. In
states of leptin sensitivity (states of lower fat mass), leptin binds
to its cell-bound receptor leading to upregulation of the receptor
and increased cleavage of the receptor into the extracellular
space. This in turn leads to increased serum levels of the
receptor, which is what we are measuring as sOB-R.

However, whereas measuring the receptor levels for TNF-a
and growth hormone are useful because of the lability of TNF-
o and the pulsatile secretion of growth hormone, leptin is a
stable molecule and can be measured in human serum
relatively easily. Moreover, our study finds that leptin has a
stronger association with fasting glucose and metabolic
syndrome at the 2-year follow-up than its circulating receptor
levels in young men. Both make routine measurements of
sOB-R less useful.

Strengths of this study include the number of participants
in the cross-sectional analysis, which is larger than any prior
study investigating the associations between sOB-R and
metabolic risk factors. In addition, this is the first prospective
study examining the association between serum sOB-R levels
and future metabolic characteristics in men. We adjusted for
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other potential confounders in our analysis, and the study
results were in keeping with prior results in women. Although
exercise and diet were not analyzed, the participants werein a
setting where their diet and exercise was nearly identical.
Finally, the prospective nature of the study incorporates the
time-sequence criterion for causality, but cannot fully prove
causality; this would require a prospective interventional trial.

The limitations of our study include a young and healthy
population and a relatively short follow-up time of 2 years. Only
28% of those invited participated in the 2-year follow-up, and
they had significantly different LDL cholesterol, waist circum-
ference, WHR, and leptin from those who did not follow up.
Although attrition bias could affect the generalizability of the
study, systemic attrition from death or development of disease
is unlikely to be present and introduce bias, as the population
was healthy and young. The follow-up group was relatively
small at 91 subjects, but statistical significance was still
maintained for several measures, indicating sufficient power.
Errors in laboratory measurements are possible, but laboratory
variables were measured blindly and without knowledge of the
underlying hypotheses. In addition, random misclassification
would have suppressed effect estimates and could not have
been responsible for significant results shown herein.

The lack of a significant predictive effect on other metabolic
measures such as blood pressure and cholesterol may be
related to insufficient variation in these parameters between
participants and between the 2 time points. In contrast, sOB-R
remained predictive of measures of adiposity, which had
changed significantly for the worse at the 2-year follow-up
visit. Because findings in women and in older adults may differ
from the results from this population of all young males,
similar studies in an older cohort with a longer follow-up time
would be helpful to confirm or refute our findings and expand
our observations to other parameters of the metabolic
syndrome, diabetes, and cardiovascular disease.
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