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Abstract Background and aims: Leptin (LPT) is associated with unfavourable cardio-metabolic
risk profile. Although a number of studies have found a positive association between LPT and in-
sulin resistance (IR), no observational study has evaluated a prospective association to detect a
predictive role of LPT in IR. Therefore, the aim of this study was to estimate the role of LPT on
the incidence of IR in an 8-year follow-up of a sample of adult men (The Olivetti Heart Study).
Methods and results: The study included 527 not diabetic men without IR (homeostasis model
assessment - HOMA index < 2.77 UI) at baseline. Baseline LPT was significantly and positively
associated with HOMA index, body mass index (BMI), waist circumference and blood pressure.
At the end of the 8-year follow-up period, a positive and significant association was detected be-
tween baseline LPT and changes in HOMA index (rZ 0.25, p < 0.01) and incidence of IR (OR: 2.6,
95%CI: 1.9e3.4). This trend was also confirmed after adjustment for potential confounders. In
addition, the predictive value of LPT was found in subjects who had not experienced any weight
increase over the years, and for normal weight and excess body weight participants, separately.
Conclusions: The results of this prospective study suggest a predictive role of circulating LPT
levels on a reduction of insulin sensitivity over time, independently of main potential con-
founders, in non-diabetic men without IR at baseline. In addition, in normal weight individuals,
LPT levels were associated with development of IR.
ª 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Leptin (LPT) is a hormone with pleiotropic actions, mainly
produced by adipocytes. In particular, LPT helps regulate
body weight by inhibiting the feeling of appetite and by
stimulating energy expenditure through the increase in
sympathetic-mediated thermogenesis in brown adipose
tissue [1]. On the other hand, excess body weight has been
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associated with high-circulating LPT levels [2], suggesting
that, in the presence of hyperleptinemia, the main meta-
bolic actions of LPT are largely ineffective (namely LPT
resistance), as observed during insulin resistance (IR) [3].
This condition is supported by studies on genetic varia-
tions of the hypothalamic LPT receptors gene [4]. Indeed,
the inverse relationship between LPT and insulin secretion,
mediated by LPT receptors [5,6], is not preserved in the
presence of LPT resistance [7e10].

Our previous investigations have shown that circulating
LPT levels are associated with unfavourable cardio-
metabolic profile in both cross-sectional and prospective
evaluations [11e14]. Conversely, scanty data are available
on a prospective association between LPT and insulin
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sensitivity to detect a predictive role of LPT. One obser-
vational study found an unfavourable association between
baseline LPT and changes in insulin levels over the years in
both men and women, but the study did non exclude
participants with IR at baseline [15].

Considering the well-known strong association be-
tween IR and cardiovascular risk, the aim of our study was
to prospectively analyse baseline LPT levels in relation to
the development of IR, in a sample of euglycemic men
without diabetes and IR at baseline, participating in the
Olivetti Heart Study (OHS).

Methods

Study population

The OHS was an occupational investigation of the male
workforce of the Olivetti factories in Southern Italy (Poz-
zuoli-Naples and Marcianise-Caserta), as previously
described [11]. A total of 1085 individuals (95% of the total
male workforce) aged 25e75 years (49.8 years) was
examined in 1994e95. For the purposes of the present
analysis, we excluded participants with diabetes (n Z 83)
(fasting blood glucose level �126 mg/dL or current anti-
diabetic therapy) and IR (homeostasis model assessment
- HOMA index > 2.77 UI) (n Z 264). We also excluded
participants whose demographic and anthropometric
characteristics and/or cardio-metabolic risk factors were
not available at baseline (n Z 80). Finally, from the initial
sample of 658 men without diabetes and IR, 527 (80%)
were seen again in 2002e04 and were considered eligible
for the present analysis.

The Ethics Committee of “Federico II” University in
Naples approved the Olivetti study protocol and the par-
ticipants provided their informed written consent to
participate.

Examination procedures

The OHS study procedures have been described previously
[11]. Briefly, physical examinations for both baseline and
follow-up visit were performed between 08:00 and
11:00 h, in a quiet and comfortable room, with the par-
ticipants having fasted for at least 13 h. Baseline and 8-
year follow-up visits included a physical examination
and anthropometric measurements, a blood test, a fasting
timed urine collection and the administration of a
questionnaire.

A fasting venous blood sample was taken in the seated
position between 8:00 AM and 10:00 AM. Blood speci-
mens were immediately centrifuged and stored at �70 �C
until analysis. Serum LPT was measured by an enzyme-
linked immunosorbent assay [R&D System GmbH,
Wiesbaden-Nordenstadt, Germany] [16]. Serum glucose
levels were measured with automated methods (Cobas-
Mira, Roche, Italy). Serum insulin was determined by
radioimmunoassay (Insulin Lisophase; Technogenetics,
Milan, Italy). Insulin sensitivity was estimated by the
HOMA index using the formula: fasting plasma insulin
(mU/mL) x fasting plasma glucose (mmol/L)/22.5. A HOMA
index >2.77 UI was considered as a cut-off value for IR
[17]. Serum creatinine was measured by the picric acid
colourimetric method.

Systolic and diastolic blood pressure (BP) (phase V)
were measured three times at 2 min intervals, with a
random zero sphygmomanometer (Gelman Hawksley Ltd.,
Sussex, UK) after the subject had been sitting for at least
10 min. The average of the second and third reading was
recorded. The diagnosis of hypertension was defined as
systolic BP � 140 and/or diastolic BP � 90 mmHg or cur-
rent antihypertensive drug treatment [18].

Body weight and height were measured on a standard
beam balance scale with an attached ruler. Body weight
was measured to the nearest 0.1 kg, and body height was
measured to the nearest 1.0 cm, with subjects wearing
light indoor clothing without shoes. Body mass index
(BMI) was measured according to the formula weight (kg)/
height2 (m). Excess body weight was defined as a BMI
�25 kg/m2. Waist circumference (WC), expression of
abdominal adiposity, was measured at the level of the
umbilicus with the subject standing erect, the abdomen
relaxed, arms at the sides, and feet together; measure-
ments were performed to the nearest 0.1 cm with a flex-
ible inextensible plastic tape.

Physical activity level was expressed according to
whether the participant habitually engaged at least 4 h per
week of aerobic exercise.

Statistical analysis

All statistical analyses were performed using the SPSS
software, version 20 (SPSS inc, Chicago,Ill). Because the
distribution of LPT was skewed, the log-transformed
values was used in the analyses. Changes in the partici-
pants’ main characteristics were calculated as final minus
basal measurements. The Chi-squared test was used to
evaluate differences between categorical variables. Bivar-
iate relationships between the variables under investiga-
tion were evaluated by Pearson correlation analysis. Paired
t-tests were used to assess differences between baseline
and follow-up visit in any of the variables under investi-
gation. The multivariable linear regression analysis was
used to determine the independent effect of LPT on
changes in HOMA index over time, adjusting for the main
potential confounders. The analysis of variance (ANOVA)
was used to assess differences in main baseline charac-
teristics and their changes between the group who
developed IR (IR[þ]) (HOMA index > 2.77 UI) and the one
who did not (IR[�]), and to compare baseline character-
istics between participants who developed diabetes
(fasting blood glucose level �126 mg/dL or current anti-
diabetic therapy) or impaired fasting glucose (IFG) (fasting
blood glucose level between �100 and � 126 mg/dL
without current anti-diabetic therapy) and those who did
not. The binary logistic regression analysis was used to
estimate the role of LPT on the development of IR,
adjusting for the main potential confounders. Given the
strong relationship between BMI and WC (r Z 0.78,
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p < 0.01), multivariate analyses were separately adjusted
for BMI or WC. In addition, baseline HOMA index was
transformed into rank to include them as covariate in
linear regression analysis. The results are reported as mean
or geometric mean (with standard deviation eSD) as
percentages or as odds ratio (OR) and 95% confidence in-
terval (95% CI), unless otherwise indicated.

It was estimated that 41 subjects were required in each
group to detect a true difference of 2 ng/mL (SD Z 2.8) in
LPT between group that developed IR and those not, and to
provide 90% power at 5% probability level (two-sided).
Two-sided P values below 0.05 were considered statisti-
cally significant.
Table 2 Baseline characteristics of the participants stratified by
development of insulin resistance at follow-up.

IR[�] IR[þ]

N. of participants 422 105
Age (yrs) 51.3 (7.8) 50.5 (6.6)
BMI (kg/m2) 26.1 (2.7) 28.1 (2.6)*
Excess body weight (%) 65 89*

Waist Circumference (cm) 92.2 (7.9) 97.4 (6.6)*
Systolic BP (mmHg) 127.4 (15.9) 128.9 (17.5)
Diastolic BP (mmHg) 82.9 (9.6) 83.9 (9.1)
Hypertension (%) 33 39

Glucose (mg/dL) 94.2 (8.6) 98.4 (9.6)*
Insulin (mU/mL) 7.0 (2.3) 8.4 (2.1)*
HOMA index (U) 1.6 (0.5) 2.0 (0.5)*
LPT (ng/mL)z 2.2 (2.3) 4.1 (2.0)*y

Data are expressed as means (SD) or as percentages; BMI: body
mass index; BP: Blood Pressure; HOMA: homeostasis model
assessment; IR[�]: not insulin resistance, IR[þ]: insulin resistance;
LPT: leptin. * IR[þ] vs IR[�]: p < 0.001; z Data expressed as geo-
metric mean. y analysis performed on log-transformed variable.

Table 3 Eight year risk of incident insulin resistance for 1-SD in-
Results

The baseline characteristics of the study participants are
reported in Table 1. The mean age was 51.2 (7.6) years and
mean BMI was 26.5 (2.8) kg/m2, with 70% having excess
body weight.

The analysis of the correlation between LPT levels and
the most relevant characteristics of participants at baseline
showed a significant and positive association with HOMA
index (r Z 0.23, p < 0.01), glucose (r Z 0.17, p < 0.01),
insulin (r Z 0.19, p < 0.01), BMI (r Z 0.51, p < 0.01), WC
(r Z 0.51, p < 0.01) and BP (systolic: r Z 0.12, p < 0.01;
diastolic: r Z 0.12, p < 0.01), but not with age (p > 0.05).

At the eight-year follow-up, a significant increase in
BMI (0.5 kg/m2), WC (3.6 cm) and HOMA index (0.3 UI)
was observed, and an overall incidence of IR of 20% and of
diabetes of 4.4% was detected, and 16 new cases of IFG
were found. The analysis of the correlation underlined a
significant positive association of basal LPT levels with
changes in HOMA index (r Z 0.25, p < 0.01) and insulin
(r Z 0.29, p < 0.01), but not with changes in BMI and WC.
The multivariate analysis confirmed the predictive role of
LPT on changes in HOMA index, after accounting for
baseline age, HOMA index, and BMI (for 1-SD increase in
log-LPT [2.3 ng/mL]: b Z 0.22, 95%CI Z 0.08e0.35;
p Z 0.001) or WC (b Z 0.25, 95%CI Z 0.12e0.39;
p Z 0.001). Furthermore, in the model including changes
in BMI or WC over time as covariate, LPT levels also
Table 1 Baseline characteristics of the study participants.

N. of participants 527
Age (yrs) 51.2 (7.6)
BMI (kg/m2) 26.5 (2.8)
Excess body weight (%) 70

Waist Circumference (cm) 93.3 (8.0)
Systolic BP (mmHg) 127.7 (16.2)
Diastolic BP (mmHg) 83.1 (9.5)
Hypertension (%) 34

Glucose (mg/dL) 95.0 (9.0)
Insulin (mU/mL) 7.3 (2.3)
HOMA index (U) 1.7 (0.6)
LPT (ng/mL)z 2.5 (2.3)

Data are expressed as means (SD) or as percentages; BMI: body
mass index; BP: Blood Pressure; HOMA: homeostasis model
assessment; LPT: leptin z Data expressed as geometric mean.
remained significantly associated with changes in HOMA
index (p < 0.01).

We also stratified the whole sample by IR after the eight
year follow-up; Table 2 shows the differences in baseline
features between IR[þ] and IR[�] participants. The IR[þ]
group had higher LPT, BMI and WC, with higher prevalence
of excess body weight that the IR[�] group. Also, baseline
BP, glucose, insulin and HOMA index were significantly
higher in IR[þ] participants than in IR[�], while no differ-
ence was detected for age. The logistic regression analysis
confirmed the significant positive association between
baseline LPT and development of IR over time (OR: 2.6; 95%
CI: 1.9e3.4) (Table 3). The association remained statistically
significant also accounting for baseline age, HOMA index,
physical activity, and BMI or WC (Table 3). Although during
follow-up BMI and WC changes were significantly more
marked in the IR[þ] group than in the IR[�] (changes in
BMI: þ1.3 vs þ 0.4 kg/m2, p < 0.01; changes in WC: þ5.2
vs þ 3.2 cm, p < 0.01), the models adjusted for these
crease in log-Leptin (logistic regression analysis).

Risk of Insulin
Resistance OR (95% CI)

P-value

1-SD [ in log-Leptin*
Unadjusted 2.6 (1.9e3.4) <0.001
Multivariable Modela 1.9 (1.4e2.7) <0.001
Multivariable Modelb 2.0 (1.4e2.8) <0.001
Multivariable Modelc 2.6 (1.9e3.6) <0.001
Multivariable Modeld 2.5 (1.8e3.4) <0.001

OR:OddsRatio; SD: standarddeviation;BMI: bodymass index;HOMA:
homeostasis model assessment; *1-SD log-Leptin Z 2.3 ng/mL.
a Adjusted for baseline age, BMI, Homa, physical activity.
b Adjusted for baseline age, waist circumference, Homa, physical

activity.
c Adjusted for baseline age, Homa, physical activity, and BMI

changes.
d Adjusted for baseline age, Homa, physical activity, and waist

circumference changes.
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changes detected similar results (Table 3). In addition, also
when we considered only participants who did not have
weight increase over the 8 years (52.2%, n Z 275), baseline
LPT remained predictive of a reduction in insulin sensitivity
(b Z 0.38, 95%CI Z 0.22e0.53; p < 0.01) and IR develop-
ment (OR: 3.1; 95%CI: 1.8e5.3; p < 0.01).

We also carried out separate analyses after stratification
by baseline body weight. At the end of follow-up, the
groups with excess body weight had a significantly greater
incidence of IR than normal weight participants (25% vs
7%; p < 0.01). Baseline LPT was significantly higher in IR
[þ] than IR[�], both in normal and excess body weight
subjects (Fig. 1). The predictive role of LPT on IR develop-
ment was confirmed in the analysis when adjusting for age
and baseline HOMA index (for 1-SD increase in log-LPT,
normal weight- OR: 5.7, 95%CI: 2.0e16.5; excess body
weight- OR: 1.9, 95%CI: 1.4e2.7). Although during follow-
up there was a significantly greater increase in anthropo-
metric indices in IR[þ] compared to IR[�] in both the
normal and excess body weight group, when the analysis
was adjusted for changes in BMI (normal weight- OR: 5.8,
95%CI: 1.8e18.7; excess body weight- OR: 2.0, 95%CI:
1.4e2.9) or WC (normal weight- OR: 6.7, 95%CI: 2.0e21.9;
excess body weight- OR: 2.0, 95%CI: 1.4e2.8) the results
were similar.

Finally, we analysed LPT stratified by IFG and diabetes
development. LPT was significantly higher in participants
with IFG than in those without (3.80 (2.08) vs 2.29 (2.34)
ng/ml, p Z 0.02). On the other hand, LPT was slightly
higher in those who developed diabetes than in the other
participants (2.63 (2.51) vs 2.51 (2.34) ng/ml, p Z 0.8).
Conversely, when those who developed diabetes (n Z 23)
were matched one-by-one for age, BMI and central
adiposity, LPT was significantly greater in the new diabetic
participants (Appendix Table 1).
Discussion

To our knowledge, this is the first study directly relating
baseline LPT levels to changes in insulin sensitivity over
time, in a relatively large middle-aged sample of
Figure 1 Baseline leptin levels and development of insulin resistance,
in the total sample, stratified by normal weight and excess body weight
subjects. IR[�]: not insulin resistance, IR[þ]: insulin resistance. zData
expressed as geometric mean. *p < 0.001.
individuals without diabetes or IR at baseline, observed for
a reasonably long period. In particular, our results indicate
that LPT levels are positively associated with changes in
insulin sensitivity over an eight year period and are pre-
dictive of IR development, also after accounting for po-
tential confounders at baseline and at follow-up, such as
age, insulin sensitivity, physical activity and anthropo-
metric measures. The predictive role of baseline LPT levels
was also confirmed in subjects who did not have any
weight increase over the years, and in both normal and
excess body weight participants, separately. In addition, as
far as we know, this is also the first time that a study an-
alyzes the development of IR in a group of normal weight
subjects and without IR at baseline. LPT levels were also
higher in those who developed IFG or diabetes, in partic-
ular when matched for age and adiposity indices. Despite
the low incidence of IFG and diabetes and the small
sample size, these results support the predictive role of
LPT on altered glucose homeostasis.

One prospective study detected an unfavourable asso-
ciation between baseline LPT and changes in insulin levels
after 10 years of follow-up, in both male and female par-
ticipants [15]. However, limitations of this study are that IR
individuals at baseline were not excluded from the anal-
ysis and insulin levels are a weak expression of IR.

The key role of LPT on glucose homeostasis is already
supported by a wealth of evidence. Indeed, LPT adminis-
tration improves insulin functions in normal and diabetic
rats [19,20]. Moreover, LPT reduces gene expression and
the activity of negative regulators involved in the glucose
transporter GLUT4 in skeletal muscle [21]. Other experi-
mental studies have shown that LPT increases both basal
and insulin stimulated glucose uptake and oxidation in
isolated muscles [22]. However, studies carried out in
pathological conditions - such as obesity-have pointed out
the negative metabolic effect of LPT [3], indicating that LPT
resistance may be due to defects in LPT signalling [4]. The
signalling attenuation could be mediated by different
mechanisms including the up-regulation of the suppressor
of cytokine signalling (SOCS3) in the cytoplasm and of the
protein tyrosine phosphatase-1B (PTP1B) in the endo-
plasmic reticulum, both involved in the regulation of the
JAK2/STAT3 pathway [7e10]. Furthermore, other experi-
mental studies support the hypothesis that LPT regulates
peripheral insulin sensitivity via the effects on the liver,
and that the mechanism underlying this effect is depen-
dent on the hepatic sympathetic and parasympathetic
branches of the autonomic nervous system [23,24]. Such
pathway alterations might contribute to IR [7e10] by
affecting the inverse relationship with insulin secretion
[3,5,6,25].

Also some classes of drugs could have a beneficial ac-
tion on LPT levels, which in part would explain its
favourable effect on cardiovascular risk [26e29]. Experi-
mental and clinical studies have shown a reduction of LPT
with the administration of different antidiabetic classes.
Metformin (a biguanide) expresses beneficial effects
thought different ways: it decreases LPT, upregulates the
expression of LPT receptors in the liver, improves the LPT
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hypothalamic sensitivity, and reduces LPT-related reactive
oxygen species production [26]. Sitagliptin (a dipeptidyl
peptidase-4 inhibitor) reduces LPT in animals and humans
[30,31], as do pioglitazone (a thiazolidinedione) [32] and
empagliflozin (a sodium-glucose co-trasporter 2) [33].
Conversely, liraglutide (a glucagon-like peptide-1 receptor
agonist) improves LPT resistance, in addition to reducing
LPT during treatment [34,35]. Also statin therapy seems to
be associated with a reduction in LPT [27,36,37], as
recently confirmed by an experimental study showing a
favourable effect of simvastatin and atorvastatin on LPT
expression in primary human adipocytes [38]. Moreover,
the results of a meta-analysis on nine randomized
controlled trials show that orlistat (an anti-obesity drug)
seems to have a beneficial effect on LPT (28). On the other
hand, the results of a meta-analysis (including only two
studies) indicated a non-significant reduction in LPT dur-
ing ezetimibe added to statin therapy (29). Of note, based
on such evidence, LPT levels in our sample were not
affected by therapy, as none of the participants were on
anti-diabetic or on statins therapy at baseline.

In previous epidemiological studies, LPT levels were
higher than in our sample [2,39,40]. Indeed, this difference
may be due to the exclusion of subjects with diabetes and
IR, and to the low prevalence of obesity in our population
sample (10%). Although, LPT resistance is essentially pre-
sent in obese or overweight individuals, our results show
that LPT levels are predictive of IR development in excess
body weight participants, as expected, but also underline
that such predictive role is present in normal weight
humans, particularly in subjects who did not experience
weight increase over the years. Noteworthy is that LPT
levels in IR[þ] normal weigh men were higher than in
excess body weight IR[�] participants.

In the absence of a threshold for the LPT resistance, our
results suggest that for a 2.3 ng/mL increase in LPT levels
there is two-fold increased risk to develop IR, indepen-
dently of body weight.

The results of this paper are in line with our previous
studies on the relationship between LPT and cardio-
metabolic and cardiovascular risk [11e13].

The strengths of our study are: a) the prospective
design; b) the relatively long follow-up period; c) the in-
clusion of untreated non-diabetic participants without IR;
d) the careful standardization of data collection at both
baseline and follow-up examination; e) the fact that none
of the participants had taken any treatment affecting
baseline LPT levels.

Nonetheless, the study has some limitations: the first
one is the participation of only adult white male in-
dividuals, which makes our results only generalizable to
male Caucasian people. Another limitation is the lack of
intermediate parameters measured during the 8-year
follow-up period, with the consequent inability to
perform a time-to-event analysis relative to changes in
insulin sensitivity. Finally, serum LPT interacting proteins
and circulating leptin-receptor were not assessed.

In conclusion, the present analysis of a selected sample
of adult male population drawn from the Olivetti Heart
Study database, indicated that high LPT levels predict the
development of IR, independently of the main potential
confounders, in particular body weight at baseline and its
changes over the years. In addition, LPT levels were also
higher in participants who developed diabetes, indepen-
dently of body weight; however, definitive conclusions on
the predictive role of LPT on diabetes cannot be drawn due
to the small sample size.

Our study adds sound evidence to the hypothesis
accumulated through previous studies in favour of a causal
role of LPT on cardio-metabolic risk over time. Thus, given
also the strong role of IR on cardiovascular risk, further
investigations are needed to better clarify the mechanisms
involved, in particular in individuals with normal insulin
sensitivity at baseline.
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