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Abstract: Background: De-regulation of adipocytokines synthesis and secretion appears to be involved in the patho-
genesis of different metabolic diseases. Aims: We assessed a possible association between plasmatic levels of 
lipocalin-2 (LCN2) and type 2 diabetes mellitus (T2DM), as well as among levels of LCN2 and those of adiponectin, 
ghrelin, leptin and resistin, in Mexican diabetic patients. Subjects and methods: Fifty-three healthy individuals and 
fifty-three with long-term T2DM were included. Measurements from all patients for BMI, fasting glucose, insulin, lip-
ids and adipocytokine profiles were obtained. Results: Comparison of data between the corresponding for diabetic 
subjects and those of healthy individuals showed significant differences in every anthropometric and metabolic 
parameter analyzed (P < 0.001). In diabetic subjects, lipocalin-2 and ghrelin plasmatic levels were statistically 
diminished (P < 0.001) in comparison with the levels registered in healthy subjects. In conclusion, in this study we 
found that LCN2 plasmatic levels are reduced in Mexican subjects with long-term diabetes and this reduction in 
circulating concentrations is similar to the one reported for anti-inflammatory adipocytokines, which suggests that 
lipocalin-2 is somehow involved in insulin resistance and cardiometabolic alterations through an uncharacterized 
mechanism generated by the inflammation process. 
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Introduction 

At present, the prevalence of type 2 diabetes 
mellitus (T2DM) has reached worldwide epi-
demic proportions, representing the associat-
ed morbidity and mortality rates, a great eco-
nomic burden especially for developing 
countries [1]. Therefore, the early identification 
of the risk factors related to this pathology in 
apparently healthy subjects results imperative. 
It is well established that in metabolic altera-
tions such as insulin resistance, dyslipidemia, 
hypertension and T2DM, a deregulation of adi-
pocytokines synthesis and secretion, charac-
terized mainly by adipocyte hypertrophy and 
macrophage infiltration occurs, leading to a 
chronic low-grade inflammatory state that inter-
feres in the morbidity of these diseases [2-4]. 
In this context, in patients with metabolic dis-
eases, serum concentrations of different adi-
pocytokines may be either increased or 
reduced. In fact, high concentrations of leptin, 

interleukin 6 (IL-6), Tumor Necrosis Factor alpha 
(TNF-alpha) or resistin, as well as reduced lev-
els of adiponectin or ghrelin, are considered 
hallmarks of inflammation derived from an 
impaired metabolism [5]. Leptin, the protein 
product of the obese (ob or Lep) gene, is a hor-
mone synthesized by adipocytes that signals 
available energy reserves to the brain, thereby 
influencing development, growth, metabolism 
and reproduction. In mammals, leptin acts as 
an adiposity signal: circulating leptin fluctuates 
in proportion to fat mass, exerting its action on 
the hypothalamus to suppress food intake. 
Hyperleptinemia positively correlates with pro-
duction of inflammatory cytokines and meta-
bolic syndrome [6, 7]. IL-6 and TNF-alpha are 
inflammatory cytokines, directly involved in the 
development of insulin resistance. IL-6 is highly 
expressed in adipose tissue and its circulating 
concentrations are increased in obese humans. 
Interleukin-6 role in the development of meta-
bolic alterations remains controversial; when 
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administered peripherally, this adipokine dis-
rupts insulin signaling by enhancing expression 
of the suppressor of cytokine signaling (SOCS), 
an insulin inhibitory molecule, on the contrary, 
when IL-6 is administered centrally an enhance-
ment in energy expenditure, as well as a decre-
ment in body mass index are observed [8]. TNF-
alpha alters insulin sensitivity through changes 
in the phosphorylation pattern of the insulin 
receptor substrate-1 [9]. Resistin is another 
pro-inflammatory molecule, which is also 
involved in the development of metabolic alter-
ations. It is predominantly expressed in macro-
phages. Thus the release of resistin is stimu-
lated by IL-6, hyperglycemia as well as by 
growth and sex hormones [10]. On the other 
hand, anti-inflammatory adipocytokines like 
adiponectin or ghrelin promote glucose uptake 
and improve insulin sensitivity. Adiponectin 
exerts its anti-inflammatory properties by inhib-
iting the activation of NF-κB and consequently 
the production of both lipopolysaccharide and 
TNF-alpha in macrophages. Adiponectin also 
stimulates the production of IL-10, also consid-
ered an anti-inflammatory cytokine [8]. Ghrelin 
is a 28 amino acid peptide hormone synthe-
sized mainly by the stomach. Its orexigenic 
function was accidentally identified, while 
studying the effect of ghrelin on growth hor-
mone release in healthy humans [11]. Studies 
conducted in ob/ob mice, where ghrelin’s syn-
thesis was ablated, demonstrated an improve-
ment on glucose tolerance, consequence of an 
increment of serum insulin levels and insulin 
sensitivity, whereas the body weight was not 
reduced [12, 13]. In fact, ablation of either 
ghrelin or its receptor in adult mice under the 
administration of a high fat diet, did not prevent 
obesity, but increased insulin sensitivity, which 
suggests that ghrelin’s primary role is not appe-
tite control but the regulation of glucose 
homeostasis [13].

Recently, lipocalin-2, also known as Neutrophil 
Gelatinase-Associated Lipocalin-2 (LCN2 or 
NGAL) has drawn the attention of many 
researchers, due to its implication in metabolic 
alterations [14]. Lipocalin-2 is a member of the 
lipocalin superfamily comprised by small 
secreted proteins, characterized by the pres-
ence of three conserved motifs, conforming a 
single eight-stranded anti-parallel beta-barrel 
similar to a calyx that presents the ability to 
bind organic ligands, specific cell surface recep-
tors or to form complexes with soluble macro-
molecules. These three specific features confer 

a vast functional diversity. Thus, lipocalins are 
involved in different roles such as: retinol trans-
port, cryptic coloration, olfaction, pheromone 
transport and enzymatic synthesis of prosta-
glandins. They are also implicated in the regula-
tion of the immune response and cell homeo-
stasis [15]. 

Lipocalin-2 is reported to be associated with 
obesity and insulin resistance [16], but recent 
investigations have revealed conflicting results. 
Despite the high prevalence of type 2 diabetes 
among Mexican people, data on lipocalin-2 
plasmatic concentrations as well as its associ-
ation with T2DM are not available; therefore, 
the aims of this study were to quantify lipocal-
in-2 circulating levels both in healthy individu-
als and T2DM Mexican patients and to assess 
the correlation between plasma levels of this 
adipocytokine and metabolic components of 
diabetes, as well as between the levels of LCN2 
and those of six other adipocytokines (adipo-
nectin, ghrelin, IL-6, leptin, resistin and TNF- 
alpha). 

Material and methods

Study design & patients

A non-randomized cross-sectional assay was 
conducted on a total of 53 healthy individuals 
and 53 patients with type 2 diabetes mellitus, 
who were receiving medical attention at a sec-
ondary or primary care level hospital at Mexico 
City. Written informed consent was obtained 
from all patients before screening was under-
taken. Upon medical consultation, each sub-
ject was interviewed for familiar history of dia-
betes, metabolic syndrome and/or cardiopa- 
thies. Exclusion criteria included: acute or 
chronic infectious diseases, liver or renal dys-
function, cardiopathies, as well as any disease 
generating inflammation. The present study 
was authorized by the Bioethics Committee of 
the Instituto Mexicano Del Seguro Social in 
accordance with the ethical guidelines com-
prised in the 1975 Declaration of Helsinki 
(1964). 

Measurements of body weight and composi-
tion

All anthropometrical and biochemical measure-
ments were taken as reported previously [17]. 
Briefly, in the standing position, weight and 
height were measured with the subjects in light 
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clothing and without shoes using a fixed scale 
with stadimeter (Tanita TBF-215. Tokyo, Japan). 
The increments of weight and height measure-
ments were 0.1 kilograms and 0.01 meters, 
respectively. Body mass index (BMI) was calcu-
lated as weight (kilograms) divided by height 
(meters) squared. Obesity was defined by a BMI 
of 30 kg/m2 or more, and overweight by a BMI 
of 25 kg/m2 or more, but less than 30 kg/m2. 
Blood pressure measurements were taken in a 
supine position after 5 min of rest, following 
guidelines recommended in the Sixth Report of 
the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High 
Blood Pressure (The sixth report of the joint 
national committee, 1997). 

Assays

In order to obtain fasting plasma glucose (FPG) 
levels as well as lipid profiles, glycated hemo-
globin (HbA1c), and adipocytokine levels, 
venous blood samples were drawn after an 
overnight fasting of 8 to 10 hours and immedi-
ately stored at -70°C for subsequent assays. 

defined as fasting glucose (mg/dL) multiplied 
by fasting insulin (µU/mL), divided by 405. 
Dyslipidemia was defined as anyone of the fol-
lowing: total cholesterol above 200 mg/dL, 
HDL cholesterol below 40 mg/dL, LDL choles-
terol above 130 mg/dL, or triglycerides (TG) 
above 150 mg/dL. 

Measurements of adipokines

Plasma adiponectin and ghrelin levels were 
measured by a specific radioimmunoassay 
(Linco Research Inc., St Charles, MO, USA). 
Plasmatic levels of resistin, leptin, IL-6 and 
Tumor TNF-alpha were measured by enzyme-
linked immunosorbent assay (ELISA) (R & D 
Systems, Minneapolis, MN, USA); lipocalin-2 
circulating levels were quantitated with a NGAL 
ELISA kit (BioPorto Diagnostics, Denmark). All 
ELISA experiments were determined in dupli-
cate as recommended by the manufacturer. 
Intra e inter-assay coefficients of variation for 
all measurements were < 7%, respectively. Also 
a standard curve was included within each 
assay.

Table 1. Baseline characteristics of control subjects and 
patients with type 2 diabetes mellitus
Variables Control (n = 53) T2DM (n = 53)
Sex (Male/Female) (24/29) (33/20)
Age (years) 42.5 ± 3 48 ± 3
Body mass index (BMI, Kg/m2) 23.4 ± 1 31.5 ± 2***
Total cholesterol (mg/dL) 165 ± 2.6 263 ± 4***
LDL (mg/dL) 95.4 ± 2.7 130 ± 18***
HDL cholesterol (mg/dL) 50 ± 1.2 45.3 ± 1.2***
Triglycerides (TG, mg/dL) 107.7 ± 5.4 244.4 ± 15**
Fasting glucose (mg/dL) 88.9 ± 1.5 191.8 ± 7.2***
Fasting insulin (µU/mL) 10.6 ± 0.5 25 ± 2***
HOMA-IR 2.3 ± 0.1 10 ± 1***
HbA1c (%) 5.4 ± 0.6 8.5 ± 0.2**
SBP (mmHg) 111 ± 9.3 136 ± 2.5***
DBP (mmHg) 72 ± 7 85 ± 2***
Creatinine (mg/dL) 0.6 ± 0.05 0.6 ± 0.06
Obesity (%) 55
Hypertension (%) 80
Dyslipidemia (%) 75
Hypercholesterolemia (%) 57
Data are expressed as mean ± standard error. Values were compared 
between groups employing a Mann-Whitney test for independent samples; 
**P < 0.001, ***P < 0.0001. BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin glycated; LDL, 
low-density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeosta-
sis model assessment index-insulin resistance; HC, hypercholesterolemia; 
T2DM, type 2 diabetes mellitus. 

The population of study was catego-
rized according to the criteria of the 
American Diabetes Association (The 
expert Committee on the Diagnosis 
and Classification of Diabetes Melli- 
tus, 1999), considering control sub-
jects, those with FPG of less than 
100 mg/dL and patients with type 2 
diabetes mellitus those presenting 
an impaired fasting glucose (IFG) of 
100 mg/dL or more, but less than 
126 mg/dL and HbA1c < 5.7%. 

The glucose-oxidase method was 
employed to measure plasma glu-
cose. Triglycerides, total cholesterol, 
low-density lipoprotein (LDL), high-
density lipoprotein (HDL), and HbA1c 
were assayed using a Technicon 
RA1000 analyzer (Bayer Diagnostics, 
Puteaux, France). Insulin was cen-
trally assayed on serum by a specific 
radioimmunoassay (Linco Research 
Inc., St Charles, MO, USA). Intra e 
inter-assay coefficients of variation 
for all measurements were < 7%, 
respectively. Insulin resistance (IR) 
was estimated using the homeosta-
sis model assessment index-insulin 
resistance (HOMA-IR). HOMA-IR is 
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Statistical analysis

Data are presented as mean value per group 
and standard error (SE); for categorical vari-
ables, number and percentage were deter-
mined. In order to analyze both anthropometric 
and biochemical differences between the con-
trol group and the diabetic group, we employed 
a Mann-Whitney test for independent samples. 
Also, to assess within patients with T2DM a 
possible correlation between lipocalin-2 con-
centrations (considered to be the independent 
variable) and all the anthropometric and bio-
chemical variables analyzed (considered 
dependent variables), a Spearman rank corre-
lation test was performed. A P value ≤ 0.05 was 
considered as statistically significant. All statis-
tical analyses were performed with the Graph 
Pad Prism version 5.1. 

Results

A total of 106 subjects, 53 healthy individuals 
(24 men and 29 women) and 53 subjects with 

T2DM (33 men and 20 women) were included; 
16 men and 14 women with hypercholesterol-
emia (HC). Data of anthropometrical and bio-
chemical parameters from both groups are 
shown in Table 1. As expected, all biochemical 
parameters were considerably higher in the dia-
betic subjects, in comparison with the ones 
registered in the control group, excepting the 
one reported for creatinine, which was almost 
identical between groups; all biochemical dif-
ferences, between the control group and the 
diabetic individuals were statistically significant 
(P < 0.0001). 

Interestingly, the results from the quantification 
of lipocalin-2 plasmatic levels showed that in 
control subjects these levels were higher than 
in patients with diabetes (98 ± 5.1, vs 65 ± 8 
ng/mL), such difference was statistically signifi-
cant (P < 0.01) (Table 2). In the same manner, 
the results derived from the plasmatic quantifi-
cation of the other six adipocytokines studied 
(ghrelin, adiponectin, leptin, resistin, TNF-alpha 
and IL-6), showed statistical difference between 
control and study groups for all adipocytokines, 
being the reduction of ghrelin’s plasmatic levels 
the most significant (1 592 ± 205 vs 806 ± 37) 
(P < 0.0001) (Table 2). We also analyzed the 
correlation among levels of all the anthropo-
metric and biochemical parameters within the 
diabetic group. The Spearman rank correlation 
test indicated that only the correlations 
between BMI and glucose, BMI and insulin, as 
well as between glucose and insulin, were sta-
tistically significant (P < 0.003, P < 0.009 and P 
< 0.003, respectively) (Table 3). Correlations 
among the plasmatic levels of the six adipocy-
tokines studied were no statistically significant 
within the diabetic group. 

Discussion

In an attempt to contribute in the understand-
ing of the role that lipocalin-2 may exert in met-
abolic diseases, in this study we quantitated 
LCN2 plasmatic concentrations in both healthy 
subjects and diabetic individuals of Mexican 
origin and assessed a possible correlation 
between circulating levels of LCN2 and meta-
bolic components of T2DM; Firstly, our results 
showed a significant decrease of lipocalin-2 cir-
culating levels in patients with diabetes in com-
parison with the levels observed in the plasma 
of healthy subjects (Table 2). Moreover and in 
disagreement with what has been reported by 

Table 2. Baseline plasmatic concentrations 
of LCN2 and six other adipocytokines in both, 
control and diabetic subjects

Variables Control  
(n = 53)

T2DM  
(n = 53)

Lipocalin-2 (ng/mL) 98.2 ± 5.1 65.44 ± 8**
Ghrelin (pg/mL) 1592 ± 205 806 ± 37**
Adiponectin (µg/mL) 16.3 ± 2 8.9 ± 1**
Leptin (ng/mL) 3.4 ± 1 17.7 ± 2***
Resistin (ng/mL) 3.7 ± 2 10.2 ± 0.2***
TNF-alpha (pg/mL) 4.2 ± 1.2 22.5 ± 7.5**
IL-6 (pg/mL) 24.8 ± 7 108 ± 20**
Data are expressed as mean ± standard error. Values 
were compared between groups employing a Mann-Whit-
ney test for independent samples; **P < 0.001, ***P < 
0.0001.

Table 3. Spearman rank correlation test for 
three metabolic parameters

Body Mass 
Index Glucose Insulin

Body Mass Index 1.000 -0.30** 0.32**
Glucose -0.30** 1.000 -0.4**
Insulin 0.32** -0.4** 1.000
Spearman rank correlation test between body mass 
index (BMI) and glucose; BMI and insulin and between 
glucose and insulin within patients with type 2 diabetes 
mellitus; **P < 0.01.
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different research groups [18-21], regarding an 
increase of LCN2 levels in subjects with obesity 
and obesity-related metabolic disorders, in our 
study this decrement of lipocalin-2 circulating 
levels of diabetic patients, was observed 
despite a BMI > 30 in the majority of them. 
When performing a correlation test for all the 
variables of the diabetic group, a statistically 
significant correlation between BMI and both 
glucose and insulin levels was observed. The 
latter was to be expected, since a relationship 
between a greater BMI and impaired levels of 
glucose and/or insulin is well documented [22, 
23], but is also suggests that the decrease in 
lipocalin-2 levels may not be a direct conse-
quence of either increased BMI or impaired glu-
cose metabolism. 

Unfortunately, the cross-sectional design of our 
study limits the possibility to determine if a 
reduction of LCN2 plasmatic levels may indeed 
constitute a risk factor for type 2 diabetes mel-
litus. On the other hand, it is well established 
that adipocytokine levels, may reflect the 
inflammatory state in metabolic disorders. 
Some of them pose protective anti-inflammato-
ry effects, such as adiponectin and ghrelin, and 
others like resistin or interleukin-6 have the 
opposite effect [24]; in our study, we assessed 
a possible correlation between LCN2 levels and 
those of several adipocytokines in patients 
with T2DM. Even though there was not a statis-
tically significant correlation between LCN2 
and any of the six adipocytokines, our results 
showed a difference between the adipocyto-
kines levels of the control group versus the dia-
betic group, which is in accordance with what 
has been reported regarding pro-inflammatory 
cytokines; that is, leptin, resistin and IL-6 con-
centrations were increased in the diabetic 
groups as opposed to the respective concen-
trations observed in healthy individuals. 
Conversely, levels of the anti-inflammatory adi-
pocytokines, adiponectin and ghrelin were 
reduced in subjects with diabetes in compari-
son with the levels reported in control subjects 
(Table 2) [7]. In this context, it has been dem-
onstrated that both adiponectin and ghrelin 
exert cardioprotective actions through different 
mechanisms [25, 26] and their low plasmatic 
levels are also associated with insulin resis-
tance, and prevalence of T2DM [27]; based on 
the latter, we could speculate that like adipo-
nectin and ghrelin, LCN2 acts as a protective 
cytokine and the lower concentrations observed 

in diabetic patients are due to specific mecha-
nisms activated by the inflammatory condition 
present in these subjects which is also related 
to a higher risk for developing cardiometabolic 
diseases. A study performed by Alkharfy et al. 
[28], demonstrated a reduction of LCN2 levels 
in obese and non-obese diabetic individuals, 
whereas in the same study, LCN2 levels were 
increased in patients with only cardiovascular 
anomalies. Likewise, a recent study reported 
low serum levels of LCN2 in women with poly-
cystic ovarian syndrome (PCOS) as opposed to 
the levels observed in controls, while both the 
carotid intima media thickness and the aortic 
stiffness were significantly increased in PCOS 
patients [29]. Although the authors of both 
studies stated no significant correlation 
between serum LCN2 levels and such cardio-
vascular anomalies, these results may suggest 
that the reduction or increment on lipocalin-2 
levels within cardiometabolic alterations 
depend on the level of inflammation, the dis-
ease stage and whether or not any of the 
inflammatory associated pathologies to diabe-
tes mellitus, like acute kidney injury or cardio-
vascular diseases (which in our case neither of 
both were present in any of the diabetic 
patients), coexist. 

In the same manner, studies performed on 
plasma of patients with essential hypertension, 
demonstrated an independent association 
between increased levels of lipocalin-2 and 
mean arterial pressure [30]. Recent investiga-
tions also demonstrated an elevated concen-
tration of LCN2 in both urinary and plasmatic 
samples of patients with cardiac surgery [19, 
31]. Huang et al., analyze the circulating levels 
of LCN2 in a large Chinese population, indicat-
ing a significant increment of lipocalin-2 levels 
in patients with glucose alterations, but the 
majority of patients were pre-diabetic and the 
ones reported as diabetic were diagnosed 
while conducting such study [28]. Taking this 
into account, it is worth mentioning that in our 
study, a non-significant increment of LCN2 lev-
els in pre-diabetic patients was observed (data 
not shown). The latter supports the idea of lipo-
calin’s ambivalent behavior depending on both 
the grade of tissular damage caused by diabe-
tes, and the amount of time the patient has 
been suffering this disease, which in the case 
of the patients analyzed herein, the average 
was 8.5 years. Additionally, the interrelation-
ship among altered levels of the other cyto-
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kines in patients with T2DM may be eliciting 
the reduction in lipocalin-2 plasmatic concen- 
trations. 

In conclusion, in this study we found that LCN2 
plasmatic levels are reduced in Mexican sub-
jects with long-term diabetes and this reduc-
tion in circulating concentrations is similar to 
the one reported for ghrelin, which suggests 
that lipocalin-2 is somehow involved in cardio-
metabolic alterations through an uncharacter-
ized mechanism generated by the inflammation 
process. 
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