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Abstract 

Background:  The aim of this study was to investigate the interrelationships between three bone-derived factors 
[serum osteocalcin (OCN), fibroblast growth factor (FGF) 23, and neutrophil gelatinase-associated lipocalin (NGAL) 
levels] and body fat content and distribution, in order to reveal the potential endocrine function of bone in the devel-
opment of obesity.

Methods:  We recruited 1179 people (aged 59.5 ± 6.2 years) from communities in Shanghai. Serum OCN levels were 
determined using an electrochemiluminescence immunoassay. Serum FGF23 and NGAL levels were determined 
using a sandwich enzyme-linked immunosorbent assay. The abdominal fat distribution, including visceral fat area 
(VFA), was assessed by magnetic resonance imaging. Visceral obesity was defined as a VFA ≥ 80 cm2.

Results:  Serum OCN levels were inversely correlated with body fat parameters, while FGF23 and NGAL were posi-
tively correlated (P < 0.05). After adjusting for confounders, waist circumference (W) and VFA had a closer relationship 
with serum OCN, FGF23, and NGAL levels than body mass index (BMI) and body fat percentage (fat%, all P < 0.05). The 
risk of visceral obesity significantly increased with higher FGF23 and/or NGAL levels, as well as with reduced OCN lev-
els (all P < 0.05). In addition, serum OCN, FGF23, and NGAL levels were independently associated with visceral obesity 
(all P < 0.01). The relationships persisted among subjects with normal glucose tolerance or subjects with hyperglycae-
mia (both P < 0.05).

Conclusions:  Compared to the indicators of overall adiposity such as BMI or fat%, visceral adiposity indicators (W or 
VFA) were more closely related to serum OCN, FGF23 and NGAL levels. There was no interaction among the relation-
ship of three bone-derived factors with visceral obesity, which revealed the independent relationship of endocrine 
function of skeleton with body fat.

Keywords:  Osteocalcin, Fibroblast growth factor 23, Neutrophil gelatinase-associated lipocalin, Lipocalin-2, Fat 
distribution, Visceral fat area
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Introduction
Osteoblasts, comprising 5% of all bone cells, are respon-
sible for the subsequent replacement with new bone after 
removal of old or damaged bone. Furthermore, osteo-
blasts give rise to terminally differentiated osteocytes, 
the most abundant skeletal cell, which are embedded in 
the bone matrix [1]. Osteoblasts and osteocytes can syn-
thesize and secrete molecules, including growth factors, 
cytokines and chemokines to maintain the remodeling 
and architecture of bone. However, based on evidence 
that has accumulated in the past decade, biologically 
active factors which have endocrine function are also 
secreted by osteoblasts and osteocytes, including osteo-
calcin (OCN) and fibroblast growth factor (FGF) 23 [2, 
3]. Bone has recently been reported to be the predomi-
nant organ expressing lipocalin-2 (LCN-2), also referred 
to neutrophil gelatinase-associated lipocalin (NGAL), 
secreted by osteoblasts and with at least tenfold higher 
expression levels in bone than in adipose tissue [4]. Bone 
regulates several important physiological functions, such 
as mineral homeostasis, inflammatory response and 
energy metabolism, by releasing the aforementioned hor-
mones [5, 6].

Fat and bone are linked by several pathways. Bone was 
ever recognized ultimately to serve the function of pro-
viding a skeleton appropriate to the mass of adipose tis-
sue it is carrying. In addition to its structural role, bone 
has also been recognized as an endocrine organ for the 
hormonal modulation of energy homeostasis, in which 
bone-derived factors may play an important role [7]. As 
shown in animal studies, OCN is associated with obe-
sity by regulating systemic glucose and insulin resistance 
[2]. FGF23 regulates body fat content and distribution, 
in addition to its function in regulating mineral metabo-
lism [6, 8]. NGAL participates in glucose tolerance, insu-
lin sensitivity, and insulin secretion to maintain glucose 
homeostasis [4]. Studies in human subjects have also 
revealed correlations between the levels of these hor-
mones and obesity. Our previous studies reported sig-
nificant positive correlations between both serum FGF23 
and NGAL levels and obesity [9, 10], whereas serum 
OCN levels were significantly inversely correlated with 
obesity [11, 12].

However, researchers have not determined whether 
the relationships between the three bone-derived factors 
listed above with body fat content and distribution are 
independent of each other. As the risk of metabolic disor-
ders increases with age and gradually affects the adipose 
tissue, this study recruited middle-aged and elderly peo-
ple, and aimed to explore the associations between bone-
derived factors and the body adiposity index using an 
automatic bioelectrical impedance analyser to measure 
fat mass and magnetic resonance imaging to accurately 

quantify abdominal subcutaneous fat area (SFA) and vis-
ceral fat area (VFA).

Materials and methods
Subjects
The study enrolled middle-aged and elderly subjects 
from communities in Shanghai between October 2015 
and July 2016. Subjects were recruited mainly through 
promotional posters in local community health center 
or through the acquaintances of study participants. The 
collected data were derived from standardized ques-
tionnaires including information on current and previ-
ous illnesses and medications; physical examinations; 
biochemical measurements; body composition and 
abdominal fat distribution measurements. The follow-
ing inclusion criteria were used: subjects aged ≥ 45 years 
who voluntarily participated in the study and were able to 
provide the information required for the study. Subjects 
with a history of diabetes and/or hypoglycaemic therapy, 
cardiovascular disease, malignancy, hepatic or thyroid 
dysfunction, and an estimated glomerular filtration rate 
(eGFR) < 60  mL/min/1.73  m2 were excluded. Addition-
ally, subjects receiving steroid hormones or other treat-
ments that would likely affect bone metabolism, as well 
as subjects receiving any other medications, such as anti-
hypertensive therapy and lipid lowering therapy, were 
also excluded. Ultimately, 1179 eligible subjects with 
complete data were recruited for the study.

Biochemical measurements
Venous blood samples were collected after a 10-h over-
night fast. The following biochemical indices were 
measured: fasting plasma glucose (FPG), glycated hae-
moglobin A1c (HbA1c), fasting serum insulin, serum total 
cholesterol, triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), C-reactive protein (CRP), serum creatinine, 
serum calcium (Ca), OCN, FGF23 and NGAL levels. Sub-
jects also provided a 2-h plasma glucose (2hPG) blood 
sample following a 75-g oral glucose tolerance test. 
Standard laboratory measurements were performed 
using previously described methods [12]. The homeo-
stasis model assessment-insulin resistance (HOMA-IR) 
index was calculated using the formula HOMA-IR = FPG 
(mmol/L) × fasting serum insulin (mU/L)/22.5. The eGFR 
was calculated by the Chronic Kidney Disease Epidemiol-
ogy Collaboration formula [13].

Serum total OCN levels were determined using an 
electrochemiluminescence immunoassay (Roche Diag-
nostics GmbH), for which the intra-assay and inter-assay 
coefficients of variation were 1.2–4.0% and 1.7–6.5%, 
respectively [14]. Serum intact FGF23 levels were deter-
mined using a sandwich enzyme-linked immunosorbent 
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assay kit (Kainos kit, Kainos Laboratories, Inc., Tokyo, 
Japan), for which the intra-assay and inter-assay coeffi-
cients of variation were 5.6% and 8.2%, respectively [9]. 
Serum NGAL levels were determined using a standard 
enzyme-linked immunosorbent assay (Antibody and 
Immunoassay Services, University of Hong Kong, Hong 
Kong), for which the intra- and inter-assay coefficients of 
variation were 1.8% and 6.8%, respectively [10].

Body composition and visceral fat distribution 
measurements
Height, weight and waist circumference (W) were meas-
ured by previously standardized methods [12]. Body 
mass index (BMI) = weight (kg)/height2 (m2). According 
to the 1998 World Health Organization criteria, over-
weight/obesity was defined as a BMI ≥ 25.0  kg/m2 [15]. 
Body fat percentage (fat%) and total body fat mass (FM) 
were measured by a bioelectrical impedance analyser 
(TBF-418B; Tanita Corp., Tokyo, Japan). The visceral fat 
distribution, including VFA and SFA, was assessed using 
magnetic resonance imaging (Archiva 3.0 T; Philips Med-
ical Systems, Amsterdam, The Netherlands). Image qual-
ity was controlled by an experienced operator. Average 
values for the VFA and SFA were calculated using Image 
analysis software (slice-O-matic, version 4.2; Tomovi-
sion Inc., Montreal, Quebec, Canada) according to a pre-
viously described protocol [12]. A VFA of 80  cm2 was 
applied as the cut-off point for visceral obesity [16].

Covariates and subgroup
Blood pressure was measured using a standard-
ized method reported elsewhere [12]. Smoking was 
defined as the use of at least one cigarette per day 
for at least 6  months [12]. Menopausal status was 
defined as at least 12 continuous months of amenor-
rhea in the absence of other medical conditions. Dia-
betes was diagnosed when FPG ≥ 7.0  mmol/L and/or 
2hPG ≥ 11.1  mmol/L; impaired glucose regulation was 
diagnosed when 6.1  mmol/L ≤ FPG < 7.0  mmol/L and/
or 7.8 mmol/L ≤ 2hPG < 11.1 mmol/L [17]. Subjects with 
diabetes and individuals with impaired glucose tolerance 
were classified as the hyperglycaemia group.

Statistical analyses
All statistical analyses were performed using SPSS for 
Windows software (ver. 20.0; SPSS Inc., Chicago, IL, 
USA). The normality of the data distribution was deter-
mined by the one-sample Kolmogorov–Smirnov test. 
After a normality test, data with a normal distribution 
are presented as the mean ± standard deviation, while 
data with a skewed distribution are presented as medi-
ans with interquartile ranges. Categorical variables are 
reported as numbers with percentages. For continuous 

data, inter-group comparisons were performed by an 
independent sample t-test (normal distribution) or the 
Mann–Whitney U-test (skewed distribution); the Chi 
squared test was applied to categorical variables. A par-
tial correlation analysis was conducted to determine the 
correlations between serum OCN, FGF23 and NGAL 
levels with body fat parameters. The independent corre-
lations between overall and visceral adiposity with serum 
OCN, FGF23 and NGAL levels were investigated using 
multivariate linear regression analyses and are reported 
as differences in the levels of the three bone-derived fac-
tors with 95% confidence intervals. Serum OCN, FGF23, 
NGAL levels and adiposity parameters were standard-
ized to a mean of zero and standard deviation of 1 (based 
on the study sample distribution) before performing the 
analysis. A logistic regression analysis was performed 
to examine the relationship between visceral obesity 
and the three standardized bone-derived factors. Mod-
els were adjusted for age, gender, menopausal status (in 
women), smoking status, SBP, DBP, HbA1c, HOMA-IR, 
TG, HDL-C, LDL-C, CRP, Ca, and eGFR. All reported P 
values were two-tailed, and P < 0.05 was considered sta-
tistically significant.

Results
Characteristics of the study participants
The study enrolled 1179 subjects with a mean age of 
59.5 ± 6.2  years and included 465 men and 714 women. 

Table 1  Clinical Characteristics of the study subjects

BMI, body mass index; W, waist circumference; FM, fat mass; Fat%, fat 
percentage; SFA, subcutaneous fat area; VFA, visceral fat area; FPG, fasting 
plasma glucose; 2hPG, 2-h plasma glucose; OCN, osteocalcin; FGF23, fibroblast 
growth factor 23; NGAL, neutrophil gelatinase-associated lipocalin

Variables Men/Women 
(n = 465/714)

Age (years) 59.5 ± 6.2

BMI (kg/m2) 23.8 ± 3.0

W (cm) 83.0 (77.0–89.0)

FM (kg) 17.4 (13.9–21.5)

Fat% 28.2 (22.7–33.9)

SFA (cm2) 168.1 (130.5–218.4)

VFA (cm2) 78.2 (54.8–105.7)

FPG (mmol/L) 5.7 (5.4–6.1)

2hPG (mmol/L) 7.1 (5.8–8.6)

OCN (ng/mL) 19.8 (15.9–24.8)

FGF23 (pg/mL) 34.6 (28.3–41.7)

NGAL (ng/mL) 45.0 (31.4–61.8)

Smoking, n (%) 241 (20.4)

Overweight/obesity, n (%) 327 (27.7)

Visceral obesity, n (%) 564 (47.8)

Hyperglycaemia, n (%) 546 (46.3)
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The clinical characteristics of the subjects are shown in 
Table  1. Among the total population, serum OCN lev-
els were 19.8 (15.9–24.8) ng/mL, serum FGF23 levels 
were 34.6 (28.3–41.7)  pg/mL, and serum NGAL lev-
els were 45.0 (31.4–61.8) ng/mL. The mean BMI was 
23.8 ± 3.0  kg/m2. The proportion of subjects with over-
weight/obesity was 27.7%. Subjects with overweight/
obesity had significantly lower serum osteocalcin levels 
and higher serum FGF23 levels than subjects without 
these conditions (P < 0.001). Serum NGAL levels showed 
an elevated trend in subjects with overweight/obesity 
(P = 0.085, presented in Additional files 1, 2). The median 
(interquartile range) VFA was 78.2 (54.8–105.7) cm2. The 
proportion of subjects with visceral obesity was 47.8%. 
Significantly lower serum OCN levels were observed in 
subjects with visceral obesity compared with subjects 
without this phenotype [18.3 (14.9–22.5) ng/mL versus 
21.2 (16.8–26.1) ng/mL, P < 0.01], while serum FGF23 
and NGAL levels were significantly elevated in subjects 
with visceral obesity [33.3 (26.7–40.0) pg/mL versus 36.3 
(29.3–44.2) pg/mL, P < 0.01; 41.1 (29.6–55.9) ng/mL ver-
sus 50.0 (35.4–66.9) ng/mL, P < 0.01, respectively].

Body fat parameters affecting the levels of bone‑derived 
factors
According to the partial correlation analysis adjusted for 
age, gender, and menopausal status, serum OCN levels 
were negatively correlated with BMI, W, FM, fat%, and 
SFA (P < 0.01), and, in particular, were significantly cor-
related with VFA (r = − 0.185, P < 0.01). Serum FGF23 
levels were positively correlated with BMI, W, FM, fat%, 
and SFA (P < 0.01), as well as VFA (r = 0.148, P < 0.01). 
Additionally, serum NGAL levels were positively cor-
related with W, FM, fat% (P < 0.05), and particularly 
VFA (r = 0.182, P < 0.01). Serum OCN levels were nega-
tively correlated with serum NGAL levels (r = − 0.077, 
P = 0.009). Neither serum OCN levels nor serum 
NGAL levels were correlated with serum FGF23 levels 
(r = − 0.041, P = 0.159; r = − 0.041, P = 0.163, respec-
tively, see Table 2).

To explore the relationship between body fat param-
eters and serum OCN, FGF23 and NGAL levels, we per-
formed a multivariate regression analysis in which the 
three bone-derived factors were used as the dependent 
variables and overall and abdominal adiposity indica-
tors were used as independent variables. In model 1, 
W, but not BMI, was negatively correlated with serum 
OCN levels after adjusting for confounding variables 
(standardized β = − 0.111, P = 0.042). Neither BMI nor 
W exhibited a statistically significant correlation with 
serum FGF23 levels (both P > 0.05). Serum NGAL levels 
were independently and positively correlated with W, 
not BMI (standardized β = 0.162, P = 0.004). In model 2, 

fat%, SFA and VFA were the independent variables. After 
adjustment, serum OCN levels were negatively corre-
lated with VFA except for fat% (standardized β = − 0.090, 
P = 0.021). In addition, significant positive correlations 
between VFA and serum FGF23 and NGAL levels were 
observed (standardized β = 0.089, P = 0.035; standard-
ized β = 0.238, P < 0.001, respectively); however, the 
correlations with fat% and SFA did not reach statistical 
significance (Fig. 1).

Association of bone‑derived factors with visceral obesity
Subjects were divided into four groups according to the 
quartiles of each bone-derived factor to investigate the 
association of serum OCN, FGF23, and NGAL levels with 
VFA. As shown in Fig. 2, using the risk of visceral obesity 
in the highest quartile of OCN levels + the lowest quar-
tile of FGF23 levels as a reference, the risk was increased 
2.01- to 9.24-fold among subjects with decreased OCN 
levels and higher FGF23 levels (P < 0.05). Even in the 
highest quartile of OCN levels, the odds ratios (OR) 
for visceral obesity tended to increase as FGF23 levels 
increased (P for trend = 0.051); conversely, in the low-
est quartile of FGF23 levels, the OR for visceral obesity 
increased as OCN levels decreased (P for trend < 0.001). 
In addition, using the risk of visceral obesity in the high-
est quartile of OCN levels + the lowest quartile of NGAL 
levels as a reference, subjects with decreased OCN levels 
and higher NGAL levels experienced a 2.05- to 7.67-fold 
risk of visceral obesity (P < 0.05). In the highest quartile 
of OCN levels, higher NGAL levels accompanied an 
increased OR for visceral obesity (P for trend = 0.015); in 
the lowest quartile of NGAL levels, the OR for visceral 
obesity also increased as the OCN levels decreased (P for 
trend = 0.007). Correspondingly, when we used the risk 
of visceral obesity in the lowest quartiles of both FGF23 
and NGAL levels as a reference, the risk of visceral 

Table 2  Partial correlations of  serum OCN, FGF23 
and serum NGAL levels with body fat parameters

OCN, osteocalcin; FGF23, fibroblast growth factor 23; NGAL, neutrophil 
gelatinase-associated lipocalin; BMI, body mass index; W, waist circumference; 
FM, fat mass; Fat%, fat percentage; SFA, subcutaneous fat area; VFA, visceral fat 
area

Partial correlation analysis adjusted age, gender and menopausal status (in 
women). * P < 0.05, ** P < 0.01

Variables OCN FGF23 NGAL

BMI − 0.176** 0.125** 0.049

W − 0.187** 0.133** 0.094**

FM − 0.189** 0.152** 0.075*

Fat% − 0.184** 0.142** 0.064*

SFA − 0.112** 0.106** 0.027

VFA − 0.185** 0.148** 0.182**
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obesity was increased 2.21- to 5.85-fold with an increase 
in FGF23 levels and NGAL levels (P < 0.05). Additionally, 
the OR for visceral obesity increased with either higher 
FGF23 levels or higher NGAL levels in lowest quartile of 
the opposite bone-derived factor (P for trend = 0.010 and 
P for trend = 0.009, respectively).

Setting the presence of visceral obesity as the depend-
ent variable, the logistic regression analysis suggested 
that serum OCN levels were negatively correlated with 

visceral obesity, whereas both serum FGF23 and NGAL 
levels were positively correlated (P < 0.001). These rela-
tionships remained significant, even in the multivariate 
model (P < 0.01). When serum OCN, FGF23 and NGAL 
levels were included in the multivariate model simulta-
neously, all of them were independently associated with 
visceral obesity (OCN: OR = 0.743, P < 0.001; FGF23: 
OR = 1.335, P < 0.001; NGAL: OR = 1.291, P = 0.001). 
Moreover, there was no interaction of serum OCN, 

Fig. 1  Adjusted associations of standardized adiposity measure with serum OCN, FGF23, and NGAL levels. Results were based on linear regression 
analyses, and expressed as standardized β in each bone-derived secretory factor (with 95% confidence interval) per standard deviation of adiposity 
measure. Adjustment was for age, gender, menopausal status (in women), smoking, SBP, DBP, HbA1c, HOMA-IR, TG, HDL-C, LDL-C, CRP, Ca, and eGFR
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FGF23 and NGAL levels in relation to visceral obesity 
(P > 0.05, see Table 3).

Subgroup analyses
To examine the robustness of our findings, we further 
conducted stratified analyses to determine the cor-
relations between serum OCN, FGF23 and NGAL 
levels with the risk of visceral obesity in subgroups. 
Among subjects with normal glucose tolerance, the 
levels of the three bone-derived factors were associ-
ated with visceral obesity in the multivariate analysis 
after adjustment (P < 0.05). The independent relation-
ships remained when the three bone-derived factors 
were included in the model simultaneously (OCN: 
OR = 0.747, P = 0.016; FGF23: OR = 1.269, P = 0.022; 

NGAL: OR = 1.257, P = 0.037). Additionally, the rela-
tionships between serum OCN, FGF23 and NGAL lev-
els with visceral obesity still persisted among subjects 
with hyperglycaemia (P < 0.05, see Table 3).

Discussion
As shown in the present study, the levels of the three 
bone-derived factors (OCN, FGF23, and NGAL) were 
all associated with visceral obesity; moreover, the rela-
tionships were independent of each other. The finding 
was further confirmed in the subgroup analyses sepa-
rated by hyperglycaemia, because of the evidence that 
visceral  fat was independently associated with hyper-
glycaemia regardless of obesity status [18].

Fig. 2  Odds ratios for visceral obesity (VFA ≥ 80 cm2) according to the quartiles of serum OCN and FGF23 levels (a), serum OCN and NGAL levels 
(b), serum FGF23 and NGAL levels (c). *P < 0.05
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Relationship of OCN, FGF23, NGAL with visceral adiposity
Recently, concepts have arisen from the finding that 
bone is an important endocrine organ. The roles of 
serum OCN and FGF23 levels in regulating energy 
metabolism have led to new insights into the physi-
ological functions of bone [8, 19, 20]. Maddaloni et al. 
suggested that circulating OCN + monocytes could be 
a marker for vascular disease  in diabetic patients [21]. 
Our previous studies found that a decreasing trend in 
serum OCN levels accompanied an increase in VFA, 
and VFA was inversely correlated with serum OCN 
levels [11, 12]. Serum FGF23 levels were independently 
and positively correlated with the presence of lowerex-
tremity atherosclerotic disease among Chinese patients 
with type  2  diabetes mellitus [22]. In addition, serum 
FGF23 levels were elevated in obese individuals, espe-
cially those with visceral obesity, and this relation-
ship was not affected by hyperglycaemia [9]. We also 
confirmed that individuals with obesity had elevated 
serum NGAL levels; furthermore, serum NGAL levels 
were significantly positively correlated with VFA [10]. 
Similarly, Wang et al. observed significantly higher cir-
culating NGAL levels in obese people than non-obese 
people in a Hong Kong population. Moreover, elevated 
NGAL levels in serum and plaques were associated 
with type  2  diabetes mellitus in patients with carotid 
artery stenosis [23]. Based on these findings, circulating 

NGAL levels were associated with metabolic diseases, 
including obesity [24–26].

Consistent with the aforementioned results, serum 
OCN levels were negatively correlated with adiposity 
indicators, while serum FGF23 and NGAL levels were 
both positively correlated with these indicators in the 
present study. Moreover, compared with overall adipos-
ity, including BMI and fat%, the levels of the three bone-
derived factors were more closely related to visceral 
adiposity, such as W and VFA, particularly the accurate 
parameter VFA.

OCN, FGF23, NGAL in regulation of obesity
In accordance with the findings from human studies, 
basic research has also confirmed the protective effect of 
OCN on obesity. Mice lacking OCN exhibit significantly 
increased adiposity and tend to be obese [2]. Wild-type 
mice implanted with pumps that continuously deliver 
osteocalcin exhibit decreased body fat mass [27]. The 
protective role of OCN in mice is possibly mediated by 
an induction of adiponectin expression and improve-
ments in insulin sensitivity, which was supported by 
evidence that osteocalcin improved insulin sensitiv-
ity through its division of adipocytes to increase adi-
ponectin production, therefore, presence of osteocalcin 
highly favors activity of adiponectin [28]; in addition, 
osteocalcin improved insulin resistance by decreasing 

Table 3  Association of per 1.0 SD increase in serum OCN, FGF23 and NGAL levels with visceral obesity (VFA ≥ 80 cm2)

Adjustment was for age, gender, menopausal status (in women), smoking, SBP, DBP, HbA1c, HOMA-IR, TG, HDL-C, LDL-C, CRP, Ca, and eGFR. For the individual 
models, each bone-derived secretory factor was analyzed separately; for the combined model, serum OCN, FGF23, and NGAL levels were included in the model 
simultaneously

SD, standard deviation; OCN, osteocalcin; FGF23, fibroblast growth factor 23; NGAL, neutrophil gelatinase-associated lipocalin; VFA, visceral fat area; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin A1c; HOMA-IR, homeostasis model assessment-insulin resistance index; TG, triglyceride; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; Ca, calcium; eGFR, estimated glomerular filtration rate

Variable Individual models Combined model, adjusted

Unadjusted Adjusted

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Total (n = 1179)

OCN 0.647 (0.570–0.734) < 0.001 0.727 (0.621–0.852) < 0.001 0.743 (0.632–0.872) < 0.001

FGF23 1.367 (1.212–1.541) < 0.001 1.326 (1.143–1.538) < 0.001 1.335 (1.149–1.552) < 0.001

NGAL 1.471 (1.299–1.667) < 0.001 1.291 (1.112–1.500) 0.001 1.291 (1.110–1.503) 0.001

Normal glucose tolerance (n = 633)

OCN 0.659 (0.551–0.788) < 0.001 0.745 (0.589–0.942) 0.014 0.747 (0.589–0.947) 0.016

FGF23 1.290 (1.103–1.507) 0.001 1.263 (1.033–1.545) 0.023 1.269 (1.036–1.555) 0.022

NGAL 1.487 (1.245–1.776) < 0.001 1.253 (1.011–1.553) 0.040 1.257 (1.013–1.559) 0.037

Hyperglycaemia (n = 546)

OCN 0.654 (0.545–0.785) < 0.001 0.724 (0.579–0.905) 0.005 0.760 (0.605–0.955) 0.019

FGF23 1.545 (1.271–1.879) < 0.001 1.383 (1.095–1.746) 0.006 1.383 (1.093–1.750) 0.007

NGAL 1.443 (1.205–1.728) < 0.001 1.321 (1.065–1.639) 0.011 1.304 (1.045–1.628) 0.019
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inflammation, and increasing insulin signaling and the 
expression of Slc2a4/GLUT4 in white adipose tissue [29]. 
In the present study, serum OCN levels were observed 
to be negatively correlated with visceral adiposity in sub-
jects with normal glucose tolerance, suggesting that the 
correlations were not interfered with hyperglycaemia.

In the study by Streicher et  al., mice in which FGF23 
was ablated displayed reduced body weight and fat con-
tents compared with wild type mice [8]. Adipokines 
directly stimulate FGF23 expression in bone, suggesting 
a feedback effect of adipose tissue on serum FGF23 lev-
els [30]. However, the finding that elevated serum FGF23 
levels were more closely related with visceral obesity 
remains to be further explored.

Recent studies have revealed that LCN-2 crosses the 
blood–brain barrier and suppresses appetite by bind-
ing to the melanocortin 4 receptor in the hypothalamus 
[4]. However, a significant increase in circulating LCN-2 
levels was observed in obese mice compared to lean 
mice [31]. Human studies revealed that subjects with 
obesity had higher levels of circulating NGAL, consist-
ent with our findings. Serum NGAL levels in high satu-
rated fat consumers were significantly higher than those 
in low saturated fat consumers, even after adjusting for 
confounding factors [32]; in addition, an acute increase 
in circulating NGAL after fat overload was found in 
obese subjects [33]. Although the underlying mechanism 
for the positive correlation between NGAL and obesity 
remains unclear, a compensatory mechanism may be an 
explanation.

Interaction between OCN, FGF23, NGAL and visceral 
adiposity
Although the crosstalk between bone and adipose tis-
sue has gradually received increasing attention from 
researchers, no studies have been published focusing 
on whether the relationships of these factors with obe-
sity are independent of each other. Strength of this study 
was that we identified independent relationship between 
serum OCN, FGF23 and NGAL levels with visceral obe-
sity in a Chinese community-based population. The 
stratified analyses in OCN, FGF23 and NGAL revealed 
that within the same levels of one bone-derived factor, 
the risk of visceral obesity showed an increasing trend 
across the quartiles of the other two factors, respectively. 
Moreover,  there was no interaction among the relation-
ship between three bone-derived factors and visceral 
adiposity. According to these findings, we proposed that 
serum OCN, FGF23 and NGAL levels probably regu-
lated energy metabolism through different pathways. In 
obese patients, more attention should be paid to their 
serum concentrations of bone-derived factors, which are 

expected to provide new insight into targets for thera-
peutic intervention of obesity.

We acknowledge that our study has several limitations. 
This study was unable to clarify the causal relationships 
between serum OCN, FGF23, and NGAL levels with 
body fat parameters, particularly with VFA. Therefore, 
the relevant effects of serum OCN, FGF23 and NGAL 
levels on obesity must be further confirmed in large-scale 
prospective studies and mechanistic studies. We meas-
ured only serum total OCN due to the lack of an auto-
mated assay to determine its under-carboxylated form, 
though they were closely related. In addition, bone min-
eral density was not assessed in this study, which could 
be included in the adjustment in future studies.

Conclusions
In conclusion, serum OCN levels were inversely corre-
lated with body fat parameters, while serum FGF23 and 
NGAL levels were positively correlated. Compared with 
overall adiposity, visceral adiposity had closer relation-
ships with the levels of the three bone-derived factors. 
The relationships between the levels of the three factors 
and visceral obesity were independent of each other, sug-
gesting that hormones secreted by bone probably par-
ticipate in the regulation of energy metabolism through 
different pathways.
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