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Introduction. The interaction between diabetes, obesity, and bone metabolism was drawing increasing public attention. However,
the osteometabolic changes in diabetes mellitus type 2 (T2DM) patients with abdominal obesity have not been fully revealed. This
study is aimed at investigating the association between abdominal obesity indices and bone turnover markers among T2DM
participants. Methods. 4351 subjects were involved in the METAL study. Abdominal obesity indices included neck, waist, and
hip circumference, visceral adiposity index (VAI), lipid accumulation product (LAP), waist-to-hip ratio (WHR), and Chinese
visceral adiposity index (CVAI). They were applied to elucidate the nexus between β-C-terminal telopeptide (β-CTX),
osteocalcin (OC), and intact N-terminal propeptide of type I collagen (P1NP). Results. Abdominal obesity indices were
strongly negatively associated with β-CTX and OC. Among males, five indices were negatively correlated with β-CTX (BMI,
WC, LAP, WHR, and CVAI) and OC (BMI, NC, WC, WHR, and CVAI). There were no significant associations with P1NP.
Among females, all eight indices were negatively associated with β-CTX. Seven indices were negatively related to OC (BMI,
NC, WC, HC, LAP, WHR, and CVAI). The VAI was negatively correlated with P1NP. Conclusions. The present study
demonstrated that in T2DM, abdominal obesity had an obviously negative correlation with bone metabolism. Abdominal
obesity indices were significantly negatively associated with skeletal destruction (β-CTX) and formation (OC). In routine
clinical practice, these easily obtained indices could be used as a preliminary screening method and relevant factors for
osteodysfunction incidence risk at no additional cost and may be of particular value for postmenopausal women in T2DM
populations.

1. Introduction

Diabetes mellitus type 2 (T2DM), obesity, and osteoporosis
were reaching epidemic proportions worldwide. They have
been identified as public health issues with increased mortal-
ity due to their high prevalence and severe metabolic com-
plications [1].

The effect of obesity on osteoporosis remained controver-
sial [2, 3]. The majority of studies have suggested that obesity
had a protective effect against excessive bone loss with aging
[4, 5] which may be due to material stimulation during bone
formation [6, 7] and the physical protection provided by the

adipose tissue, thus preventing accidental fall-induced fractures
[4, 8]. In contrast to the studies mentioned above, others have
reported a negative impact of obesity on skeletal health
[9–11]. Physical inactivity, nutritional imbalance [12, 13], and
genetic disorders were common risk factors for the pathological
physiology of obesity and osteoporosis [14]. In a cross-sectional
study involving 1434 women older than 45 years, for instance, a
significantly negative association between bonemineral density
(BMD) and waist circumference (WC) was found [11].

However, pathogenic fat depots, notably in the abdomen,
have been hypothesized to contribute more to bone disability
[15–17]. A recent study on more than 650000 adults showed
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that a rise in WC led to an obvious and rapid increase in frac-
ture risk, independent of the body mass index (BMI) level
(three groups: normal, overweight, and obese) [18]. Another
multicenter, observational study called the “Osteoarthritis Ini-
tiative,” which included 2210 participants aged 67.1-69 years,
found a relationship between visceral obesity and skeletal joint
functional incapacity in people with normal BMI [19, 20].

However, the interaction between T2DM and bone metab-
olism was complex, and it is unclear whether hyperglycemia
increased or decreased BMD [3]. One study described the dif-
ferences in the blood glucose levels among osteoporosis, low
BMD, and normal BMD [21]. Furthermore, an investigation
in 30252 nondiabetic women aged ≥40 years showed that an
index of abdominal fat measured by spine dual-energy X-ray
absorptiometry (DXA) scans performed for osteoporosis risk
assessment could predict diabetes risk [22]. However, a meta-
analysis results also showed that abnormal glucose regulation
was not significantly correlated with bone metabolism [23].

Due to the hysteresis of BMD detection, the development
and course of osteodysfunction over time cannot be predicted.
Currently, circulating bone turnover markers (BTMs) were
widely detected to evaluate changes in bone formation and
resorption, estimate the therapeutic effect on osteoporosis,
and forecast the processes of bone metabolic abnormalities
[24–26]. International consensus guidelines recommend the
assessment of three BTMs: β-C-terminal cross-linking telo-
peptide of type I collagen (β-CTX) (released by osteoclasts
during bone resorption), osteocalcin (OC), and procollagen
type 1 N-terminal propeptide (P1NP) (produced by osteo-
blasts during bone formation) [27, 28].

The aim of this study was to investigate the relationship
between abdominal obesity and the three BTMs among Chi-
nese people with T2DM based on a large community-sourced
sample.

2. Methods

2.1. Study Design and Participants. The subjects enrolled in
our research were a subset from a population-based study,
named the METAL study (Environmental Pollutant Expo-
sure and Metabolic Diseases in Shanghai) [29, 30]. The pro-
gram is aimed at revealing the complications of metabolic
diseases and relevant factors among seven communities in
Shanghai, China, from May to August 2018 (Trial registra-
tion ChiCTR1800017573, http://www.chictr.org.cn). The
study design was described specifically elsewhere [24, 31].

After being informed about the details of the study, partic-
ipants gave their written consent for involvement. Initially,
5827 volunteers (18-99 years old) who had lived in their cur-
rent residence for ≥6 months were included, and those who
had an acute illness and severe communication problems were
excluded. Subjects missing questionnaire data (n = 90) or
without dysglycemia (n = 795) were then excluded. The bone
metabolism of premenopausal women (n = 388) was complex,
and we eliminated their data to ensure that the results were
accurate. A woman was considered postmenopausal if she
confirmed menopause on the questionnaire or was >60 years
old or >55 years old with follicle − stimulating hormone ≥ 25
IU/L. Participants who were missing waist, neck, or hip cir-
cumference measurements (n = 147), β-CTX or P1NP data
(n = 41), or other biochemical criteria (n = 15) were excluded.
In total, 4351 participants were involved in the final analysis
(Figure 1).

2.2. Data Collection. The data collection was carried out by
experienced staff who had been involved in the Survey on
Prevalence in East China for Metabolic Diseases and Risk Fac-
tors (SPECT-China) [32]. All personnel underwent an initial
certification process on the procedures and specifications of

Total volunteers
(n = 5827)

Data available subjects
(n = 4554)

Final study participants
(n = 4351)

Exclusion:
Missing WC, NC or HC
measurements (n = 147)
Missing 𝛽-CTX, P1NP data (n = 41)
Missing other biochemical criterion
[C-peptide, insulin, HbA1c, TG, VitD] (n = 15)

Exclusion:
Missing questionnaire data (n = 90)
Premenopausal women (n = 388)
Subjects without dysglycemia (n = 795)

Figure 1: Flow chart of study participant selection (inclusion and exclusion).
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this project. Information on demographic characteristics,
main complaints, previous personal and family medical his-
tory, and risk elements in daily life was accessed by a well-
designed questionnaire.

2.3. Diagnostic Criteria. T2DM was determined using a previ-
ous diagnosis made by a healthcare professional, an FPG
level ≥ 7:0mmol/L or s, in accordance with the criteria of the
American Diabetes Association. Hypertension was defined as
systolic blood pressure ≥ 140mmHg, diastolic blood pressure
≥ 90mmHg, or a previous diagnosis of hypertension by a
healthcare professional. Current smoking was defined as hav-

ing smoked at least 100 cigarettes over a lifetime and still
smoking at present [33].

2.4. Biochemical Measurements.We followed the methods of
Guo et al. in 2020 [24, 31]. Venous blood was collected from
the subjects between 6:00 and 10:00 a.m. after fasting since
22:00 p.m. the day before. The serum samples were aliquoted
and frozen at -20°C and then sent to a central laboratory
within 2-4 hours.

β-CTX, OC, and P1NP were detected with a chemilumi-
nescence assay (Roche E602, Switzerland). The interassay
coefficients of variation were as follows: 7.60% (β-CTX),
1.81% (OC), and 3.30% (P1NP). Total cholesterol (TC),

Anthropo
metrics

The subject rested quietly for 5 minutes,
then took a sitting position and exposed
the upper arm which was in the same
horizontal level with heart.

Blood
Pressure

Height
& Weight

After taking off shoes, the subject was
upright, with both eyes looking straight
ahead, both arms hanging down naturally
on both sides, feet 25-30 cm apart.

Neck
Circumference

The measurer placed the soft tape
horizontally behind the seventh cervical
vertebra and surrounded it below the
Adam’s apple.

Waist
Circumference

The soft tape was placed at midpoint of
the line between the lower edge of the rib
arch and the upper edge of the iliac crest
and went around the abdomen.

Hip
Circumference

When measuring, the soft tape was 
placed horizontally on the front of the pubic
symphysis and the most convex part of
the gluteus maximus.

Figure 2: Standard anthropometric measurement methods.

Males

Females

BMI
WHR

Weight (kg)/Height2 (m2)
WC (cm)/HC (cm)

VAI WC (cm)/[39.68 + 1.88 × BMI (kg/m2)]
× [TG (mmol/L)/1.03] × [1.31/HDL (mmol/L)]

LAP [WC (cm) − 65] × TG (mmol/L)

CVAI − 267.93 + 0.68 × age (year) + 0.03 × BMI (kg/m2)
+ 4.00 × WC (cm) + 22.00 × Lg TG (mmol/L)
− 16.32 × HDL (mmol/L)

VAI WC (cm)/[36.58 + 1.89 × BMI (g/m2)]
× [TG (mmol/L)/0.81] × [1.52/HDL (mmol/L)]

LAP [WC (cm) − 58] × TG (mmol/L)

CVAI − 187.32 + 1.71 × age (year) + 4.32 × BMI (kg/m2)
+ 1.12 × WC (cm) + 39.76 × Lg TG (mmol/L)
− 11.66 × HDL (mmol/L)

Figure 3: Calculation formulas of the abdominal obesity index for males and females.
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triglycerides (TG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), fast plasma glucose (FPG), and
glycated hemoglobin (HbA1c) were measured with a Beck-
man Coulter AU680 (Brea, USA). Glucagon was detected
with a radioimmunoassay (SN-6105, China). Serum C-
peptide was assessed by an immunoassay (ARCHITECT
i2000SR, Abbott Laboratories, Chicago, IL, USA). Insulin
was detected by a chemiluminescence device (Abbott
ARCHITECT i2000SR, Chicago, USA). Vitamin D (Vit D)
was detected using a chemiluminescence assay (ADVIA
Centaur XP, Siemens, Germany).

2.5. Anthropometric Measurements. When the serum sam-
ples were collected, anthropometric measurements were also
obtained. Participants wore light indoor clothing. All col-
lected parameters were accurate to 0.1 cm/0.1 kg, including
blood pressure, height and weight, neck circumference
(NC), WC, and hip circumference (HC) (Figure 2).

2.6. Obesity Indices. BMI is widely used as an indicator of
weight grouping. In accordance with the Cooperative Meta-
Analysis Group of the Working Group on Obesity in China
criteria, a BMI < 24 kg/m2 was considered normal, while a
BMI ≥ 24 kg/m2 was defined as overweight/obesity [34]. In
addition, many indicators are currently used clinically to
assess the progression of abdominal obesity, such as waist-
to-hip ratio (WHR), visceral adiposity index (VAI), lipid
accumulation product (LAP), and Chinese visceral adiposity
index (CVAI) [35–38]. Due to differences in the calculation
formulas between males and females (Figure 3), the two
sexes were also divided into separate groups to perform a
rigorous discussion.

2.7. Statistical Analysis. The results were processed using IBM
SPSS Statistics, Version 25 (IBM Corporation, Armonk, NY,
USA). Significance was declared at a two-sided 0.05 level, unless
otherwise specified. Continuous variables were expressed as the
mean ± standard deviation ðSDÞ, and categorical variables were
presented as percentages (%). The Mann–Whitney test and the
chi-square test were used to assess the general characteristics of
all male and female participants. For the association between
the abdominal obesity indices and BTMs, the model was
adjusted for age, TC, TG, HDL, LDL, FPG, HbA1c, glucagon,
C-peptide, insulin, Vit D, current smoking, and hypertension.
Multiple linear regression coefficients were determined to build
a statistical model. In the analyses, the concentrations of the
BTMs were naturally logarithmically transformed to follow an
approximately normal distribution. To further reveal the rela-
tionship between abdominal obesity indicators concentration
with BTM level, the P for trend was calculated by modeling
the quartiles, coded as 1, 2, 3, and 4, as a continuous variable.
Data are presented as β coefficients and 95% confidence inter-
vals (CIs). The model was adjusted for the same correlative fac-
tors listed above.

3. Results

3.1. General Characteristics of All Male and Female
Participants. Overall, 2004 males and 2347 females with dia-
betes were involved in the analyses. The baseline character-

istics of all participants were displayed in Table 1. The
average age was 67:64 ± 8:73 years for males and 67:15 ±
8:62 years for females. Between the two groups, there were
significant differences in the abdominal obesity indices
(NC, WC, HC, VAI, LAP, WHR, and CVAI) and the three
BTMs (β-CTX, OC, and P1NP). Likewise, there were signif-
icant differences in the adjustment factors, such as TC, HDL,
LDL, HbA1c, glucagon, Vit D, and smoking habits.

3.2. Association of Abdominal Obesity Indices with BTMs in
T2DM Patients. The associations between the abdominal
obesity indices and BTMs in T2DM populations were pre-
sented in Table 2. The model was adjusted for age, TC,

Table 1: General characteristics of all male and female participants.

Characteristics Male Female P

Subjects 2004 2347 /

Age, years 67:64 ± 8:73 67:15 ± 8:62 0.061

BMI (kg/m2) 24:99 ± 3:30 24:91 ± 3:84 0.430

NC (cm) 39:81 ± 3:12 36:06 ± 3:00 <0.001
WC (cm) 92:37 ± 9:01 88:54 ± 9:97 <0.001
HC (cm) 99:74 ± 6:86 97:89 ± 8:60 <0.001
VAI 2:60 ± 3:82 3:41 ± 3:83 <0.001
LAP 53:67 ± 59:11 61:12 ± 54:07 <0.001
WHR 0:93 ± 0:06 0:90 ± 0:07 <0.001
CVAI 134:40 ± 40:15 127:98 ± 34:32 <0.001
β-CTX (ng/mL) 0:19 ± 0:10 0:23 ± 0:11 <0.001
OC (ng/mL) 10:20 ± 4:91 13:02 ± 6:14 <0.001
P1NP (ng/mL) 38:46 ± 20:90 47:80 ± 20:10 <0.001
TC (mmol/L) 4:81 ± 1:10 5:34 ± 1:22 <0.001
TG (mmol/L) 1:87 ± 1:76 1:94 ± 1:49 0.145

HDL (mmol/L) 1:11 ± 0:25 1:29 ± 0:30 <0.001
LDL (mmol/L) 3:00 ± 0:79 3:27 ± 0:88 <0.001
FPG (mmol/L) 7:87 ± 2:40 7:75 ± 2:53 0.118

HbA1c, % 7:60 ± 1:43 7:42 ± 1:38 <0.001
Glucagon (pg/mL) 162:70 ± 82:40 178:73 ± 98:68 <0.001
C-peptide (ng/mL) 1:62 ± 0:84 1:67 ± 0:86 0.051

Insulin (pmol/L) 75:10 ± 135:24 83:11 ± 139:29 0.055

VitD (nmol/L) 42:62 ± 14:70 39:36 ± 13:67 <0.001
Smoking, % 36 2 <0.001
Hypertension, % 60 62 0.128

Continuous variables were expressed as mean ± standard deviation ðSDÞ.
Categorical variables were presented as percentages (%). The Mann–
Whitney test and the chi-square test were used. Abbreviations: BMI: body
mass index; NC: neck circumference; WC: waist circumference; HC: hip
circumference; VAI: visceral adiposity index; LAP: lipid accumulation
product; WHR: waist to hip ratio; CVAI: Chinese visceral adiposity index;
β-CTX: β-C-terminal cross-linking telopeptide of type I collagen; OC:
osteocalcin; P1NP: procollagen type 1 N-terminal propeptide; TC: total
cholesterol; TG: triglycerides; HDL: high-density lipoprotein; LDL: low-
density lipoprotein; FPG: fast plasma glucose; HbA1c: glycated
hemoglobin; VitD: Vitamin D.
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TG, HDL, LDL, FPG, HbA1c, glucagon, C-peptide, insulin,
Vit D, current smoking, and hypertension. In the multiple
linear regression analyses, the abdominal obesity indices
yielded a strongly significantly negative association of β-
CTX and OC in the two groups, indicating a suppression
effect on bone metabolism.

Among males, the results revealed five negative correla-
tive factors with β-CTX (BMI, WC, LAP, WHR, and CVAI).
Five indices were also negatively associated with OC (BMI,
NC, WC, WHR, and CVAI). There were no significant asso-
ciations between the abdominal obesity indices and P1NP.
Among females, all eight indices were negatively associated
with β-CTX. Seven indices had negative relationships with
OC (BMI, NC, WC, HC, LAP, WHR, and CVAI). The
VAI was also negatively correlated with P1NP.

3.3. P for Trend of Abdominal Obesity Index Concentrations
with BTM Quartile Change. Table 3 further summarized the
relationship between the abdominal obesity indices and the
three BTMs. As the β-CTX and OC quartiles increased,
T2DMpatients weremore likely to have a lower concentration
of all eight indices, both in the male and female groups. As
P1NP increased, only the VAI of the female group decreased.

4. Discussion

Through the epidemiological investigation of a large sample
of people in East China, our study concluded that in diabetic
populations, abdominal obesity had an obviously negative
correlation with bone metabolism. The abdominal obesity
indices were associated with both skeletal destruction and
formation. In routine clinical practice, such easily obtained
measurements can be used as a preliminary screening
method and relevant factors for bone metabolic abnormali-
ties at no additional cost but may be more valuable for post-
menopausal women in T2DM patients.

Abdominal obesity is referred to a particular accumula-
tion of adipose tissue in the abdomen, which intuitively
manifested as an increased WC and was often accompanied
by visceral fat sedimentation. According to the WS/T 428-
2013 “Criteria of weight for adults,” a male WC ≥ 90 cm
and a female WC ≥ 85 cm were defined as abdominal obe-
sity. In 2012, the prevalence among Chinese adult residents
was 25.7%, of whom male was 26.0% and female was
25.3% [39]. How fat distribution and the ensuing metabolic
changes affected bone generation was not that clear [40]. It
could be explained by the local inflammatory action, i.e.,
11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1)

Table 2: Correlation of abdominal obesity index and BTMs.

(a) Multiple linear regression analysis of abdominal obesity index and BTMs (male)

BTMs
Index

β-CTX
P

OC
P

P1NP
P

Β (95% CI) Β (95% CI) Β (95% CI)

BMI -.008 (-.014, -.002) 0.006 -.009 (-.014, -.004) <0.001 0.001 (-.004, 0.006) 0.643

NC -.004 (-.010, 0.003) 0.258 -.007 (-.012, -.002) 0.005 0.003 (-.002, 0.009) 0.252

WC -.004 (-.006, -.002) <0.001 -.005 (-.007, -.003) <0.001 0.001 (-.001, 0.003) 0.265

HC -.001 (-.004, 0.002) 0.522 -.002 (-.004, 0.000) 0.111 0.001 (-.001, 0.004) 0.396

VAI -.004 (-0.09, 0.002) 0.172 -.001 (-.005, 0.003) 0.686 -.002 (-.006, 0.003) 0.492

LAP 0.000 (-0.001, 0.000) 0.025 0.000 (0.000, 0.000) 0.188 0.000 (0.000, 0.000) 0.723

WHR -1.055 (-1.430, -.681) <0.001 -1.137 (-1.442, -.832) <0.001 0.126 (-.204, 0.457) 0.454

CVAI -.001 (-.001, 0.000) 0.001 -.001 (-.001, -.001) <0.001 0.000 (0.000, 0.001) 0.183

(b) Multiple linear regression analysis of abdominal obesity index and BTMs (female)

BTMs
Index

β-CTX
P

OC
P

P1NP
P

Β (95% CI) Β (95% CI) Β (95% CI)

BMI -.014 (-.019, -.009) <0.001 -.014 (-.018, -.010) <0.001 -.001 (-.005, 0.004) 0.741

NC -.012 (-.019, -.006) <0.001 -.014 (-.019, -.009) <0.001 -.001 (-.007, 0.004) 0.675

WC -.005 (-.007, -.003) <0.001 -.004 (-.006, -.003) <0.001 -.001 (-.002, 0.001) 0.481

HC -.005 (-.007, -.003) <0.001 -.004 (-.006, -.002) <0.001 0.000 (-.002, 0.002) 0.849

VAI 0.018 (0.000, 0.036) 0.044 0.014 (-.001, 0.029) 0.061 0.021 (0.005, 0.037) 0.010

LAP -.002 (-.002, -.001) <0.001 -.001 (-.002, -.001) <0.001 0.000 (-.001, 0.001) 0.921

WHR -.296 (-.563, -.028) 0.030 -.296 (-.516, -.075) 0.009 -.171 (-.407, 0.065) 0.156

CVAI -.002 (-.003, -.001) <0.001 -.002 (-.003, -.001) <0.001 0.000 (-.001, 0.000) 0.345

The model was adjusted for age, TC, TG, HDL, LDL, FPG, HbA1c, glucagon, C-peptide, insulin, VitD, current smoking, and hypertension. The concentrations
of BTMs were naturally logarithmically transformed to follow an approximately normal distribution. The abbreviations were the same with Table 1.
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Table 3: P for trend of abdominal obesity index concentration with BTM quartile changes.

(a)

β-CTX
Quartiles

P for trend
1 2 3 4

Male

BMI Ref. -.058 (-.112, -.003) -.045 (-.100, 0.010) -.082 (-.137, -.026) <0.001
WC Ref. -.066 (-.120, -.011) -.027 (-.082, 0.029) -.103 (-.161, -.046) <0.001
NC Ref. -.021 (-.071, 0.028) -.022 (-.077, 0.033) -.032 (-.090, 0.025) <0.001
HC Ref. 0.012 (-.042, 0.067) 0.027 (-.026, 0.080) -.018 (-.073, 0.036) <0.001
VAI Ref. -.037 (-.092, 0.018) 0.007 (-.048, 0.062) -.051 (-.107, 0.004) <0.001
LAP Ref. 0.013 (-.042, 0.068) -.023 (-.078, 0.032) -.053 (-.109, 0.003) <0.001
WHR Ref. -.080 (-.135, -.024) -.112 (-.169, -.054) -.128 (-.188, -.068) <0.001
CVAI Ref. -.050 (-.106, 0.005) -.043 (-.099, 0.012) -.078 (-.135, -.021) <0.001
Female

BMI Ref. -.036 (-.087, 0.016) -.084 (-.136, -.032) -.122 (-.177, -.068) <0.001
WC Ref. -.047 (-.097, 0.003) -.095 (-.146, -.044) -.126 (-.179, -.073) <0.001
NC Ref. 0.006 (-.041, 0.053) -.053 (-.106, 0.000) -.084 (-.139, -.029) <0.001
HC Ref. -.002 (-.052, 0.047) -.064 (-.114, -.013) -.089 (-.143, -.035) <0.001
VAI Ref. -.012 (-.069, 0.046) -.064 (-.129, 0.002) -.094 (-.178, -.011) 0.013

LAP Ref. -.015 (-.069, 0.038) -.108 (-.165, -.050) -.132 (-.201, -.063) <0.001
WHR Ref. -.029 (-.081, 0.022) -.048 (-.100, 0.004) -.057 (-.110, -.004) 0.025

CVAI Ref. -.053 (-.106, 0.001) -.094 (-.153, -.036) -.175 (-.241, -.109) <0.001

(b)

OC
Quartiles

P for trend
1 2 3 4

Male

BMI Ref. -.062 (-.107, -.017) -.045 (-.089, 0.000) -.084 (-.129, -.038) <0.001
WC Ref. -.049 (-.094, -.005) -.042 (-.087, 0.003) -.115 (-.162, -.068) <0.001
NC Ref. -.041 (-.081, 0.000) -.025 (-.070, 0.020) -.068 (-.115, -.021) <0.001
HC Ref. 0.004 (-.041, 0.048) 0.040 (-.003, 0.083) -.038 (-.083, 0.007) <0.001
VAI Ref. -.050 (-.095, -.005) -.026 (-.071, 0.020) -.037 (-.082, 0.008) <0.001
LAP Ref. -.034 (-.079, 0.011) -.059 (-.104, -.014) -.063 (-.109, -.018) <0.001
WHR Ref. -.049 (-.094, -.003) -.057 (-.104, -.010) -.131 (-.180, -.082) <0.001
CVAI Ref. -.042 (-.088, 0.003) -.050 (-.096, -.005) -.097 (-.144, -.051) <0.001
Female

BMI Ref. -.029 (-.071, 0.013) -.069 (-.112, -.026) -.117 (-.162, -.072) <0.001
WC Ref. -.042 (-.084, -.001) -.086 (-.128, -.044) -.111 (-.155, -.067) <0.001
NC Ref. -.009 (-.048, 0.030) -.027 (-.070, 0.017) -.108 (-.154, -.063) <0.001
HC Ref. 0.002 (-.039, 0.043) -.050 (-.091, -.008) -.080 (-.125, -.036) <0.001
VAI Ref. -.032 (-.079, 0.016) -.061 (-.115, -.007) -.089 (-.158, -.020) 0.011

LAP Ref. -.027 (-.071, 0.017) -.086 (-.133, -.038) -.108 (-.165, -.051) <0.001
WHR Ref. -.055 (-.097, -.012) -.055 (-.098, -.012) -.066 (-.109, -.022) 0.008

CVAI Ref. -.034 (-.078, 0.011) -.082 (-.130, -.034) -.147 (-.201, -.093) <0.001
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[41]. The enzyme’s local expression and activation were
upregulated by topical proinflammatory cytokines, convert-
ing osteoblasts into adipose tissue [42]. This response consti-
tuted adipocyte accumulation in the bone marrow and
damaged skeletal microarchitecture [43]. Visceral adipose
tissue (VAT) was metabolically more active than subcutane-
ous adipose tissue (SAT) [39], which might be the reason
why VAT was associated with a relatively serious bone phe-
notype, while SAT was not significantly associated with
abnormal bone metabolism.

BMI was the most frequently used index to assess over-
weight or obesity [44]. Although the definition was simple
and numerous studies have linked it to obesity-related compli-
cations, BMI may misclassify the risks of certain individuals
because it did not take into account body composition or fat
distribution. Thus, many other indices have been established
to estimate abdominal obesity. As the earliest and most stable
evaluation index, WC has been widely used in the estimation
and even diagnosis of clinical diseases, such as metabolic syn-
drome [45–47]. Several studies have demonstrated its correla-
tion with metabolic abnormalities, although the relationship
with bone metabolism had rarely been reported. A researcher
from Denmark who enrolled 64 subjects with abdominal obe-
sity found a negative correlation between insulin resistance,
WC, and OC [48]. Another study performed in 382 Iranian
postmenopausal women showed that low OC levels had sig-
nificant associations with elevated blood glucose and elevated
WC [49]. Likewise, in our study, WC was significantly nega-
tively correlated with β-CTX and OC in both the male and
female groups, but no evident correlation was found between
WC and P1NP in either group. Both OC and P1NP represent
bone formation, and OC might be more sensitive to obesity

aggregation than P1NP. NC can reflect the extent of SAT
accumulation in the upper body and has been shown to be
associated with insulin resistance, cardiovascular risk factors
[50, 51], and polycystic ovary syndrome [52]. Recent studies
in Chinese populations have confirmed a close correlation
between NC and VAT [53]. Its measurement was more facili-
tating thanWC and was less susceptible to eating and seasonal
influences. Recently, WHR has been suggested as an assess-
ment index with a simple calculating method and has shown
predictive value for overweight and obesity [54–56]. WHR
could predict all-cause death [57] and was the first anthropo-
metric measure applied in clinical community work to deter-
mine abdominal obesity [58].

The VAI, proposed in 2010, was characterized as a
comprehensive aggregate of BMI, WC, TG, and HDL. The
formulas were based on an adipose distribution model estab-
lished by Marco’s team from an Italian community [59].
VAI was considered a ponderable indicator for assessing
VAT function and distribution, consistent with magnetic
resonance imaging (MRI) estimations [59, 60]. In our
research, VAI was the only indicator relevant to P1NP in
the female group, revealing a strong connection with bone
metabolism. Given the results of previous studies on VAI
and considering the discrepancies caused by ethnicity, some
scholars have proposed the CVAI as more suitable for the
evaluation of Chinese populations [36, 37, 61]. However, at
present, barely no research has investigated the association
between CVAI and bone metabolism in Chinese T2DM
patients, and this research served as a modest impetus to
others to provide their valuable contributions.

The LAP was proposed by data from the Third National
Health and Nutrition Survey in the United States [62]. Its

(c)

P1NP
Quartiles

P for trend
1 2 3 4

Male

BMI Ref. -.012 (-.061, 0.036) 0.022 (-.026, 0.070) 0.020 (-.028, 0.069) 0.181

WC Ref. -.031 (-.079, 0.017) 0.017 (-.031, 0.066) 0.023 (-.028, 0.073) 0.104

NC Ref. -.015 (-.058, 0.029) 0.026 (-.022, 0.074) 0.011 (-.039, 0.061) 0.143

HC Ref. 0.017 (-.031, 0.065) 0.048 (0.001, 0.094) 0.012 (-.036, 0.060) 0.121

VAI Ref. -.011 (-.059, 0.037) 0.007 (-.041, 0.056) 0.001 (-.047, 0.050) 0.149

LAP Ref. 0.019 (-.029, 0.067) 0.009 (-.040, 0.058) 0.008 (-.041, 0.057) 0.163

WHR Ref. 0.011 (-.039, 0.060) 0.018 (-.032, 0.069) 0.042 (-.011, 0.094) 0.172

CVAI Ref. -.027 (-.076, 0.021) 0.006 (-.043, 0.054) 0.036 (-.014, 0.086) 0.163

Female

BMI Ref. 0.008 (-.037, 0.054) -.002 (-.049, 0.044) 0.006 (-.042, 0.054) 0.947

WC Ref. -.005 (-.050, 0.040) -.036 (-.081, 0.009) -.017 (-.064, 0.031) 0.387

NC Ref. 0.025 (-.016, 0.067) 0.023 (-.023, 0.070) -.003 (-.052, 0.045) 0.795

HC Ref. 0.027 (-.017, 0.071) 0.007 (-.038, 0.052) 0.022 (-.026, 0.070) 0.574

VAI Ref. -.022 (-.072, 0.029) -.074 (-.131, -.016) -.082 (-.156, -.008) 0.013

LAP Ref. 0.011 (-.036, 0.058) -.040 (-.091, 0.011) -.039 (-.100, 0.023) 0.087

WHR Ref. -.024 (-.069, 0.022) -.030 (-.076, 0.015) -.027 (-.074, 0.020) 0.339

CVAI Ref. -.016 (-.064, 0.031) -.022 (-.074, 0.030) -.025 (-.083, 0.034) 0.416

Data are presented as B coefficients and 95% CI. The model was adjusted for the same correlative factors as in Table 2. The concentrations of BTMs were
naturally logarithmically transformed. Ref: reference. The abbreviations were the same with Table 1.

7Journal of Diabetes Research



calculations combined WC and TG, which were more scien-
tifically sound than the basal measurements and have been
shown to be closely related to dysglycemia and cardiovascu-
lar disease [63]. However, there was no unified conclusion
on the critical value or tangent point of the prediction of
metabolic abnormalities given differences in the ethnicities,
degrees of obesity, and underlying characteristics of the
study subjects [64].

Previously, body fat distribution was detected by DXA,
computed tomography (CT), MR imaging (MRI), and MR
spectroscopy (MRS) [65, 66]. While DXA can only distin-
guish bone, fat, and lean soft tissue [67], CT can differentiate
adipose tissue volumes (i.e., VAT and SAT) and adipose depo-
sition (e.g., between the liver and skeletal muscle) [65, 66].
Furthermore, MRI and MRS allowed dedicated phenotyping
via the assessment of sophisticated parameters [66, 68]. But a
cohort study of 1179 enrolled participants fromChina showed
that visceral fat area measured using MRI was not associated
with OC, fibroblast growth factor 23, etc. [69]. The contradic-
tory results indicated that numerous unknowns were to be
grope for. However, due to their radiation exposure, time-
consuming natures, high costs, and restrictive requirements
on the site and instruments, the actual utilization rate of the
inspection methods remained limited. Although it was not
suggested that T2DM patients be referred for central obesity
anthropometric measurements to replace the conventional
bone screening, the ability to identify the visceral fat content
from an assessment of abdominal obesity indicators obtained
during routine physical examinations could provide addi-
tional benefit in revealing osteodysfunction risk that was avail-
able at no incremental cost [22].

Limitations to this analysis include the restricted scope
of the investigated population’s residence. The enrolled sub-
jects came from East China only, and the results need to be
prudently generalized to other ethnic groups or regions. Sec-
ond, it would be more convincing to measure BMD along
with the BTMs to elucidate the trends in bone density vari-
ation. Although no causal association between abdominal
obesity and bone generation can be drawn from the present
cross-sectional study, future exploration of a potential
“T2DM–obesity–osteodysfunction” chain of action is of
immense appeal.

5. Conclusion

The bones of the human body were in a state of dynamic
equilibrium. The present study demonstrated that in
T2DM patients, abdominal obesity had an obviously nega-
tive correlation with bone metabolism. In both males and
females, the abdominal obesity indices were significantly
negatively associated with skeletal destruction (β-CTX) and
formation (OC), while among females, the VAI was the only
indicator relevant to P1NP. In routine clinical practice, such
easily obtained measurements and indices can be calculated
from concise formulas and could be used as a preliminary
screening method and relevant factors for osteodysfunction
risk at no incremental cost and may be of particular value
for postmenopausal women in T2DM patients.
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