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The association of weight-adjusted waist
index with the risk of osteoporosis in patients
with type 2 diabetes: a cross-sectional study

Runzhou Pan'? and Yukun Li""

Abstract

Background The relationship between obesity and type 2 diabetes with bone health has always been a topic of
debate. The weight-adjusted waist index has become a commonly used indicator for assessing central obesity, fat,
and muscle mass. However, currently there is no research reporting the association between weight-adjusted waist
index and risk of osteoporosis in populations of type 2 diabetes. Therefore, this study aims to provide new information
on the association between weight-adjusted waist index and risk of osteoporosis in type 2 diabetes.

Methods This cross-sectional study involved 963 patients with type 2 diabetes who were admitted to the
Department of Endocrinology of Cangzhou Central Hospital. Multivariate logistic regression models were used to
assess the association between weight-adjusted waist index and osteoporosis. The potential nonlinear association
was evaluated. The effects of interaction between subgroups were assessed using the likelihood ratio test.

Results Weight-adjusted waist index was positively associated with the risk of osteoporosis, regardless of traditional
confounding factors. For each 1 unit increased in weight-adjusted waist index, the risk of osteoporosis increased by
67%. Furthermore, there was a nonlinear relationship between weight-adjusted waist index and osteoporosis. The
subgroup analysis did not reveal any significant interactions.

Conclusions Our study indicated a positive association between weight-adjusted waist index and the risk of
osteoporosis in adult Chinese type 2 diabetes patients, and this relationship was nonlinear.
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Background

Due to its severity, chronic nature, and progression,
osteoporosis (OP) has become a public health problem.
In China, the prevalence of OP among adults over 20
years of age has reached 18.2% [1]. The clinical and eco-
nomic burden of fractures related to OP is significant [2,
3]. Therefore, the treatment and prevention of osteopo-
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treatment options [3-9]. Similarly, actively exploring
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innovative approaches to prevent OP is also crucial to
maintaining public health.

As two common metabolic disorders, the relationship
between obesity and type 2 diabetes (T2D) with bone
health has always been a topic of debate. T2D is associ-
ated with normal or higher bone mineral density (BMD),
but paradoxically increases the risk of fractures [10].
Several factors related to diabetes are associated with
increased fracture risk, including exogenous insulin ther-
apy, vascular complications, and poor glycaemic control,
although detailed comprehensive studies to identify the
independent contributions of these factors are lacking
[10]. Similarly, although the view that obesity is positively
associated with BMD or bone mass was once widely
accepted [11, 12], recent research suggests that the rela-
tionship between the two may be the opposite [13]. The
presence of metabolic syndrome and/or high waist cir-
cumference seems to be playing a role in the loss of bone
mass in obesity [14]. Obesity is a risk factor for T2D, so
bone phenotypes in both conditions may overlap a lot.

In recent years, a type of obesity phenotype known
as sarcopenic obesity (SO), characterised by increased
fat accumulation, decreased muscle mass and strength,
has been found to be prevalent in some clinical settings
[15]. Individuals with SO are at increased risk of devel-
oping T2D compared to individuals who are obese but
do not have SO [16]. Osteosarcopenic obesity (OSO)
combines the characteristics of low bone mass with SO,
and has been proposed as a new disease [17]. As tradi-
tional measures of obesity, body mass index (BMI) and
waist have limitations in distinguishing between muscle
and fat mass, which may lead to less accurate estimates
of individual health risks, including bone health [18, 19].
In recent years, a new obesity measure called the weight-
adjusted waist index (WWI) has been introduced and has
become a commonly used indicator for assessing cen-
tral obesity, fat, and muscle mass [20]. The relationship
between WWI and bone health has been investigated in
the general population [21-25]. However, currently there
is no research reporting the association between WW1I
and risk of OP in T2D populations. Therefore, this pop-
ulation-based study aims to provide new information on
the association between WWI and risk of OP in patients
with T2D. Therefore, this population-based study aims to
explore the relationship between WWI in T2D patients
and the risk of OP, to provide new information for the
prevention of OP in patients with T2D.

Methods

Study design and sample

This study is a cross-sectional study. Based on data from
nearby cities, the prevalence of T2D in adults is 9.2%
[26]. Assuming a two-sided a=0.05 and a permissible
error of 3%, using PASS 15 to calculate the sample size,
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we obtain N=390. This study involved 963 patients with
T2D who were admitted to the Endocrinology Depart-
ment of Cangzhou Central Hospital between October
2018 and December 2023. The inclusion criteria were
adults aged 18 years or older, individuals diagnosed with
T2D according to the 1999 World Health Organization
(WHO) criteria [27]. The BMD levels of patients’ total
hip, femoral neck, and lumbar spine were measured
using Hologic’s DXA equipment. The diagnostic cri-
teria for OP are based on the WHO diagnostic criteria:
T-scores < -2.5 were defined as OP, -2.5<T-scores < -1.0
were defined as osteopenia, T-scores > -1.0 were defined
as normal BMD ([28]. Patients with osteopenia and nor-
mal BMD are considered non-OP. Excluded from the
study were patients with acute diabetes complications,
a history of endocrine disorders affecting bone metabo-
lism (such as thyroid disease, hypopituitarism, Addison’s
disease, Cushing syndrome, pituitary adenoma, para-
thyroid disease or hypogonadism), severe infections,
inflammatory diseases, malignant tumours, severe liver
or kidney dysfunction, or other secondary OP. Patients
taking medications that affect bone metabolism were also
excluded. This study was approved by the Ethics Com-
mittee of Cangzhou Central Hospital and was conducted
according to the Helsinki Declaration guidelines, includ-
ing all relevant details. As this study was retrospective,
informed consent was not required.

wwi

Weight and waist were measured by well-trained hos-
pital healthcare technicians. The subjects stood upright
with their arms crossed in front (hands placed on oppo-
site shoulders). A bilateral iliac palpation was performed
and a horizontal line was drawn above the outermost
part of the right iliac bone. Subsequently, the midline of
the axilla was marked on the right side. The tape measure
was placed at the intersection point of the two lines in
a horizontal plane. The waist was then measured at the
end of a normal exhalation by the individual. The partici-
pants’ shoes and bulky clothing were removed to calcu-
late their weight. WWI was determined by dividing the
waist (cm) by the square root of weight (kg). The meth-
odology to establish WWTI was previously described in a
separate study [29].

Covariates

Drawing from the existing literature [22, 24], multiple
potential covariates were assessed, encompassing sex,
age, hypertension, metabolic syndrome (MetS), smok-
ing history, glycated hemoglobin (HbAlc), total choles-
terol (TC), calcium, phosphorus, 25-hydroxy vitamin D
(VID), serum creatinine (Cre), uric acid (UA), and insulin
use. A definitive smoking history was established by cur-
rent smoking and previous smoking (quit smoking after
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a total of more than 100 cigarettes). Hypertension was
confirmed with a systolic blood pressure of 130 mmHg
or higher or a diastolic blood pressure of 80 mmHg or
higher (or through antihypertensive medications). Labo-
ratory data was obtained from the hospital information
system.

Statistical analysis

The characteristics of the patients were calculated
according to the WWI quartiles. Continuous variables
were presented as meantSD or median (interquartile
range), while categorical variables were expressed as
frequencies or percentages. One-way analysis of vari-
ance (normal distribution), Kruskal-Wallis test (skewed
distribution), and Chi-square test (categorical variables)
were used to determine statistical differences in group
means and proportions. The multiple logistic regres-
sion model was used to investigate the linear association
between WWI and the risk of OP. WWI was treated as
both a categorical variable (quartiles) and a continuous
variable input. The study comprised four models: Model
1 did not require variable adjustment. Model 2 adjusted
for sex, age, hypertension, MetS, and smoking history.
Model 3 adjusted for sex, age, hypertension, MetS, smok-
ing history, HbAlc, TC, calcium, phosphorus, VID, Cre,
and UA. Model 4 adjusted for Model 3 plus insulin use. A
generalised additive model (GAM) with a natural spline
function incorporating 4 knots was utilised to examine
the nonlinear relationship between WWT and the risk of
OP. In the cases where a nonlinear association was iden-
tified, a two-piece regression model was employed to
determine the threshold effect. Subgroup analyses were
performed to explore potential variations within different
subgroups. For continuous variables, they were initially
transformed into categorical variables based on clinical
cut-off points, followed by an interaction test. The effects
of interaction between subgroups were assessed using
the likelihood ratio test. All statistical analyses were car-
ried out using R Statistical Software (Version 4.2.2, The
R Foundation, http://www.R-project.org) and the Free
Statistics Analysis Platform (Version 1.9, Beijing, China,
http://www.clinicalscientists.cn/freestatistics).

Results

Characteristics of the study population

This study enrolled 963 eligible T2D patients,
aged 58.7112.1 years. The mean levels of total hip
BMD, femoral neck BMD, and lumbar spine BMD
were 0.982+0.159 g/cm? 0.820+0.151 g/cm? and
1.047+0.166 g/cm? respectively. The incidence of OP
was approximately 9.4%. The baseline characteristics
of the participants, stratified by WWI, are presented in
Table 1. As the WWI quartiles increase, total hip BMD,
femoral neck BMD, and lumbar spine BMD show a
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gradual decreasing trend, and the incidence rate of OP
is showing an increasing trend. Compared to patients
in the first or second quartiles of WWI, patients in the
third or fourth quartiles of WWI were older, had higher
BMI levels, a higher proportion of female patients, more
cases of hypertension, MetS, history of smoking, and
insulin use. Laboratory indicators such as TG, UA, and
phosphorus levels were higher, while HDL-C levels were
lower in patients in the third or fourth quartiles of WW1I
(P<0.05). No significant differences were found between
the groups in other laboratory indicators including TC,
LDL-C, Cre, FBG, HbAlc, calcium and VID (P>0.05)
(Table 1).

Association between WWI and the risk of OP

In univariate logistic regression analyses, WWI
expressed as a continuous variable (Per 1 cm/vkg) was
increased associated with the risk of OP [odds radio
(OR)=2.36, 95% confidence interval (CI)=1.71~3.26,
P<0.001] (Table 2, model 1). This association was attenu-
ated but remained statistically significant (OR=1.69, 95%
CI=1.15~2.48, P=0.007), independent of potential con-
founders (Table 2, model 4). When WWI was expressed
in quartiles in logistic regression analysis, patients in
the highest quartile of WWI had a 3.26-fold increased
risk of OP compared to those in the lowest quartile of
WWI (OR=4.26, 95% CI=2.19 ~8.3, P<0.001) (Table 2,
model 1). Even after adjusting for potential confounders,
this association remained significant and independent
(OR=2.20,95% CI=1.02 ~4.77, P=0.045) (Table 2, model
4). In addition, multivariable-adjusted restricted cubic
spline analyses indicated nonlinear relationship between
WWI and the risk of OP (P=0.029) (Fig. 1). when the
WWI<11.14 cm/Vkg, there appears to be a decreas-
ing trend in the risk of OP for patients with T2D with
increasing WWI, but this difference is not significant.
However, when WWI1>11.14 cm/vVkg, there is a signifi-
cant positive association between WWI and the risk of
OP, with an OR of 4.29 (95% CI, 1.66-11.07; P=0.003)
(Table 3).

Stratified analyses were carried out in several sub-
groups (Male or Female, Age<50 years or Age>50
years, BMI<24 kg/m? 24 kg/m?><BMI<28 kg/m® or
BMI>28 kg/m? MetS or not, insulin use or not, VID <50
nmol/L or VID>50 nmol/L) to assess the potential
impact of the relationship between WWI and OP in the
population with T2D. The results of the subgroup anal-
ysis did not reveal any significant interactions (P>0.05)
(Fig. 2).

Discussion

This cross-sectional study indicates that there is a non-
linear association between WWI and OP among adult
T2D patients in China. This relationship remains stable
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Table 1 Participants characteristics and outcome parameters
Characteristics WWI quartiles*(cm/vkg) p-Value

Total Q1(8.48-10.29) Q2(10.29-10.78) Q3(10.78-11.23) Q4(11.23-12.97)
n 963 241 240 241 241
Sex, n(%) <0.001
Male 554 (57.5) 182 (75.5) 151 (62.9) 135 (56) 86 (35.7)
Female 409 (42.5) 59 (24.5) 89 (37.1) 106 (44) 155 (64.3)
Age(years), Mean£SD 587+12.1 546+12.7 588+11.7 599+11.7 61.5+114 <0.001
BM\(kg/mz), Mean+SD 272+57 24.2+47 266+4.7 280+54 302+6.3 <0.001
TC(mmol/L), Mean£SD 48+1.1 47+1.1 46+1.1 49+1.1 48+1.2 0.059
TG(mmol/L), Median (IQR) 1.6(0.9,29) 14(0.8,24) 1.6 (0.8,2.6) 1.8(1.0,34) 1.8(1.0,29) 0.007
HDL-C(mmol/L), Mean+SD 1.25+£0.36 1.34+£0.40 1.24+0.38 122+0.34 1.21+0.32 <0.001
LDL-C(mmol/L), Mean +SD 25+09 25+09 24408 26+09 25+09 0.148
Cre(umol/L), Mean+SD 81.6+345 84.6+425 84.5+379 79.1+238 784+30.5 0.08
UA(mmol/L), Mean +SD 326.6+88.0 3143+790 329.1+£887 325.2+845 3378+978 0.031
FBG(mmol/L), Mean+SD 9.2+39 91439 92437 9.2+4.1 93+38 0.967
HbA1c(%), Mean +SD 75%+19 75%£20 7419 7417 76£18 0.5
Phosphorus(mmol/L), Mean +SD 1.20+0.18 1.18+0.18 1.19+0.17 1.19+0.17 1.23+0.17 0.019
Calcium(mmol/L), Mean +SD 236+0.10 237+0.10 237+0.10 236+0.10 235+0.10 0462
VID (nmol/L), Mean+SD 60.5+£255 59.8+253 5909+279 614+233 61.1+£253 0.857
Total hip BMD(g/cm?), Mean +SD 0982+0.159  1.010+0.165 0.995+0.158 0.984+0.154 0.938+0.151 <0.001
Femoral neck BMD(g/cmz), Mean+SD 0.820£0.151 0.847+£0.156 0.840+£0.158 0.810£0.135 0.781+£0.147 <0.001
Lumbar spine BMD(g/sz), Mean+SD 1.047£0.166 1.085+0.168 1.059£0.163 1.040£0.163 1.003£0.159 <0.001
OP, n(%) 91 (94) 12 (5) 18(7.5) 17.(7.1) 44 (18.3) <0.001
Hypertension, n(%) 574 (59.6) 125(51.9) 130 (54.2) 148 (61.4) 171.(71) <0.001
MetS, n(%) 682 (70.8) 114 (47.3) 166 (69.2) 190 (78.8) 212 (88) <0.001
Smoking history, n(%) 455 (47.2) 116 (48.1) 101 (42.1) 106 (44) 132 (54.8) 0.027
Insulin use, n(%) 158 (16.4) 29(12) 33(13.8) 43(17.8) 53(22) 0.015

p-Value<0.05 was considered significant. Abbreviations WWI, weight-adjusted waist index; BMI, body mass index; FBG, fasting blood glucose; HbAlc, glycogen
hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; VID, 25-hydroxy vitamin
D; Cre, serum creatinine; UA, Uric Acid; BMD, bone mineral density; OP, osteoporosis; MetS, metabolic syndrome; SD, standard deviation; IQR, interquartile range.

AWWI quartiles based on separate quartile intervals for participants

Table 2 The association of WWI(cm/kg) with the risk of OP

Wwi WWI quartiles

(n=963) Q1(n=241) Q2(n=240) Q3(n=241) Q4(n=241)

OR(95%CI) p-Value Reference OR (95%Cl) p-Value OR (95%Cl) p-Value OR (95%Cl) p-Value
Model 1 236(1.71~326) <0.001 1 1.55(0.73~3.29 0.256 145(068~3.100 034 426(2.19~830) <0.001
Model 2 1.73(1.20~249)  0.003 1 1.17(0.53~2.58) 0703 097(043~2.18) 0938 225(1.07~4.74)  0.033
Model 3 65 (1.13~241)  0.01 1 1.19(0.53~2.66, 0.670 090(039~2.04) 0.79% 2(098~458)  0.055
Model4  1.69(1.15~248)  0.007 1 1.21 (0.54~2.71 0.642 093(040~2.12) 0855 220(1.02~4.77) 0.045

p-Value<0.05 was considered significant

Abbreviations WWI, weight-adjusted waist index; OP, osteoporosis; OR, odds radio; Cl, confidence interval

Model 1: unadjusted

Model 2: adjusted for age, sex, hypertension, metabolic syndrome (MetS), and smoking history

Model 3: adjusted for Model 2 plus glycogen hemoglobin (HbA1c), total cholesterol (TC), calcium, phosphorus, 25-hydroxy vitamin D (VID), serum creatinine (Cre)

and uric acid (UA).
Model 4: adjusted for Model 3 plus insulin use

in subgroup analysis based on different sex, BMI, MetS,
ages, insulin use and vitamin D levels.

Obesity and overweight have previously been identi-
fied as preventive factors for fractures and OP. Excess
body fat can not only promote the secretion of vari-
ous hormones, including oestrogen, insulin, and leptin,
which can prevent bone loss, but also exert more static

mechanical stress on the bones, promoting the forma-
tion of cortical bone in obese individuals [30]. BMI and
waist are two internationally recognized parameters for
identifying obesity, and many early studies have found a
positive association between BMI, waist, and BMD [11,
12]. As traditional body measurement indices, BMI and
waist have a stronger association with high fat mass and
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Fig. 1 The association of WWI(cm/+kg) and the risk of OP. (Solid and
dashed lines represent the predicted value and 99.9% confidence inter-
vals) Abbreviations: WWI, waist circumference index; OP, osteoporosis.
Adjust for age, sex, hypertension, metabolic syndrome (MetS), smoking
history, glycogen hemoglobin (HbA1c), total cholesterol (TC), calcium,
phosphorus, 25-hydroxy vitamin D (VID), serum creatinine (Cre), uric acid
(UA) and insulin use

Table 3 Threshold effect analysis of relationship of WWIi(cm/vkg)

with OP

Adjusted OR(95% CI) P
WWI<11.14 0.77 (037,1.62) 049
WWI=11.14 4.29(1.66,11.07) 0.003
Log-likelihood ratio test 0.011

p-Value<0.05 was considered significant. Abbreviations WWI, weight-adjusted
waist index; OP, osteoporosis; OR, odds radio; Cl, confidence interval. Adjust for
age, sex, hypertension, metabolic syndrome (MetS), smoking history, glycogen
hemoglobin (HbA1c), total cholesterol (TC), calcium, phosphorus, 25-hydroxy
vitamin D (VID), serum creatinine (Cre), uric acid (UA) and insulin use

are valuable in predicting health risks related to obesity
[14, 31]. However, these indices cannot be used as accu-
rate indicators of obesity due to their inability to dif-
ferentiate between fat and muscle mass, as well as their
limitations influenced by age, gender, and race [32]. In
recent years, the viewpoint that obesity is a protective
factor for OP has gradually shifted [13]. A simple linear
association cannot fully reflect the relationship between
BMI and BMD [33]. Previous studies have shown that
SO, rather than simple obesity, significantly increases
the risk of morbidity and mortality. This elevated risk of
mortality is not only related to obesity [34, 35]. Recently,
as a new entity, OSO combines excessive fat accumula-
tion (obesity), decreased muscle mass and strength (sar-
copenia), and low bone mass (osteopenia/OP), and is
increasingly gaining attention [17]. This highlights the
need to consider the complex effects of fat and muscle
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mass on the body when calculating bone health risks.
WWI shows minimal differences between races and is
widely applicable in multiethnic environments. It is posi-
tively associated with body fat and negatively associated
with muscle mass [20]. It represents the complex condi-
tion of SO, reflecting changes in abdominal components
with age and excluding interference from muscle mass in
high body weight [36]. Therefore, when assessing various
health outcomes, especially bone health, WWI can per-
form better than traditional indicators such as BMI and
waist.

Some studies based on the NHANES and KNHANES
database have found a negative association between
WWT and total hip BMD, femoral neck BMD, and lum-
bar spine BMD in adult populations in the United States
(US) and South Korea [21, 22, 25], and a negative associa-
tion between WWT and total femoral BMD in adolescent
populations [24]. Recently, a study in the US population
aged 65 and older found a U-shaped relationship between
WWI and OP [23]. Compared to previous studies, this
study adjusted for potential confounders and used multi-
variate regression analysis of data from Chinese patients
with T2D, making the results generalisable to the Chi-
nese population with T2D. We found a positive associa-
tion between WWTI and OP. To evaluate the effects of age,
sex, blood pressure, smoking history, lipid metabolism,
calcium, phosphorus, VID, Cre, UA, and insulin on the
association between WWI and OP, we constructed four
models and compared the results before and after adjust-
ing for the above covariates. In Model 2, which considers
age, sex, hypertension, MetS, and smoking, and Model
3, which further considers TC, calcium, phosphorus,
VID, Cre, and UA on the basis of Model 2, this associa-
tion remains stable. Additionally, it should be noted that
insulin is closely associated with both obesity and bone
[37, 38]. Therefore, in Model 4, we adjusted for whether
the patients used insulin and the results confirmed that
the relationship between WWI and OP remains robust.
The exact underlying cause of the association between
WWI and OP remains uncertain. Potential mechanisms
may include the following: The presence of fat in bone
and muscle is a key pathophysiological factor in low bone
mass [39]. A key mechanism of bone loss involves bone
marrow mesenchymal stem cells (BMSCs) that expend
bone marrow adipose tissue at the expense of osteo-
blasts. The ‘fattening’ of bones, coupled with reduced
bone formation, lowers trabecular bone density, leading
to a higher risk of fractures [40]. Fat inflammation leads
to redistribution of fat from subcutaneous spaces to
intra-abdominal fat (visceral fat) and skeletal muscle (fat
infiltration), resulting in decreased muscle strength and
function [41]. The central pathway shared by muscles and
bones is the growth hormone/insulin-like growth fac-
tor-1 axis, which plays a crucial role in regulating bone
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Subgroup Variable Total Event(%) OR (95%CI) P for interaction
Overall

Crude wwi 963 91 (9.4) 2.36 (1.71~3.26) —_—

Adjusted wwi 963 91 (9.4) 1.69 (1.15~2.48) —

Sex

Male WwI 554 25 (4.5) 1.51 (0.72~3.16) —_—l 0.655
Female wwi 409 66 (16.1) 1.73 (1.09~2.75) s

BMI

<24 WWwWI 302 38 (12.6) 1.41 (0.71~2.82) —_— 0.346
24~28 WwI 274 28 (10.2) 2.63 (1.1~6.31) _—l

>=28 wwi 387 25 (6.5) 2.35 (1.08~5.08) s

MetS

No Wwi 281 24 (8.5) 1.05 (0.5~2.21) —_—l— 0.306
Yes wwi 682 67 (9.8) 2.08 (1.3~3.31) —

Age

<50 WWI 216 5(2.3) 2.17 (0.42~11.33) " 0.695
>=50 wwi 747 86 (11.5) 1.64 (1.1~2.45) —a—

Insulin use

No wwi 805 77 (9.6) 1.66 (1.09~2.54) —— 0.856
Yes wwi 158 14 (8.9) 1.8 (0.63~5.17) -

VID

<50 Wwi 371 28 (7.5) 1.95 (0.96~3.95) —_—— 0.542
>=50 WwWI 592 63 (10.6) 1.66 (1.04~2.65) —_—

050 10 20 40 80
Effect(95%Cl)

Fig. 2 Association between WWI and the risk of OP according to the general characteristics. p-Value <0.05 was considered significant. Abbreviations:
WWI, waist circumference index; OP, osteoporosis; BMI, body mass index; MetS, metabolic syndrome; VID, 25-hydroxy vitamin D; OR, odds radio; Cl, confi-
dence interval. Except for the stratification factor itself, the stratifications were adjusted for all variables, including age, sex, hypertension, MetS, smoking
history, glycogen hemoglobin (HbA1c), total cholesterol (TC), calcium, phosphorus, VID, serum creatinine (Cre), uric acid (UA) and insulin use

and muscle growth [42]. Complex bidirectional cross-
talk between muscles and bones, including mechanical
interactions and paracrine and endocrine communica-
tion, functions in the homeostasis of bones and muscles.
Decreased muscle function and performance lead to
reduced skeletal loading and subsequent deterioration of
BMD. Muscle paralysis, atrophy, or immobilisation can
promote bone loss and OP [39, 43]. The coexistence of
obesity and sarcopenia under the so-called ‘SO’ pheno-
type may have a synergistic effect, chronic inflammation
being a common factor in both conditions, potentially
playing a significant role in bone remodelling, especially
driving and accelerating the transition to a resorptive
state, leading to decreased bone mass [44]. Furthermore,
although the underlying mechanisms are not yet clear,
both T2D and obesity can induce oxidative stress and
inflammation. T2D further exacerbates the damage to
the bones due to obesity [45]. Studies have shown that
T2D is associated with the transition from osteogenesis
to fat generation, with an increase in bone marrow adi-
posity leading to the replacement of cell marrow by fat.
BMSCs may be involved in the shared pathological pro-
cesses of obesity, diabetes, and skeletal fragility [45, 46].

It should be noted that our results showed a non-
linear relationship between WWI and OP in the T2D
population, with a critical value of 11.14 cm/Vkg.
When WWI<11.14 cm/Vkg, we did not find an asso-
ciation between WWI and OP. However, when
WWI>11.14 cm/Vkg, there was a significant positive
association between WWI and an increased risk of OP.
Therefore, we speculate that in a low WWI state, the
increase in weight and the positive effects of hormone
secretion on the skeleton may counteract the decrease in
the negative impact of decreased muscle mass, increased
body fat and T2D on bones. However, as WWI increases
beyond the threshold, this negative impact can become
more prominent, leading to an increased risk of OP in
patients. Interestingly, this nonlinear relationship is dif-
ferent from the U-shaped relationship found in a previ-
ous study of the general elderly population in the US [23]:
When WWTI is below the threshold, WWI does not show
a negative association with OP, as observed in the previ-
ous study. However, when WWT exceeds the threshold,
the OR of OP reaches 4.13, exceeding the previously
reported OR value of 2.23. The difference may be attrib-
uted to the different study populations. Firstly, unlike
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previous studies that included the general population, our
study includes T2D patients, so we need to consider the
adverse effects of T2D on bone metabolism. The impact
of diabetes on bones is multifaceted. In cases where BMD
is normal or increased, various factors in T2D patients
such as central obesity, insulin resistance, hyperinsu-
linemia, hyperglycemia, accumulation of advanced gly-
cation end-products, occurrence of microvascular and
macrovascular complications, and the use of exogenous
insulin lead to impaired bone parameters (reduced bone
turnover, cortical defects such as increased cortical
porosity, decreased cortical volumetric BMD, reduced
cortical cross-sectional area), and decreased bone qual-
ity [10]. Secondly, unlike previous studies that included
US populations, our study includes Chinese populations.
Research indicates that compared to western popu-
lations, Asians have a higher percentage of body fat,
prominent abdominal obesity, and a significantly higher
visceral fat [47]. Compared to general obesity, central
obesity can have more inflammatory markers, visceral
fat can be more active than other fats, secreting a greater
variety of cytokines, such as inflammatory cytokines that
disrupt the bone remodelling process [48]. Increased in
insulin resistance caused by central obesity can inhibit
insulin-like growth factor-1, thereby reducing the prolif-
eration and differentiation of osteoblasts [49]. Whether
the negative impact of T2D itself, as well as abdominal
obesity and increased visceral fat on bone, is the cause of
this difference deserves further exploration.

No significant interactions were observed in the sub-
group analysis, demonstrating that the positive associa-
tion between WWTI and OP risk in T2D patients is robust
across different subgroups. It is important to note that
the prevalence of OP varies among different subgroups.
Epidemiological studies suggest that age and female gen-
der are independent risk factors for osteoporosis [50, 51].
A recent study on T2D patients in Japan without a history
of fractures or OP treatment has confirmed that elderly
women have the highest risk of bone loss and OP [52].
Our result shows that the prevalence of OP is higher in
patients over 50 years of age, as well as in female patients,
consistent with previous research findings. In addition,
compared to patients with a low BMI, the prevalence of
OP is lower in patients with a high BMI, possibly due to
the positive effects that obesity and overweight can have
on the bones [30].

The strength of this article is that previous studies have
focused primarily on the skeletal health of the general
population, with limited information on the relationship
between WWI and the risk of OP in patients with T2D.
Our study selected adult T2D patients to elucidate some
of these issues. However, there are several limitations
that need attention. Firstly, since this study used a cross-
sectional design, it cannot establish a causal relationship
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between WWI and the risk of OP. Secondly, despite
adjusting for several potential confounding factors, there
may be other unknown or unmeasured factors that could
affect our research results. Future studies should consider
these limitations to improve understanding and applica-
bility of using WWI as a measure to evaluate bone health.

Conclusions

This study indicated a positive association between WW1I
and OP risk in Chinese adult patients with T2D, and this
relationship was nonlinear. This indicates that in T2D
patients, maintaining WWI within the optimal range is
crucial to effectively managing bone metabolism health.
More prospective studies will be needed in the future to
confirm these conclusions.
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