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Obijective: In view of the high prevalence of osteoporosis in diabetic patients, this study aimed to investigate the correlation between
TyG-BMI, which represents insulin resistance, and bone loss markers, which represent bone metabolism, in an attempt to provide new
ideas for the early prevention and diagnosis of osteoporosis in patients with T2DM.

Patients and Methods: A total of 1148 T2DM were enrolled. The clinical data and laboratory indicators of the patients were
collected. TyG-BMI was calculated based on fasting blood glucose (FBG), triglycerides (TG), and body mass index (BMI) levels.
Patients were divided into Q1-Q4 groups according to TyG-BMI quartiles. According to gender, two groups were divided into men and
postmenopausal women. Subgroup analysis was performed according to age, course of disease, BMI, TG level and 25(OH)D3 level.
The correlation between TyG-BMI and BTMs was investigated by correlation analysis and multiple linear regression analysis using
SPSS25.0 statistical software.

Results: 1. Compared with Q1 group, the proportion of OC, PINP and B-CTX in Q2, Q3 and Q4 groups decreased significantly. 2.
Correlation analysis and multiple linear regression analysis showed that TYG-BMI was negatively correlated with OC, PINP and f3-
CTX in all patients and male patients. In postmenopausal women, TyG-BMI was negatively correlated with OC and B-CTX, but not
with PINP. 3. Subgroup analysis of male patients and postmenopausal female patients according to age, course of disease, BMI, TG
and 25(OH)D3 showed that TyG-BMI had a stronger negative correlation with BTMs in male patients with age < 65, disease duration
<10, BMI>24, TG < 1.7, and 25(OH)D3>20.

Conclusion: This study was the first to show an inverse association between TyG-BMI and BTMs in T2DM patients, suggesting that
high TyG-BMI may be associated with impaired bone turnover.
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Introduction

Type 2 diabetes mellitus (T2DM) is widespread worldwide, with more than 400 million people estimated to be affected
by the disease, and the incidence is expected to continue to rise.' In patients with diabetes, the incidence of osteoporosis
and fractures is very high.> According to statistics, more than one third of patients with T2DM in mainland China have
osteoporosis, which brings huge economic and social burden to them.? Although the risk of osteoporosis in T2DM
patients is significantly higher than that in the general population, the changes of bone in T2DM are still controversial.
Some studies have found that T2DM is associated with higher bone mineral density (BMD), but the risk of overall and
hip fractures is still increased.> Therefore, BMD alone cannot be used to assess the risk of osteoporosis and fracture in
patients with T2DM. T2DM can destroy osteocyte function and affect bone formation, bone transformation and
resorption to varying degrees.* Studies have shown that chronic hyperglycemia leads to increased levels of advanced
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glycation end products (AGEs) in bone collagen, which interferes with the normal function of osteoblasts, attachment to
the collagen matrix, and impairs the development of osteoblasts.” In addition, high blood glucose levels in diabetic
patients may alter bone turnover by reducing osteoclast differentiation and function, and this low turnover may explain
the higher incidence of fractures in T2DM patients despite their higher bone mass.®’ Therefore, reduced bone turnover
and impaired osteoblast activity are considered to be important factors in the possible mechanism of bone mass loss in
T2DM.*

It is well known that aging, obesity and insulin resistance (IR) lead to impaired skeletal regulation, resulting in
imbalance in skeletal homeostasis and pathological bone.” However, the current main method for detecting IR relies on
the high insulinemic-euglycemic clamp (HIEC), which is difficult to perform in large-scale population-based physical
examinations due to its economic, time, and ethical cost limitations.'® Triglyceride glucose-body mass index (TyG-BMI)
is a simple, valid and clinically useful alternative for early identification of IR based on a single routine fasting blood test
and BMI measurement, calculated as Ln [TG (mg/dl) xFBG (mg/d1)/2]xBMI (kg/m?)."" Numerous previous studies have
evaluated its effectiveness in a variety of IR-related clinical disorders.'*'* A large number of studies have confirmed that
TyG-BMI is strongly associated with prediabetes'* and diabetes,'® hypertension,'* hyperuricemia,'® non-alcoholic fatty
liver disease,'” and ischemic stroke,'® while the association with osteoporosis is rarely studied and only in non-diabetic
patients. As a high-risk population of osteoporosis, whether the monitoring of TyG-BMI index can be used to assess the
risk of disease still needs further study.

BTMs have been recognized by The International Osteoporosis Foundation (IOF) as a promising tool for bone
metabolism and quality assessment.'> Among them, procollagen type I N propeptide (PINP) is a degradation product
during the formation of type I collagen secreted by osteoblasts; serum osteocalcin (OC) is released by osteoclasts during
bone formation; B-C-terminal telopeptide of type I collagen (B-CTX) is a breakdown product during the degradation of
mature type I collagen secreted by osteoclasts.”’ OC, p-CTX, and PINP are the markers of bone metabolism and
turnover recommended by IOF because they can reflect bone turnover and bone loss in patients.'” Both osteoblasts and
osteoclasts can express insulin receptors on their surfaces.”' The available data from a large number of human and animal
studies confirm that insulin increases osteoblast proliferation, collagen synthesis, alkaline phosphatase production and
glucose uptake, and inhibits osteoclast activity, acting as an anabolic agent in bone.”***> However, the relationship
between IR and bone turnover remains unclear.

Previous studies have confirmed that T2DM and obesity increase the inflammatory load, leading to persistent low-
grade inflammation.”* 2’ Both chronic hyperglycemia and high levels of serum TG can promote the development of
oxidative stress and ROS.*®*’ Furthermore, it has been reported that IR is induced by adipocytokines through chronic
low-grade inflammation.*® Increased proinflammatory cytokines can inhibit osteoblast differentiation and impair bone
turnover.’*! TyG-BMI is not only considered to be an important index that can reflect IR, but also its components TG,
FBG, and BMI are closely related to the inflammatory response, so it is presumed that TyG-BMI also affects the bone
conversion process. Therefore, by studying the correlation between TyG-BMI and BTMs, this paper explored whether IR
could be used to assess the risk of osteoporosis in patients with T2DM.

Materials and Methods

Study Subjects and Research Design

Study Subjects

A total of 1148 adult male and postmenopausal female T2DM patients admitted to the Hebei Provincial People’s Hospital
from January 2020 to December 2020 were selected. Ethical approval was obtained from the Hebei Provincial People’s
Hospital, and all patients signed an informed consent form before enrollment in this study.This study was conducted in
accordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Inclusion criteria: 1) age >18 years old; 2) all patients met the diagnostic criteria for T2DM: diabetic symptoms plus
arbitrary blood glucose >11.Immol/L, fasting blood glucose >7.0mmol/L, or oral glucose tolerance test (OGTT test)
2-hour blood glucose >11.1mmol/L.
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Exclusion criteria: 1) TIDM or other specific types of diabetes mellitus; 2) patients with a history of myocardial
infarction, cerebral hemorrhage, severe hepatic or renal insufficiency, acute infection, and stress within the past 3
months; 3) pregnant and lactating women; 4) patients with malignancies or mental illnesses that limit their ability to
comply with study requirements; 5) history of fracture within 1 year; 6) application of drugs affecting bone
metabolism such as osteopontin, calcitriol, calcitonin, bisphosphonates, estrogen or estrogen receptor modulators,
nuclear factor-kB receptor activator ligand (RANKL) inhibitors, anabolic drugs (eg teriparatide, abaloparatide, and
romosumab), etc.

Research Methods

Data Collection

Basic information such as name, gender, age, past history, duration of diabetes, smoking history, drinking history, and
body mass index (BMI) were recorded. Fasting venous blood was collected the next morning after admission. The
automated biochemical analyzer was used to detect calcium (Ca), phosphorus (P), magnesium (Mg), uric acid (UA),
glomerular filtration rate (GFR), triglyceride (TG), fasting blood glucose (FBG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), lipoprotein A(LPA), alkaline phosphatase (ALP); glycate
hemoglobin (HbAlc), 25-hydroxyvitamin D3 (25(OH)D3), parathyroid hormone (PTH), OC, B-CTX and PINP were
detected by electrochemiluminescence. TyG-BMI was calculated by Ln [TG (mg/dl) XFBG (mg/dl)/2]*xBMI. To ensure
the accuracy of data extraction, data were entered into a spreadsheet by one researcher and cross-checked by another
independent researcher.

Statistical Analysis

SPSS25.0 statistical software was used for analysis. Normality and homogeneity of variance were tested for continuous
data. We tested the distribution normality using the Kolmogorov—Smirnov test. Normally distributed data were expressed
as mean * standard deviation, and comparison between groups was analyzed by one-way analysis of variance. Non-
normally distributed data were presented as median (interquartile range) and nonparametric tests were performed. Count
data were expressed as numbers (percentages), and chi-square test was used for comparison between groups. Spearman
or Pearson correlation analysis was used to analyze the correlation between BTMs and clinical indicators. Multiple linear
regression analysis was used to investigate whether TyG-BMI was a risk factor for BTMs. Subgroup analyses of
clinically relevant subgroups of study subjects were performed to further test the robustness of the results. P < 0.05
was considered statistically significant by two-tailed test.

Results
Comparison of the Indicators Between the Male Group and the Postmenopausal

Female Group

Compared with postmenopausal women, the male group had a younger age [56.00(46.00, 64.00) vs 64.00(57.00, 71.00)
years] and a shorter disease duration [8.00 (2.00, 15.00) vs 10.00 (5.00, 18.00) years]. Smokers [320(44%) vs 8(1.9%)]
and drinkers [261(36%) vs 6(1.4%)] accounted for a greater proportion. BMI [26.14(23.95, 28.39) vs 25.78(23.42,
27.97) kg/m?], UA [314.30(250.85, 379.30) vs 269.00(216.96, 329.10) umol/L], GFR [97.23(72.11, 106.81) vs 85.68
(66.21, 95.88)], 25(OH)D3 [18.88(14.96, 23.39) vs 15.75(12.67, 20.08) ng/mL], TyG-BMI [239.09(215.48, 268.29) vs
232.39 (206.37, 258.07)] levels were higher (P<0.05). P [1.17+0.20 vs 1.23+£0.18 mmol/L], HDL-C [1.03(0.87, 1.29) vs
1.22(1.04, 1.56) mmol/L], LDL-C [2.70+1.06 vs 3.03£1.90 mmol/L], ALP [75.00(60.90, 91.63) vs 81.00(62.60, 96.50)
mmol/L], OC [11.94(9.71, 14.59) vs 13.85(11.03, 17.44) ng/mL], PINP [35.79(28.29, 45.56) vs 41.32(31.94, 51.78)ng/
mL], B-CTX [0.35(0.25, 0.48) vs 0.40(0.28, 0.53) ng/mL] levels were lower (P<0.05), while Ca, Mg, TG, LPA, HbAlc,
PTH levels were not statistically different between the two groups (P>0.05) (Table 1).

Comparison of baseline characteristics of study subjects with different TyG-BMI levels.
As shown in Table 2, we analyzed the baseline characteristics of the population by TyG-BMI quartiles in ascending order
(Q1-Q4). As TyG-BMI increased, BMI, Ca, GFR, TG, LDL-C, HbAlc and PTH levels increased; conversely, age,
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Table | Comparison of Indicators Between the Male and Postmenopausal Female Groups

Male (N=716) Postmenopausal Female (N=432) P

Age (vears) 56.00(46.00, 64.00) 64.00(57.00, 71.00) <0.001

DM duration (years) 8.00(2.00, 15.00) 10.00(5.00, 18.00) <0.001

Smoking (number) 320(44%) 8(1.9%) <0.001

Drinking (number) 261(36%) 6(1.4%) <0.001

BMI (kg/m?) 26.14(23.95, 28.39) 25.78(23.42, 27.97) 0.010

Ca (mmollL) 2.29(2.22, 2.36) 2.30(2.23, 2.37) 0.059

P (mmol/L) 1.17+0.20 1.23+0.18 <0.001

Mg (mmol/L) 0.86(0.81, 0.90) 0.85(0.81, 0.92) 0.619

UA (umol/L) 314.30(250.85, 379.30) 269.00(216.96, 329.10) <0.001

GFR (mL/min) 97.23(72.11, 106.81) 85.68(66.21, 95.88) <0.001

TG (mmoliL) 1.42(0.98, 2.23) 1.37(1.01, 1.97) 0.271

HDL-C (mmol/L) 1.03(0.87, 1.29) 1.22(1.04, 1.56) <0.001

LDL-C (mmol/L) 2.70+1.06 3.03£1.90 0.001

LPA (mg/L) 138.65(79.15, 297.55) 174.80(92.20, 370.20) 0.114

HbAIc (%) 8.70(7.25, 10.20) 8.60(7.50, 10.50) 0.503

25(OH)D3 (ng/mL) 18.88(14.96, 23.39) 15.75(12.67, 20.08) <0.001

PTH (pg/mL) 37.08(29.23, 46.77) 37.53(28.91, 49.26) 0.485

ALP (mmol/L) 75.00(60.90, 91.63) 81.00(62.60, 96.50) 0.008

OC (ng/mL) 11.94(9.71, 14.59) 13.85(11.03, 17.44) <0.001

PINP (ng/mL) 35.79(28.29, 45.56) 41.32(31.94, 51.78) <0.001

B-CTX (ng/mL) 0.35(0.25, 0.48) 0.40(0.28, 0.53) <0.001

TyG-BMI 239.09(215.48, 268.29) 232.39(206.37, 258.07) 0.003

Table 2 Clinical Characteristics of Subjects by TyG-BMI Category
Ql Q2 Q3 Q4 P

Age (years) 62.78+11.75 60.77+12.14 59.54+11.27 54.11£13.16 <0.001
DM duration (years) 11.41+8.69 10.56+7.98 10.331£8.27 8.97+8.00 0.008
BMI (kg/m2) 22.28(20.98, 23.53) 25.07(23.88, 26.32) 26.84(25.69, 28.12) 29.41(27.76, 31.56) <0.001
Ca (mmoliL) 227221, 2.34) 2.29(2.22, 2.37) 2.30(2.23, 2.36) 2.30(2.24, 2.37) 0.003
P (mmol/L) 1.21+0.21 1.18+0.19 1.19£0.19 1.1940.19 0.346
Mg (mmol/L) 0.88(0.82, 0.91) 0.85(0.81, 0.90) 0.86(0.81, 0.90) 0.86(0.81, 0.90) 0.443
UA (umol/L) 261.91£103.82 291.05+154.65 293.22495.28 341.23+110.64 <0.001
GFR (mL/min) 83.12(51.61, 99.78) 89.55(57.63, 102.15) 93.88(80.80, 102.49) 97.15(76.29, 107.59) <0.001
TG (mmoliL) 0.94(0.73, 1.26) 1.24(0.96, 1.71) 1.55(1.15, 2.14) 2.25(1.62, 3.44) <0.001
HDL-C (mmol/L) 1.26(1.03, 1.62) 1.11(0.93, 1.47) 1.11(0.94, 1.34) 0.99(0.86, 1.21) <0.001
LDL-C (mmol/L) 2.67+2.20 2.72+1.09 2.86%1.17 3.03£1.05 <0.001
LPA(mg/L) 176.95(99.62, 401.55) 152.00(90.60, 295.60) 146.10(88.90, 342.30) 121.30(71.00, 241.20) 0.031
HbAlc (%) 8.30(6.70, 10.20) 8.50(7.30, 10.25) 8.70(7.33, 10.10) 9.00(8.00, 10.50) 0.001
25(OH)D3 (ng/mL) 17.88(13.78, 23.91) 18.52(14.23, 23.69) 16.56(12.85, 20.21) 17.06(14.26, 21.55) 0.002
PTH (pg/mL) 35.42(28.70, 46.77) 36.62(27.55, 46.04) 37.02(28.73, 49.56) 39.59(30.83, 49.83) 0.024
ALP (mmol/L) 73.20(55.80, 89.00) 74.15(60.30, 93.40) 80.45(62.45, 96.50) 80.30(65.50, 94.65) 0.002
OC (ng/mL) 14.08(11.10, 16.92) 12.36(9.83, 15.12) 12.48(10.45, 15.27) 1.66(9.30, 15.05) <0.001
PINP (ng/mL) 39.99(30.58, 51.38) 37.82(29.47, 49.53) 38.24(30.41, 46.30) 35.36(27.84, 47.51) 0.037
B-CTX (ng/mL) 0.42(0.30, 0.55) 0.36(0.25, 0.50) 0.37(0.27, 0.50) 0.32(0.24, 0.45) <0.001

disease duration, HDL-C, and LPA ratios decreased with increasing TyG-BMI, with statistically significant differences
(P<0.05). In contrast, P and Mg levels were not statistically different between the Q1-Q4 groups (P>0.05). Compared
with the Q1 group, UA, FT3 and ALP ratios were significantly higher and OC, PINP and p-CTX ratios were lower in the
Q2, Q3 and Q4 groups (Figure 1). The proportion of 25(OH)D3 decreased in the Q4 group compared with the Q1 group.
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Comparison of Correlation Between TyG-BMI and Clinical Indicators

Correlation Between TyG-BMI and Clinical Indicators in All T2DM Patients

T
Q3

TyG-BMI

The results of correlation analysis were shown in the Figure 2, TyG-BMI was positively correlated with Ca (r=0.119,
P<0.001), UA (r=0.279, P<0.001), GFR (r=0.217, P<0.001), LDL-C (r=0.155, P<0.001), HbAlc (r=0.132, P<0.001),
PTH (r=0.092, P=0.002), ALP (r=0.105, P<0.001), and negatively correlated with Age (r=0.255, P<0.001), DM
duration (r=—0.116, P<0.001), HDL-C (r=—0.221, P<0.001), LPA (r=- 0.158, P=0.002), 25(OH)D3 (r=0.078,
P=0.008), OC (r=—0.149, P<0.001), PINP (r=—0.085, P=0.004), and B-CTX (r=—0.150, P<0.001). There was no

correlation with P(r=—0.013, P=0.663) and Mg (r=—0.056, P=0.278) (Figure 2).
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Correlation Between TyG-BMI and Clinical Indicators in Male Patients with T2DM

As shown in the Figure 3, in male patients, TyG-BMI was positively correlated with Ca (r=0.144, P<0.001), UA
(r=0.275, P<0.001), GFR (r=0.232, P<0.001), LDL-C (r=0.211, P<0.001), HbAlc (r=0.126, P=0.001), PTH (r=0.080,
P=0.032), and negatively correlated with Age (r=—0.338, P<0.001), DM duration (r=—0.152, P<0.001), HDL-C (r=
—0.216, P<0.001), LPA (r=—0.192, P=0.003), OC (r=—0.118, P=0.001), PINP (r=—0.086, P=0.021), B-CTX (r=0.124,
P=0.001).There was no correlation with P (r=0.022, P=0.565), Mg (r=—0.023, P=0.726), 25(OH)D3 (r=—0.064,
P=0.085), ALP (1=0.065, P=0.085) (Figure 3).

Correlation Between TyG-BMI and Clinical Indicators in Postmenopausal Women with T2DM

The correlation analysis results were shown in Figure 4, TyG-BMI was positively correlated with UA (r=0.260,
P<0.001), GFR (r=0.159, P=0.016), LDL-C (r=0.097, P=0.045), HbAlc (r=0.154, P=0.002), PTH (r=0.114, P=0.018),
ALP (r=0.205, P<0.001), and negatively correlated with HDL-C (r=—0.202, P<0.001), 25(OH)D3 (r=—0.170, P<0.001),
OC (r=-0.151, P=0.002) and B-CTX (r=—0.166, P=0.001). There was no correlation with Age (r=—0.042, P=0.384), DM
duration (r=—0.044, P=0.424), Ca (r=0.090, P=0.072), P (r=—0.026, P=0.597), Mg (=—0.114, P=0.187), LPA (r=0.088,
P=0.311), PINP (r=—0.042, P=0.387) (Figure 4).

Multiple Linear Regression of TyG-BMI and BTMs

After adjusting for sex, age, disease duration, smoking history, alcohol consumption history, Ca, P, Mg, UA, GFR, HDL-
C, LDL-C, LPA, HbAlc, 25(OH)D3, PTH, and ALP in all patients, male patients, and postmenopausal female patients,
respectively, it was found that in all patients and male patients TyG-BMI was negatively correlated with OC, PINP, and
B-CTX (P<0.05). In postmenopausal female patients, TyG-BMI was negatively correlated with OC and B-CTX (P<0.05),
but not with PINP (P>0.05) (Table 3).
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Subgroup Analysis

0.5

In order to understand whether the association between TyG-BMI and BTMs was stable under different age, disease

duration, BMI, TG and 25 (OH)D3 levels, subgroup analysis was performed in male patients and postmenopausal

women. Taking OC/ PINP/B-CTX as the dependent variable, after adjusting for age, disease duration, smoking history,
drinking history, Ca, P, Mg, UA, GFR, HDL-C, LDL-C, LPA, HbAlc, 25(OH)D3, PTH, and ALP, TyG-BMI had
a stronger negative correlation with BTMs in male T2DM patients with age < 65, duration < 10, BMI>24, TG < 1.7, and

25(0H)D3>20 (P < 0.05) (Table 4).

Table 3 Multiple Linear Correlation Analysis Between TyG-BMI and OC/ PINP/ CTX

B(95% CI) Std.Error | Beta t P

All patients ocC —0.026(—0.039, —0.013) | 0.007 —0.238 -3.871 <0.001
PINP —0.048(—0.087, —0.009) | 0.020 —0.151 —2.431 0.016
B-CTX | —0.001(-0.002, —0.001) | 0.000 —0.251 —4.113 <0.001

Male patients ocC —0.026(—0.042, —0.010) | 0.008 -0.275 -3.278 0.001
PINP —0.063(—0.112, —0.014) | 0.025 —0.211 —2.552 0.012
B-CTX | —0.001(-0.002, 0.000) 0.000 —0.245 -3.072 0.002

postmenopausal women | OC —0.028(—0.053, —0.003) | 0.013 —0.225 —2.233 0.028
PINP —0.006(—0.180, 0.035) 0.036 -0.016 -0.152 0.88
B-CTX | —0.006(—0.078, 0.067) 0.001 —0.379 —4.233 <0.001

Diabetes, Metabolic Syndrome and Obesity 2023:16

https:

Dove!

1441


https://www.dovepress.com
https://www.dovepress.com

Sun et al Dove

Table 4 Subgroup Analysis of the Association of TyG-BMI with OC/PINP/B-CTX

Beta P

Age Age < 65 Male oC -0.271 0.004
PINP —-0.300 0.002

B-CTX -0.237 0.017

Female oC -0.122 0.499

PINP 0.114 0.509

B-CTX —0.064 0.716

Age 2 65 Male ocC —0.260 0.299
PINP 0.149 0.492

B-CTX -0.118 0.575

Female ocC —-0.190 0.148

PINP -0.011 0.933

B-CTX -0.413 0.002
Disease duration disease duration < 10 Male ocC -0.413 <0.001
PINP -0.315 0.005

B-CTX —-0.356 0.002

Female ocC —0.158 0.498

PINP 0.182 0.459

B-CTX -0.371 0.143

disease duration =10 Male OocC -0.130 0.377
PINP —0.174 0.208

B-CTX -0.223 0.094

Female ocC —0.305 0.010

PINP —0.146 0.235

B-CTX -0.275 0.040

BMI BMI< 24 Male OoC 0.064 0.810
PINP 0.249 0.338

B-CTX 0.349 0.143

Female OoC —-0.388 0.132

PINP —-0.383 0.199

B-CTX —0.047 0.840

BMI=24 Male ocC -0.336 0.001
PINP -0.242 0.015

B-CTX —0.264 0.006

Female oC -0.192 0.109

PINP -0.167 0.207

B-CTX -0.262 0.049

TG TG< 1.7 Male ocC —-0.240 0.026
PINP -0.234 0.029

B-CTX -0.215 0.032

Female oC -0.357 0.009

PINP —-0.095 0.478

B-CTX —-0.396 0.008

(Continued)
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Table 4 (Continued).

Beta P
TG=1.7 Male OoC -0.223 0.064
PINP —-0.152 0.178
B-CTX -0.210 0.070
Female OoC -0.025 0.879
PINP 0.015 0.936
B-CTX -0.189 0.237
25(0OH)D3 25(0OH)D3<20 Male oC -0.251 0.039
PINP —0.036 0.758
B-CTX —-0.185 0.112
Female ocC —0.104 0.377
PINP 0.085 0.485
B-CTX -0.234 0.045
25(OH)D3220 Male OocC -0.318 0.012
PINP -0.392 0.002
B-CTX -0.309 0.011
Female OoC -0.170 0.529
PINP —0.066 0.822
B-CTX 0.075 0.801

Discussion

With the aging of the population and the change of lifestyle, the incidence of T2DM combined with osteoporosis is
increasing year by year, which has become a public health problem of close concern.*> Many previous studies have
confirmed that patients with diabetes have a higher risk of osteoporosis and fractures than the general population.®***
Therefore, it is particularly important to screen the risk factors of osteoporosis and fracture in diabetic patients as early as
possible. This study was the first to find an inverse correlation between TyG-BMI and BTMs, suggesting that high TyG-
BMI level impairs bone turnover in T2DM patients. Subgroup analysis according to different clinical indicators showed
that the negative correlation of TyG-BMI with BTMs was more obvious in male patients with BMI>24, age < 65, disease
duration < 10, 25(OH)D3>20, and TG < 1.7. It provides new diagnosis and treatment ideas and evidence for predicting
the occurrence of osteoporosis and fractures in diabetic patients.

Numerous studies have found that T2DM is associated with higher bone mineral density,>>*® but T2DM increases the
risk of fracture.>® The contradiction between increased BMD and increased fracture risk in T2DM patients may be
attributed to decreased bone turnover, changes in bone quality and bone microstructure.>’ Therefore, bone mineral
density alone does not seem to be a comprehensive measure of osteoporosis in patients with diabetes. BMD, the gold
standard of osteoporosis, is easily affected by aortic calcification, degenerative osteoarthrosis, hyperosteoplasia, spinous
process, callus and compression fracture, which may make the measured BMD value deviate from the actual.*® At
present, BTMs is a promising tool for bone metabolism and quality assessment, and its role in osteoporosis and fracture
screening continues to increase.'****° Previous studies have found that bone metabolism is negatively correlated with IR
in people with diabetes and hyperglycemia.*' In addition, another study reported that TyG-BMI was positively correlated
with bone mineral density and geometry, and negatively correlated with fracture risk in middle-aged and elderly Chinese
non-diabetic patients.*” However, the relationship between TyG-BMI and BTMs is still unclear. Therefore, we investi-
gated the correlation between TyG-BMI and BTMs to explore the predictive value of TyG-BMI for osteoporosis and
fracture.

TyG-BMI may contribute to low bone turnover in T2DM patients through various mechanisms. The hyperglycemic
environment in diabetic patients can inhibit osteoblast differentiation, and inhibit the expression of osteocalcin and other
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genes involved in osteoblast maturation, destroy the balance between bone formation and resorption, inhibit bone
turnover, and lead to an increased risk of fracture.*> Hyperglycemia induces elevated levels of AGEs, which bind to
collagen in bone and interact with the receptor for advanced glycosylation end products (RAGE) on bone cells to produce
inflammatory and oxidative mediators via nuclear factor kB (NF-kB), leading to impaired bone biomechanical properties
and reduced bone mass and increased fracture risk.”® Hyperglycemia and oxidative stress in diabetic patients can affect
the differentiation of mesenchymal stem cells and bone formation through the production of reactive oxygen species
(ROS).*” Although T2DM patients can develop hyperinsulinemia due to insulin resistance, resulting in increased bone
mass, the presence of glycosylated collagen products and reduced cortical thickness result in poorer bone quality and
increased fracture risk.** And with the progression of the disease, the body is relatively deficient in insulin. The relative
lack of insulin leads to the reduction of the binding of insulin and insulin receptor, and the weakening of the signaling
cascade effect produced by insulin receptor substrate, which affects the proliferation and function of osteoblasts, and
leads to the reduction of osteocalcin synthesis by osteoblasts, leading to poor bone mineralization and finally inhibiting
bone formation.*>*® In addition, insulin-like growth factor 1 (IGF-1) can affect the proliferation and function of
osteoblasts through its receptor, promote the synthesis of bone collagen, reduce collagen degradation, and aggravate
the damage of bone mineralization, and IGF-1 released from the bone matrix can even be fed by over-stimulation
mammalian target of rapamycin (mTOR) stimulates the differentiation of mesenchymal stem cells into osteoblasts,
thereby maintaining bone mass and microstructure.** However, the relative deficiency of IGF-1 in diabetic patients leads
to impaired bone formation.** The levels of proinflammatory cytokines such as TNF and IL-6 are increased in obese and
diabetic patients, which in turn activate osteoclast formation and inhibit osteoblast differentiation.’’

Estrogen is the main hormonal regulator of bone metabolism in both sexes and helps to maintain bone homeostasis.*’
Therefore, in order to exclude as much as possible the differences in estrogen levels between different genders, men and
postmenopausal women were selected as observation subjects in this study. Estrogen deficiency in postmenopausal
women, on the one hand, can lead to bone loss by reducing sulthydryl antioxidants in osteoclasts, sensitize osteoclasts to
osteoclast-generating signals, and cause the expression of inflammatory cytokines, thereby promoting osteoclast bone
resorption. On the other hand, bone formation is inhibited by inhibiting gene expression, proliferation and differentiation
of osteoblasts.*”*® Due to estrogen deficiency in postmenopausal women, the rate of bone remodeling increases and bone
resorption is greater than bone formation, resulting in bone loss.*’ This state can last for more than 10 years after
menopause.*’ Testosterone affects bone metabolism by promoting bone formation and inhibiting bone resorption in
adulthood.”® In conclusion, there may be gender differences in the relationship between TyG-BMI and BTMs due to the
influence of sex hormones. Therefore, this study further analyzed the correlation between TyG-BMI and various clinical
indicators in different genders. It was found that in male T2DM patients, TyG-BMI was negatively correlated with OC,
PINP and B-CTX, while in postmenopausal female T2DM patients, TyG-BMI was only negatively correlated with OC
and B-CTX. There was no correlation with PINP.

In a previous study of 339 postmenopausal women, OC levels were found to be inversely associated with IR.>" In
another study of 108 patients with T2DM in central India, an inverse association was found between OC levels and IR.>
These results are consistent with the present study. OC reflects the active degree of bone formation and metabolism.>
Postmenopausal women are prone to high turnover osteoporosis due to the decrease of estrogen level and the active bone
renewal. Therefore, it is of great significance for the identification, classification and treatment of early osteoporosis by
OC level in clinic. But so far, there are few studies on the relationship between PINP, 3-CTX and IR in postmenopausal
women. In a study of 549 T2DM patients, IR-related markers were not associated with bone turnover markers OC, PINP,
or B-CTX in postmenopausal women.”® The occurrence of such contradictory results may be related to various factors
such as the race, age, region, hormone levels, physical activity, and dietary habits of the studied population.>® Therefore,
a large number of large sample clinical studies or meta-analysis are needed to further confirm. In addition, although OC
and PINP are both markers representing bone formation, TyG-BMI was negatively correlated with OC but not with PINP
in the results of this study. It may be because OC reflects the process of bone formation, but also participates in the
regulation of bone resorption.” It is released during bone formation and bone resorption and reflects the overall level of
bone metabolism, while PINP mainly reflects the synthesis rate of type I collagen and bone turnover, which is a specific
and sensitive indicator of new bone formation.”® Combined with the results of the present study, TyG-BMI in
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postmenopausal women was negatively correlated with OC and B-CTX, but not with PINP, indicating that changes in
bone resorption may be greater than bone formation in postmenopausal women.

This study was the first to find that TyG-BMI is negatively correlated with bone turnover markers in T2DM patients,
suggesting that high TyG-BMI levels impaired bone turnover in T2DM patients. Therefore, by monitoring patients’ TyG-
BMI levels, it is helpful to screen and assess the risk of osteoporosis and fracture in T2DM patients, which is crucial to
reduce the high incidence of osteoporosis and fracture and the high lethality rate. Moreover, compared with dual energy
X-ray absorptiometry (DXA) scans and other screening tests for osteoporosis and fracture, TyG-BMI is easy to obtain
and economically inexpensive, and can be widely used in clinical practice. However, this study has some limitations.
First, because this study was a retrospective study, there were limitations in data collection that could not take into
account the effect of patients’ lifestyle, such as exercise, diet, and medication application, on the outcome, and did not
include healthy subjects and follow-up data to clarify the causal relationship between the two. Further prospective studies
may be needed in the future to analyze their longitudinal correlation. Second, this study was from single-center data, so
there were some limitations. Third, in this study, we only compared the relationship between TyG-BMI and BTMs to
predict the risk of osteoporosis in T2DM population, and did not compare bone mineral density. In future studies, we
should pay attention to the inclusion of patients’ bone mineral density for comprehensive analysis.

Conclusions

This study found that TyG-BMI is negatively correlated with BTMs in T2DM patients, indicating that high TyG-BMI can
lead to impaired bone turnover and can be used to evaluate the risk of osteoporosis and fragility fracture in T2DM
patients.
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