
O R I G I N A L  R E S E A R C H

Triglyceride Glucose Index is Strongly Associated 
with a Fragility Fracture in Postmenopausal Elderly 
Females with Type 2 Diabetes Mellitus Combined 
with Osteoporosis: A 6-Year Follow-Up Study
Jiangmei Pan1,2,*, Xiuxian Huang1,*, Qiu Wang1,*, Jingxia Sun1,*, Zhenwei Zhai1,*, Jiacheng Mo 3, 
Jianhao Huang1, Wensheng Lu 1

1Department of Endocrinology and Metabolism, Guangxi Academy of Medical Sciences and the People’s Hospital of Guangxi Zhuang Autonomous 
Region, Nanning, Guangxi, 530021, People’s Republic of China; 2Youjiang Medical University for Nationalities, Baise, Guangxi, 533000, People’s 
Republic of China; 3Information Network Center of Guangxi Academy of Medical Sciences and the People’s Hospital of Guangxi Zhuang Autonomous 
Region, Nanning, Guangxi, 530021, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Wensheng Lu, Email Lwswxqz@163.com 

Purpose: The triglyceride glucose (TyG) index serves as an indicator of insulin resistance (IR), which is also associated with bone 
metabolism. However, research on the relationship between the TyG index and a fragility fracture in individuals with type 2 diabetes 
mellitus (T2DM) or osteoporosis (OP) remains sparse. This study aims to explore the association between the TyG index and fragility 
fracture risk in postmenopausal elderly females with T2DM combined with OP based on an ambispective cohort study.
Patients and Methods: A total of 220 postmenopausal women hospitalized with T2DM combined with OP between January 2015 
and December 2020 were eligible for inclusion in this study. All participants were followed up every 6 months for 6 years with 
a median of 42 months. According to the tertiles of the TyG index, participants were divided into three groups: low-level (≤ 8.79, 
n =73), moderate-level (8.80–9.32, n=73), and high-level (≥ 9.33, n=74). The association between the TyG index and fragility fracture 
risk was then assessed.
Results: Out of 220 patients, 46 experienced fragility fracture events (20.9%). Multivariate Cox regression analysis showed that the 
TyG index was positively associated with a fragility fracture in postmenopausal women with T2DM combined with OP. Furthermore, 
compared to the low-level group, with the TyG index level increase by 1.0, the risk for fragility fracture increased 1.293-fold in the 
high-level group (HR=2.293, 95% CI=1.007–5.221, P < 0.05). Kaplan-Meier survival analysis indicated that fragility fractures were 
more likely to occur in patients with high levels of TyG index (log-rank, all P < 0.05).
Conclusion: Our study showed that the TyG index was strongly associated with a fragility fracture in postmenopausal women with 
T2DM combined with OP. Therefore, special attention should be paid to postmenopausal elderly females with T2DM combined with 
OP in routine clinical practice.
Keywords: type 2 diabetes mellitus, osteoporosis, triglyceride glucose index, fragility fracture

Introduction
Globally, the quickly climbing prevalence of diabetes has brought stern challenges, of which 96% are from T2DM.1 In 
China, the prevalence of T2DM is as high as 12.8%.2 OP is a systemic metabolic bone disease characterized by decreased 
bone mass and destruction of bone microstructure, causing increased bone fragility and susceptibility to fracture.3 OP has 
been regarded as one of the metabolic disorder outcomes of T2DM. The prevalence of OP was 10.6% in the general 
population and 16.9% in diabetic patients, according to a large-scale cross-sectional population survey conducted in 
China.4 Several studies indicated that compared to non-diabetic individuals, patients with T2DM had a 66% greater risk 
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of fracture.5 Fragility fracture, characterized by increased morbidity, disability, and mortality, is a severe clinical adverse 
event in patients with T2DM accompanying OP,6 which gravely impaired the quality of life and put a heavy financial and 
mental burden on sufferers, especially in the elderly. Therefore, the topic discussed in this study is crucial for early 
identification and timely intervention of high-risk fracture populations to reduce fragility fracture events.

The gold standard for identifying insulin resistance is the hyperinsulinaemic-euglycaemic clamp (HIEC). This 
strategy is inappropriate for routine clinical practices due to its complexity and cost.7 The most frequently used 
alternative IR indicator is the homeostasis model assessment of IR (HOMA-IR). However, it is of limited use to those 
who are insulin-treated or whose beta-cells are dysfunctional. Latterly, it has been shown that the triglyceride glucose 
(TyG) index formulated by Ln [fasting triglycerides (mg/dL) × fasting blood glucose (mg/dL)/2] can accurately assess IR 
as an alternative indicator to HOMA-IR, a typical predictor of this condition.8,9 Previous studies showed that TyG index 
is associated with adverse cardiovascular outcomes, such as major adverse cardiovascular events (MACE), all-cause 
mortality,10 non-alcoholic fatty liver disease (MAFLD),11 subclinical left ventricular systolic dysfunction,12 and meta-
bolic syndrome.13 Significant IR situations in patients with T2DM may impair bone mineral density (BMD).14 The risk 
of OP increases with the level of IR in female T2DM patients.15 TyG index measurements of the IR in postmenopausal 
female elderly and older non-diabetic men aged ≥ 50 showed a negative correlation with femoral neck BMD.16

However, rather than focusing on specific fracture risk populations, past research has typically found that the TyG 
index and bone metabolism are related to general and non-diabetes people. To date, no study has been found on the 
association of the TyG index with fragility fracture. This study aimed to explore the association between the TyG index 
and fragility fracture risk in the postmenopausal female elderly with T2DM combined with OP based on an ambispective 
cohort study for the first time.

Materials and Methods
Subjects
A total of 220 postmenopausal women hospitalized with T2DM combined with OP between January 2015 and 
December 2020 were eligible for inclusion in this study. All participants were followed up every 6 months for 6 years 
with a median of 42 months. According to the tertiles of the TyG index, participants were divided into three groups: low- 
level (≤ 8.79, n=73), moderate-level (8.80–9.32, n=73), and high-level (≥ 9.33, n=74). The inclusion criteria were as 
follows: (1) diabetes was diagnosed according to the 1999 World Health Organization (WHO) criteria;17 (2) OP was 
diagnosed according to the 2014 National Bone Health Alliance Working Group criteria.18,19 Exclusion criteria were as 
follows: (1) non-premenopausal women; (2) patients who have used oral hormone treatment or anti-OP medications for 
a long time (more than 6 months), both of which may impact bone metabolism; (3) individuals with chronic conditions 
that influence bone metabolism, such as aberrant thyroid function, rheumatoid arthritis, systemic lupus erythematosus, 
dry syndrome, malignant tumors, and other conditions that affect BMD; (4) patients with bedridden conditions, severe 
infections, severe heart failure, lung disease, and hepatorenal insufficiency; (5) lost to follow-up, missing hospitalization 
data, and a follow-up time of less than a year. All patients agreed to participate in this study and signed written informed 
consent. The Declaration of Helsinki’s principles were followed. The Guangxi Academy of Medical Sciences and 
Guangxi People’s Hospital’s Ethics Committee approved this trial’s conduct.

Data Collection
The data, which included demographic, anthropometric, laboratory biochemical indicators, and BMD based on hospi-
talization medical records, were collected and analyzed anonymously. Only data from the initial hospitalization were 
included for individuals with multiple hospital admissions over the study period. According to the tertiles of the TyG 
index, subjects were placed into three groups: low-level (≤ 8.79), moderate-level (8.80–9.32), and high-level (≥ 9.33). 
Information about a fragility fracture endpoint event was acquired through outpatient services, a review of hospitalization 
records, the WeChat app, and telephone interviews. Every six months for six years with a median of 42 months, all 
individuals were followed up.
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Related Definitions
The relevant definitions in this study were as follows: (1) the endpoint event referred to a fragility fracture acquired through 
outpatient services, the WeChat app, and telephone interviews; (2) TyG index=Ln [fasting triglycerides (mg/dL) × fasting 
blood glucose (mg/dL)/2] was classified by low-level (≤ 8.79, n=73), moderate-level (8.80–9.32, n=73), and high-level (≥ 
9.33, n=74); (3) BMD of lumbar vertebrae L1-4 and left femoral neck was measured by dual-energy X-ray absorptiometry, 
with classified by T values <− 2.5, − 2.5≤T≤− 1.0, and ≥ − 1.0 defined as OP, osteopenia, and average bone mass, 
respectively; (4) aged ≥ 60 defined as an elderly individual; (5) Population attributable risk percentage (PAR%) was 
calculated following the formula: PAR% = Pe (RR-1) / [Pe (RR-1) + 1]. Pe represents the percentage of the population with 
a given level of TyG index.

Statistical Analyses
The mean (±SD) was used to express variables with normal distributions, and the median (interquartile ranges) was used 
to express variables with non-normal distributions. Discontinuous variables are represented as frequencies. Normal 
distribution test using Shapiro Wilk method. The normal distribution continuous variable group comparison was tested 
using analysis of variance. In contrast, a non-normal distribution was tested using Kruskal Wallis H. Categorical 
variables were compared between groups using the Chi-squared test. The univariate Cox regression analysis was initially 
used to identify the risk factors for a fragility fracture endpoint event. Then the factors with P < 0.1 in the univariate 
analysis were enrolled into the multivariate Cox regression analysis. We used tolerance and variance inflation factors to 
detect multicollinearity between variables. If the tolerance is less than 0.1 or the variance inflation factor is greater than 
10, it indicates the existence of collinearity. In this study, the tolerance was greater than 0.1, the variance inflation factor 
was less than 10. So, there was no multicollinearity between variables. Then, three multivariate regression models were 
built and used to gradually adjust for potential confounding factors for a fragility fracture endpoint event. The model 
I was adjusted for none. Model II was additionally adjusted for age and duration of diabetes with Model I. Model III was 
further adjusted for hypertension, BMI, TC, and fracture history with Model II. Kaplan-Meier survival curve analysis and 
Log rank test were used to evaluate the fragility fracture risk in patients with T2DM combined with OP. The statistical 
package SPSS 26.0 was used to conduct the data analysis. P < 0.05 was adopted as the statistical significance level.

Results
Baseline Characteristics
The baseline characteristics are shown in Table 1. A total of 220 patients with T2DM combined with OP were enrolled in 
this study. The average age was 73 years old (67.25, 77.00). Among them, 73 individuals (33.18%) had a low-level TyG 
index (≤ 8.79), 73 (33.18%) with moderate-level TyG index (8.80–9.32), and 74 (33.64%) with high-level TyG index (≥ 
9.33). There were no significant differences in age, gender, duration of diabetes, hypertension, fracture history, body mass 
index (BMI), serum albumin (ALB), creatinine (Cr), uric acid (UA), lumbar spine bone mineral density (LS BMD), 
femoral neck bone mineral density (FN BMD), total hip bone mineral density (TH BMD), fracture risk assessment for 
major fracture (FRAX MOF), and fracture risk assessment for hip fracture (FRAX HF) (all P > 0.05). However, the three 
groups had significant differences in fasting blood glucose (FPG), total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), TyG index, glycated haemoglobin 
(HbA1c), haemoglobin (Hb), calcium (Ca), and alkaline phosphatase (ALP) (all P < 0.05).

Cox Proportional Hazard Models for Fragility Fracture Risk
The effects of the TyG index on the fragility fracture risk are shown in Table 2. According to the tertiles of the TyG 
index, participants were divided into three groups: low-level (≤ 8.79, n=73), moderate-level (8.80–9.32, n=73), and high- 
level (≥ 9.33, n=74). All participants were followed up every 6 months for 6 years with a median of 42 months. During 
the follow-up period, out of 220 patients, 46 experienced fragility fracture events (20.9%). A univariate Cox regression 
analysis was conducted to identify the factors influencing participant fragility fracture. Next, variables with P<0.1 in 
univariate Cox regression analysis were included in multivariate Cox regression. In model I (unadjusted), the TyG index 
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was positively correlated with fragility fracture (HR=1.769, 95% CI=1.200–2.607, P=0.004). Model II (Model I with 
adjusted for age and duration of diabetes) (HR=1.999, 95% CI=1.312–3.045, P=0.001) and model III (Model II with 
adjusted for hypertension, BMI, TC, and fracture history) (HR=1.636, 95% CI=1.042–2.570, P=0.033) also demonstrated 
a positive correlation between the TyG index and fragility fracture, respectively. The TyG index was changed into 

Table 1 Baseline Characteristics of the Subjects

Characteristics All (n=220) Low-Level  
(≤8.79, n=73)

Moderate-Level  
(8.79–9.32, n=73)

High-Level  
(≥ 9.32, n=74)

P-value

Age (years) 73 (67.25, 77.00) 73.37±6.64 72.86±6.36 71.68±6.6.32 0.264

Duration of diabetes, (years) 10 (3.00, 15.75) 10 (2.00, 19.50) 10 (4.00, 15.50) 9 (2.00, 14.00) 0.664

Hypertension (n, %) 142 (64.5) 46 (63.0) 50 (68.5) 46 (62.2) 0.685

Fracture history (%) 90 (40.9) 31 (42.5) 29 (39.7) 30 (40.5) 0.942

BMI (kg/m2) 24.47±3.64 23.73 (21.16, 26.20) 24.20 (22.42, 26.95) 24.70 (22.56, 27.09) 0.102

FPG (mmol/L) 7.12 (5.36, 9.57) 5.23 (4.48, 6.06) 7.33 (6.06, 8.82) 10.34 (7.61, 13.35) <0.001*

TC (mmol/L) 4.75 (3.87, 5.57) 4.27 (3.69, 5.13) 4.66 (3.75, 5.54) 5.26 (4.40, 6.16) <0.001*

TG (mmol/L) 1.41 (1.06, 2.05) 1.03 (0.81, 1.24) 1.50 (1.18, 1.85) 2.35 (1.64, 2.79) <0.001*

HDL-C (mmol/L) 1.16 (1.01, 1.36) 1.25 (1.08, 1.48) 1.15 (1.01, 1.33) 1.07 (0.93, 1.24) 0.001*

LDL-C (mmol/L) 2.84 (2.25, 3.46) 2.50 (2.13, 3.00) 3.03 (2.21, 3.51) 3.00 (2.53, 3.89) <0.001*

TyG index 9.12 (8.64, 9.52) 8.46 (8.12, 8.64) 9.11 (8.92, 9.6421) 9.69 (9.48, 10.01) <0.001*

HbA1c (%) 8.00 (6.80, 10.28) 7.10 (6.10, 8.70) 7.70 (7.10, 9.20) 9.95 (8.33, 10.83) <0.001*

Hb (g/L) 124.00 (115.00, 133.00) 121.00 (112.50, 128.50) 124.00 (115.50, 133.00) 128.50 (116.75, 137.25) 0.014*

Ca (mmol/L) 2.26 (2.19, 2.33) 2.22 (2.16, 2.31) 2.27 (2.20, 2.34) 2.27 (2.21, 2.37) 0.012*

ALB (g/L) 37.75 (35.40, 40.68) 37.20 (34.10, 39.50) 38.90 (36.00, 41.30) 37.85 (35.48, 40.48) 0.064

ALP (U/L) 78.50 (62.00, 95.00) 73.00 (55.50, 88.50) 79.00 (62.50, 95.00) 85.00 (70.33, 101.00) 0.009*

Cr (umol/L) 66.00 (57.00, 81.00) 65.00 (58.00, 77.50) 65.00 (57.00, 79.50) 67.50 (53.00, 84.25) 0.899

UA (umol/L) 317.00 (266.25, 387.50) 313.00 (265.50, 381.50) 317.00 (269.00, 390.00) 317.00 (264.00, 389.50) 0.831

LS BMD (g/cm2) 0.687 (0.637, 0.775) 0.682 (0.637, 0.762) 0.693 (0.636, 0.774) 0.690 (0.638, 0.785) 0.786

FN BMD (g/cm2) 0.515±0.084 0.514±0.089 0.517±0.083 0.515±0.081 0.980

TH BMD (g/cm2) 0.648±0.097 0.636±0.094 0.650±0.098 0.658±0.099 0.382

FRAX MOF (%) 11.00 (8.30, 15.00) 11.00 (8.30, 16.00) 11.00 (7.95, 15.00) 11.00 (8.45, 15.00) 0.990

FRAX HF (%) 5.3 (3.23, 8.38) 5.30 (3.20, 8.55) 5.30 (3.25, 8.20) 5.15 (3.30, 8.08) 0.990

Notes: Mean ± standard deviation (SD) and Median (Inter Quartile Range, IQRs) for continuous variables. Percentage (%) for categorical variables. *P < 0.05. 
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high- 
density lipoprotein cholesterol; TyG, triglyceride glucose; HbA1c, glycated haemoglobin; Hb, haemoglobin; Ca, calcium; ALB, serum albumin; ALP, alkaline phosphatase; Cr, 
creatinine; UA, uric acid; LS, lumbar spine; BMD, bone mineral density; FN, femoral neck; TH, total hip; FRAX, fracture risk assessment tool; MOF, major fracture; HF, hip 
fracture.

Table 2 Cox Regression Analysis Evaluating the Association of the TyG Index with the Fragility 
Fracture Risk in the Subjects

Hazard ratio, 95% CI and P values

Model I Model II Model III

TyG index 1.769 (1.200–2.607) 1.999 (1.312–3.045) 1.636 (1.042–2.570)

p values 0.004* 0.001* 0.033*
Low-level (≤8.79) Reference Reference Reference

Moderate-level (8.79–9.32) 2.022 (0.893–4.579) 2.015 (0.890–4.563) 1.831 (0.801–4.187)

p values 0.091 0.093 0.152
High-level (>9.32) 2.880 (1.316–6.303) 3.155 (1.434–6.943) 2.293 (1.007–5.221)

p values 0.008* 0.004* 0.048*

TyG index 1.655 (1.145–2.391) 1.745 (1.2–2.538) 1.479 (1.001–2.184)
p for trend 0.007* 0.004* 0.049*

Notes: Model I: adjusted for none. Model II: Model I with adjusted for age and duration of diabetes. Model III: Model II with 
adjusted for hypertension, BMI, TC and fracture history. *P < 0.05. 
Abbreviations: TyG, the triglyceride glucose; HR, hazard ratio; CI, confidence interval.
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a categorical variable according to the three quantiles, and sensitivity analysis and trend test were used to assess the risk 
of fragility fracture. Similarly, model I (HR=2.880; 95% CI=1.316–6.303; P=0.008), model II (HR=3.155; 95% 
CI=1.434–6.943; P=0.004), and model III (HR=2.293; 95% CI=1.007–5.221; P=0.048) showed that the higher the 
level of the TyG index, the higher the fragility fracture, respectively.

TyG Index and Endpoint Events
The evaluation of the fragility fracture events in the three groups is shown in Figure 1. There was a dose-response 
relationship between the levels of TyG index and the incidence rates of fragility fracture (19.6%, 34.8%, and 45.6% for low- 
level TyG index, moderate-level TyG index, and high-level TyG index, respectively, all P for trend < 0.01). Additionally, the 
population-attributable risk percentage (PAR%) analysis indicated that 10.71% of the fragility fracture endpoint events could 
be attributed to the high-level TyG index (Table 3). The Kaplan-Meier survival curve analysis revealed that compared to the 
low-level TyG index, the moderate-level and high-level TyG indexes were associated positively with the high risk of fragility 
fracture in patients with T2DM combined with OP (log-rank, all P < 0.05) (Figure 2).

Discussion
With the aging of the social population, T2DM combined with OP has snowballed in prevalence year by year. Fragility 
fractures are more common in patients with T2DM combined with OP than in other general populations.20 Fragility 
fracture, characterized by increased morbidity, disability, and mortality, is a severe clinical adverse event in patients with 
T2DM accompanying OP,6 which gravely impaired the quality of life and put a heavy financial and mental burden on 
sufferers, especially in the elderly. To date, research on the relationship between the TyG index and a fragility fracture in 
individuals with T2DM or OP remains sparse. This study aimed to explore the association between the TyG index and 
fragility fracture risk in postmenopausal elderly females with T2DM combined with OP for the first time based on an 
ambispective cohort study. Our study found that the higher the TyG index, the greater the risk of fragility fractures in 
postmenopausal elderly females with T2DM combined with OP.

Figure 1 Comparison of the fragility fracture rate in the three groups. The incidence rates of fragility fracture were related to the levels of the TyG index in a dose-response 
fashion (fragility fracture: 19.6%, 34.8%, and 45.6% for low-level, moderate-level, and high-level of the TyG index, respectively; all P for trend < 0.01).

Table 3 The Population Attributable Risk Percentage (PAR%) Analysis Evaluating TyG Index Contribution Rate to Fragility Fracture 
Endpoint Events

Low-level (TyG Index ≤ 8.79) Moderate-Level (TyG Index: 8.80–9.32) High-Level (TyG Index ≥ 9.33)

Fragility fracture PAR% Reference 5.66 10.71

Notes: Population attributable risk percentage (PAR%) was calculated following the formula: PAR% = Pe (RR-1) / [Pe (RR-1) + 1]. Pe represents the percentage of the 
population with a given level of TyG index.
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T2DM is the most prevalent endocrine disease in clinical practice, with IR as its key pathological feature. Internal 
environmental problems and abnormalities in synthesizing and secretion of a wide range of cytokines also accompany it. 
These affect bone metabolism and cause bone loss and bone microstructure destruction.21 Numerous populations have 
been investigated to explore the association between IR and BMD, but the findings could have been more consistent 
overall. In a cross-sectional investigation of postmenopausal Tunisian women, HOMA-IR correlated positively with total 
hip and left femur BMD.22 According to a study, an increase in HOMA-IR levels was linked to an increase in BMD, 
including 7170 people from the United States.23 Nicola et al.24 Showed that more significant IR is associated with higher 
BMD in non-diabetic older adults.

In contrast to the relationship between T2DM and fragility fracture risk, they did not find consistent evidence that 
more significant IR is associated with increased fracture risk after adjustment for BMI and BMD. Independent of body 
composition considerations, the increase in IR during the pubertal years may be a significant detrimental impact on the 
accretion of LS BMD.25 Additionally, the study discovered that the TyG index has a more significant impact on 
determining IR related to bone metabolism than HOMA-IR.16 According to a cross-sectional study conducted in 
China, women with Type 2 diabetes who have higher levels of insulin resistance have a higher chance of developing 
OP. The two, however, do not necessarily go together.15 These contradictory findings could result from various study 
populations and IR measurement techniques.

Recent research has demonstrated that chronic subclinical inflammation underlies IR.26 Along with playing a role in 
the development and progression of diabetes, chronic inflammation plays a vital role in the pathogenesis of osteoporosis. 
By influencing the remodeling cycle, boosting bone resorption, and reducing bone production, inflammation causes bone 
loss.27 Hip fracture risk was higher in older women with elevated levels of inflammatory markers.28 Evidence shows 
reduced skeletal muscle mass and strength29,30 are fall risk factors for IR. IR raises the risk of fracture by raising the 
likelihood of falling. Gao Y et al’s study31 of 80 elderly T2DM patients also revealed a negative connection between 
serum vitamin D and HOMA-IR. Serum vitamin D stimulates osteoblasts to promote bone formation, inhibiting 
osteoclast apoptosis and promoting osteoclast precursor cell differentiation. These actions contribute to stable blood 
calcium and phosphorus concentrations and bone mineralization.

Additionally, skeletal fragility should be included in the list of type 2 diabetic complications according to 
a substantial body of research. Despite having normal bone mineral density (BMD), type 2 diabetes patients have 
an increased risk of fractures. Although the exact causes of skeletal fragility in diabetes are unknown, they are likely 
multifaceted and involve impacts of obesity, hyperglycemia, oxidative stress, and amassing of advanced glycation end 
products, which affect bone metabolism, structure, and strength. Clinicians should be aware that BMD assessments 
significantly underestimate the risk of fracture in individuals with type 2 diabetes. Although there is a lack of 

Figure 2 Cumulative incidence of fragility fracture by TyG index level. Kaplan-Meier analysis showed a significant positive association between the TyG index and the 
incidence rates of fragility fracture (log-rank, all P < 0.05).
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information regarding the best care of osteoporosis in individuals with type 2 diabetes, doctors should nevertheless 
adhere to the standards for postmenopausal osteoporosis in the absence of contrary evidence.32 In other words, there is 
an urgent clinical need for an indicator that can be combined with BMD to early warn postmenopausal women with 
type 2 diabetes fracture risk.

Given this, the relationship between HOMA-IR and BMD remains unclear. Anyway, in view of the cheapness and 
convenience of the TyG index, it is a general trend for the TyG index to replace HOMA-IR to evaluate the IR of diabetes 
patients. This study showed that during the follow-up period, out of 220 patients, 46 experienced fragility fracture events 
(20.9%). After adjusting for multiple variables, the TyG index was positively associated with a fragility fracture 
(HR=2.293;95% CI=1.007–5.221; P < 0.05) in postmenopausal women with T2DM combined with OP. Furthermore, 
compared to the low-level group, with the TyG index level increase by 1.0, the risk for fragility fracture increased 1.293- 
fold in the high-level group (HR=2.293, 95% CI=1.007–5.221, P =0.048) while the moderate-level group did not. We 
analyzed why the association between moderate-level TyG index and fragility fracture was insignificant in the current study. It 
may be that the high-level TyG index plays a crucial role in a fragility fracture event. The Kaplan-Meier survival analysis 
indicated that fragility fractures were more likely to occur in patients with high levels of TyG index (log-rank, all P < 0.05). 
Obviously, the TyG index is an ideal predictor of fragile fracture endpoint events in postmenopausal elderly females with 
T2DM combined with OP due to its convenience and affordability, even in grassroots hospitals. This result redemonstrated in 
full that the TyG index is a valuable biochemical indicator with potential predictive value for the fragility fracture prognosis of 
patients with T2DM combined with OP and has popularization and application value in clinical practice.

Limitations
There are still some limitations to this study. Firstly, the sample size is limited, and the follow-up time may not be 
adequate. Secondly, this study solely evaluated baseline TyG index values and ignored their variations over time. Thirdly, 
we did not account for additional confounding variables, including daily nutrition and physical exercise. Therefore, the 
conclusion of this study still needs to be confirmed by randomized, double-blind, multicenter, prospective longitudinal 
cohort studies; as we did before, the current ambispective longitudinal cohort study can continue to improve the 
conclusions of this study through long-term continuous follow-up.

Conclusion
The study showed that the TyG index was strongly associated with a fragility fracture in postmenopausal women with 
T2DM combined with OP. For the TyG index level to increase by 1.0, the risk for fragility fracture endpoint event 
increased 1.293-fold in the high-level TyG index situation. Therefore, special attention should be paid to postmenopausal 
elderly females with T2DM combined with OP because they have a higher TyG index level and risk of a fragility fracture 
than other general populations in routine clinical practice.
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