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Abstract: Triglyceride-glucose (TyG) index is a substitute index for insulin resistance, and has been 
reported to be associated with many diseases, such as myocardial infarction, stroke, hypertension, and 
depression, while its association with osteoporosis has not been reported. Therefore, this study aims to 
explore the association between TyG index and osteoporosis. This was a cross-sectional study, and data 
were extracted from the National Health and Nutrition Examination Survey (NHANES). The association 
between TyG index and osteoporosis was assessed using logistic regression analysis, and results were 
shown as odds ratio (OR) and 95% confidence intervals (95%CI). Subgroup analysis was also performed 
based on age, BMI, and diabetes. A total of 4,351 participants were finally included, with 2,149 female 
and 2,202 male. After adjusting potential confounders, we found that higher level of TyG index was 
significantly associated with higher odds of osteoporosis in female with BMI > 30 kg/m2 (OR = 1.88, 
95%CI: 1.10-3.19). Moreover, TyG index was associated with osteoporosis in male with age < 65 years 
(OR = 2.16, 95%CI: 1.13-4.13), with BMI < 25 kg/m2 (OR = 1.86, 95%CI: 1.01-3.42), or without 
diabetes (OR = 2.24, 95%CI: 1.26-3.97). High TyG index was associated with the high odds of 
osteoporosis in male with age < 65 years, with BMI < 25 kg/m2, or without diabetes, and in female with 
BMI > 30 kg/m2. Future studies are needed to verify our findings. 
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1. Introduction 

Osteoporosis is a bone metabolic disease characterized by low bone mineral density (BMD) and 
decreased bone strength, which leads to an increased risk of fracture [1]. With the aging of population, 
the prevalence of osteoporosis is gradually increasing, especially in the population over 50 years old [2]. 
The prevalence is different between man and women, with 13% higher in women than that of men [2]. 

Insulin resistance has been reported to be associated with osteoporosis [3]. In insulin resistant states, 
insulin signaling in vivo leads to expansion of bone marrow adipose tissue, decreases trabecular BMD, 
and decreases cortical thickness [4]. Hyperinsulinemic normoglycemic clamp (HIEC) is considered as 
the gold standard to evaluate insulin resistance because it measures the sensitivity of peripheral tissue to 
insulin [5]. However, due to its complexity and cost, this technique has not been widely applied in the 
clinic [6]. Alternatively, homeostasis model assessment of insulin resistance (HOMA-IR) is a common 
method used to assess insulin resistance in clinical practice and has a good correlation with HIEC [7]. 
However, when calculating HOMA-IR, it is necessary to measure fasting insulin, which may be difficult 
to obtain in some primary medical institutions [6]. In 2008, triglyceride-glucose (TyG) index is firstly 
reported as a substitute index for insulin resistance, and is not dependent on fasting insulin levels [8]. 
TyG index has been proven to be comparable to the accuracy of HIEC and HOMA-IR for insulin 
resistance [9, 10]. Previous studies have reported that TyG index was associated with myocardial 
infarction, stroke, hypertension, and depression [11-14], while the association between TyG index and 
osteoporosis has not been reported.  

Evidence has shown that the association between insulin resistance and osteoporosis may be affected 
by age, gender, body mass index (BMI), and diabetes [4, 15-17]. Studies have showed that insulin 
resistance is related to the decrease of BMD in middle-aged women and people without diabetes, and the 
effect of insulin resistance on BMD is differential according to gender and BMI [4, 15]. In patients with 
type 2 diabetes mellitus (T2DM), high degree of insulin resistance is significantly associated with an 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 2: 43-48, DOI: 10.25236/FMSR.2024.060208 

Published by Francis Academic Press, UK 
-44- 

increased risk of osteoporosis in female, but not in male [16]. A community study on nondiabetic older 
adults shows that the increase of insulin resistance is associated with high total hip BMD, but this 
association is no longer significant after adjusting BMI [17]. 

Therefore, this study aims to explore the association between TyG index and osteoporosis in female 
and male. Subgroup analysis was also performed based on age, BMI, and diabetes. 

2. Methods 

2.1 Study design and data source 

This was a cross-sectional study based on the data extracting from the National Health and Nutrition 
Examination Survey (NHANES). NHANES aimed to assess American adults’ and children’s health and 
nutritional status, and used a complex, multistage, probability sampling design to examine a nationally 
representative sample of about 5,000 persons each year. The survey combined interviews and physical 
examinations, and conducted in a repeated 2-year cycle. The National Center for Health Statistics 
Research Ethics Review Board approved NHANES procedures and protocols annually, and all 
participants have provided written informed consent at the time of survey [18]. We used 2005-2018 data, 
of these, BMD measurement was not recorded in NHANES in 2011-2012 and 2015-2016; therefore, five 
cycles data (2005-2006, 2007-2008, 2009-2010, 2013-2014, and 2017-2018) were used for analysis [19]. 
Due to NHANES data were publicly available and de-identifiable, this study was exempt from ethical 
review from Institutional Review Board of Zhuji People's Hospital. 

2.2 Study population 

Participants who aged ≥ 50 years old were included in this study, and those who with incomplete data 
on BMD measurement and missing data on triglycerides (TG) and fasting blood glucose (FBG) were 
excluded.  

2.3 Data extraction 

We used data based on demographic characteristics [gender, age, race, marital status, educational 
level, drinking status, smoking status, hip fracture, poverty-to-income ratio (PIR)], physical examination 
(BMI), laboratory values [TG, FBG, low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), and total cholesterol (TC)], physical activity, comorbidities [diabetes, 
hypertension, and cardiovascular diseases (CVD)], drug use (lipid-lowering drugs, osteoporosis drugs, 
and glucocorticoid), dietary intake (vitamin D, total energy, calcium), BMD measurement (Total femur 
BMD and femoral neck BMD), and menopause status. 

BMI was not self-reported, and calculated as body weight (kg)/height (m)2 [20]. Diabetes was 
determined by self-reported diagnosis, self-reported use of insulin or other diabetes medication, and 
laboratory examination [FBG ≥ 7.0 mmol/L or glycated hemoglobin (HbA1c) ≥ 6.5%] [21]. 
Hypertension was determined by self-reported diagnosis, systolic blood pressure (SBP) ≥ 140 mm Hg or 
diastolic blood pressure (DBP) ≥ 90 mm Hg, and receiving antihypertensive treatment [22]. CVD was a 
composite of 5 self-reported CVD outcomes, which included coronary heart disease, congestive heart 
failure, stroke, angina, and heart attack [23]. Women were categorized as postmenopausal if they 
answered “menopause” to “What is the reason that you have not had a period in the past 12 months?” 

2.4 Osteoporosis and TyG index 

BMD was measured using dual-energy X-ray absorptiometry (DXA). BMD at the femur neck and 
total femur was utilized to calculate the T-score (respondent’s BMD-reference group mean 
BMD)/reference group standard deviation (SD). Non-Hispanic White women aged 20-29 years from 
NHANES III was regarded as the reference group [24]. Osteoporosis was diagnosed as T-score ≤ -2.5 in 
the femur neck or total femur or trochanter or intertrochanter. 

TyG index was calculated as ln [fasting TG (mg/dL) × FBG (mg/dL)/2] [25]. 

2.5 Statistical analysis 

Data in this study were weighted using appropriate sample weights provided by NHANES to account 
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for complex sampling design of NHANES. Continuous data were represented as mean (standard error) 
(S.E), and intergroup differences were compared using t test. Counting data were represented as number 
and percentage [n (%)], and intergroup differences were compared using chi-squared test. Missing data 
were processed using multiple imputation. Univariate and multivariate logistic regression analysis was 
used to assess the association between TyG index and osteoporosis, with results shown as odds ratio (OR) 
and 95% confidence intervals (95%CI). Model 1 was unadjusted model; Model 2 adjusted age, BMI, 
osteoporosis drugs; Model 3 adjusted age, BMI, osteoporosis drugs, education level, marital status, hip 
fracture, PIR, hypertension, CVD, glucocorticoid, energy, postmenopausal status for female and adjusted 
age, BMI, osteoporosis drugs, race, marital status, drinking for male. Subgroup analysis based on age, 
BMI, and diabetes was also performed to explore the association between TyG index and osteoporosis. 
The results were visualized using “visreg” package in R (version 4.2.0, R Foundation for Statistical 
Computing, Vienna, Austria). Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA) and R version 4.2.0. P < 0.05 was considered to be statistical significance. 

3. Results 

3.1 Selection and characteristics of participants 

A total of 11,952 participants aged ≥ 50 years were extracted from the NHANES. Of these, 2,585 
participants with incomplete data on BMD measurement and 5,016 participants missing data on TG and 
FBG were excluded. In the remaining 4,351 participants, there were 2,149 female (451 participants with 
osteoporosis and 1698 participants with non-osteoporosis) and 2,202 male (139 participants with 
osteoporosis and 2063 with non-osteoporosis). It shows that age, race, marital status, education level, hip 
fracture, BMI, TG, FBG, physical activity, diabetes, CVD, glucocorticoid, calcium, total femur BMD, 
femoral neck BMD, and postmenopausal status were statistically different between osteoporosis group 
and non-osteoporosis group in female. Age, race, education level, drinking, BMI, total energy, total femur 
BMD, and femoral neck BMD were statistically different between osteoporosis group and non-
osteoporosis group in male. 

3.2 Association between TyG index and osteoporosis 

It shows that age, marital status, education level, hip fracture, PIR, BMI, hypertension, CVD, 
osteoporosis drugs, glucocorticoid, total energy, and postmenopausal status were significant covariates 
in female, and age, race, marital status, drinking, and BMI were significant covariates in male. In the 
unadjusted model, we found that there was no statistical difference in the association between TyG index 
and osteoporosis in female and male (both P > 0.05). After adjusting age, BMI, and osteoporosis drugs, 
the results were similar (both P > 0.05). Further adjusting education level, marital status, hip fracture, 
PIR, hypertension, CVD, glucocorticoid, energy, and postmenopausal status, we found higher TyG index 
was associated with higher odds of osteoporosis despite no statistical difference in female (OR = 1.13, 
95%CI: 0.84-1.53, P = 0.401) and male (OR = 1.21, 95%CI: 0.72-2.04, P = 0.456).  

3.3 Subgroup analysis based on age, BMI, and diabetes for the association between TyG index and 
osteoporosis 

It shows that the association between TyG index and osteoporosis may be affected by age, BMI, and 
diabetes. In female, we found that higher degree of TyG index was significantly associated with higher 
odds of osteoporosis in participants with BMI > 30 kg/m2 (OR = 1.88, 95%CI: 1.10-3.19) in Model 3. In 
male, we found the positive association between TyG index and osteoporosis in participants with age < 
65 years (OR = 2.16, 95%CI: 1.13-4.13), with BMI < 25 kg/m2 (OR = 1.86, 95%CI: 1.01-3.42), or 
without diabetes (OR = 2.24, 95%CI: 1.26-3.97) in Model 3. 

4. Discussion 

In this national representative cross-sectional study, the association between TyG index and 
osteoporosis was assessed. The main finding of this study is that high level of TyG was associated with 
high odds of osteoporosis in male with age < 65 years, with BMI < 25 kg/m2, or without diabetes. The 
similar result was found in female with BMI > 30 kg/m2. To our best knowledge, this study is the first of 
the relationship of TyG index to the osteoporosis. 
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A previous study has reported that insulin resistance was associated with age, and it increased with 
the increase of age [26]. In addition, age is the main determinants for the risk of osteoporosis and related 
fragile fractures [27]. A nationwide and multicenter study in China showed that the prevalence of 
osteoporosis significantly increases as age increases in both male and female after 55 years old [28]. Our 
results showed that TyG index was significantly associated with the higher odds of osteoporosis in male 
with age < 65 years, indicating that insulin resistance may affect the osteoporosis. There are several 
mechanisms may account for this. First, levels of proinflammatory cytokines, such as interleukin-6 (IL-
6) and tumor necrosis factor α (TNF-α), are increased in insulin-resistant subjects and may induce bone 
loss by stimulating osteoclast activity [29-31]. Second, considering that various blood lipid levels have 
been proven to be related to BMD, changes in lipid levels in insulin-resistant subjects may also affect 
bone health [32, 33]. In addition to the possible indirect mechanisms mentioned above, insulin resistance 
may also directly affect bone mass [34]. Insulin resistance may impair osteoblastic insulin signaling, 
leading to a decrease in osteoblast proliferation and resulting in osteoporosis [34]. In participants with 
age ≥ 65 years, we found no significance between TyG index and osteoporosis. This may be explained 
by that subjects over 65 years old are more likely to suffer from osteoporosis [35], which may weaken 
the relationship between insulin resistance and osteoporosis. 

Low BMI has been reported as an indicator for osteoporosis and its related fractures [36]. Alay et al. 
have reported that BMI level was significantly lower in the osteoporosis patients [37]. Patients with high 
BMI may experience a significant increase in insulin resistance [38]. Chen et al. found that the risk of 
insulin resistance increased with increasing BMI, indicating that high BMI was a risk factor for insulin 
resistance [39]. In this study, we found the association between TyG index and osteoporosis in male with 
BMI < 25 kg/m2. This finding indicated that clinicians should pay more attention to insulin resistance in 
male with BMI < 25 kg/m2. We also found the similar association in female with BMI > 30 kg/m2. This 
may be explained by that the increase in fat mass in insulin-resistant subjects may affect BMD because 
it is well known that fat mass affect bone as a main weight-bearing component and as a metabolic active 
organ [40].  

Diabetes has been recognized to be independently associated with the risk of fragile fractures [41]. 
Hyperglycemia plays an important role during the bone metabolism damage in diabetes patients, resulting 
in a decrease in bone strength [42]. A study showed that the risk of osteoporosis increased with increasing 
glycosylated hemoglobin (HbA1c) level in newly diagnosed diabetes, which implied that increase of 
glucose level could impair bone metabolism even in the early stage of diabetes [43]. Hyperglycemia and 
its associated hyperosmolarity could also inhibit the expression of osteoblast maturation-related genes 
[44]. Hyperglycemia led to calcium homeostasis imbalance via suppressing the bone formation and 
accelerating bone resorption, and it was also demonstrated that high glucose may induce increased 
osteoblast apoptosis [43]. Our results showed that there was no significant difference in the association 
between TyG index and osteoporosis in diabetes. This may be explained by that the level of insulin 
resistance was high in diabetes patients that effect of changes in insulin resistance level on osteoporosis 
may be relatively small [45]. Yoon et al. have found the association between TyG index and reduced 
BMD [15]. In this study, the results demonstrated that the TyG index was an influencing factor of 
osteoporosis in patients without diabetes. Monitoring this index in patients without diabetes may help 
reduce the odds of osteoporosis and resultant healthcare burdens.  

Our study showcases the initial evidence of an association between TyG index and osteoporosis, 
which may provide several guidance for the management of osteoporosis. However, there are some 
limitations in this study. This is a cross-sectional study, which is difficult to infer causal relationships. 
Second, some possible confounders, such as drug use and comorbidities, have been adjusted; however, 
factors such as disease course and drug dose are difficult to obtain due to the limitation of the database. 
Third, due to DXA examination sites are different in every NHANES survey years, this study selected 
BMD of total femur and femur neck to diagnose the osteoporosis, which may underestimate the 
prevalence rate. 

5. Conclusion 

In conclusion, high TyG index was associated with the high odds of osteoporosis in male with age < 
65 years, with BMI < 25 kg/m2, or without diabetes, and in female with BMI > 30 kg/m2. Those 
population with a higher TyG index should be aware of the following odds of osteoporosis, so as to take 
intervention measures in time. Future studies are needed to verify our findings and elucidate the exact 
mechanisms underlying the association between TyG index and osteoporosis. 
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