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The association between insulin resistance (IR) and the risk of all-cause mortality and cardiovascular
mortality among osteoarthritis (OA) patients remains uncertain. This study aims to clarify the
correlation between a novel marker of IR, the triglyceride glucose-body mass index (TyG-BMI), and
the risk of all-cause mortality and cardiovascular mortality in OA patients. Data from the National
Health and Nutrition Examination Survey (NHANES) spanning from 1999 to 2020 were analyzed.
Multivariable Cox proportional hazards regression analysis and restricted cubic spline plots were
employed to elucidate the association between the TyG-BMl index and the risk of all-cause mortality
or cardiovascular mortality in OA patients. Additionally, subgroup analysis was conducted to explore
potential interactions and identify populations at elevated risk of mortality. The study cohort
comprised 4097 OA patients who were followed up for a period of 20 years, during which 1197 cases
of all-cause mortality and 329 cases of mortality attributed to cardiovascular disease were recorded.
Our findings revealed a U-shaped nonlinear relationship between the TyG-BMI index and the risk of all-
cause mortality or cardiovascular mortality in OA patients, with the lowest mortality risk thresholds
identified at 282 and 270, respectively. Moreover, surpassing these thresholds was associated with a
3% increase in the risk of all-cause mortality and a 5% increase in the risk of cardiovascular mortality
for every 10-unit increment in TyG-BMI level. Among American OA patients, a U-shaped nonlinear
relationship exists between the TyG-BMI index and the risk of all-cause mortality or cardiovascular
mortality. These findings underscore the significant role of IR in the progression of OA.
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TyG-BMI  Triglyceride glucose-body mass index

NCHS National Center for Health Statistics

Osteoarthritis (OA) stands as the predominant form of chronic arthritis, inflicting pain, joint deformity, and
escalating healthcare expenditures', particularly among the elderly population, affecting an estimated 240 million
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individuals worldwide?*. The etiology of OA is intricate, involving a nexus of genetic, biological, and biomechani-
cal factors'. Recent decades have witnessed a surge in OA prevalence owing to demographic aging and mount-
ing obesity rates?. Notably, mounting evidence underscores that OA patients face heightened susceptibility to
cardiovascular fatalities and all-cause mortality relative to the general populace®”’. Consequently, the pursuit of
prognostic biomarkers for OA to prognosticate and mitigate the long-term mortality risk represents a paramount
endeavor, notably concerning cardiovascular-related mortality events.

Obesity is widely acknowledged as a cardinal risk factor precipitating the onset and progression of OAS.
Historically, mechanical attrition resultant from excess weight, joint overburden, or malformations has been the
predominant explanatory paradigm®®. However, contemporary research posits OA as a multifaceted malady,
implicating diverse factors such as adipose deposition, inflammatory mediators, and insulin resistance (IR) in
the genesis and progression of obesity-associated OA®°. Current scholarship delineates IR and type 2 diabetes
mellitus (T2DM) as independent risk factors expediting OA progression'*-"3. IR denotes a state of diminished
sensitivity and responsivity to insulin action', intricately entwined with aberrations in glucose metabolism, lipid
dysregulation, maladjusted inflammatory cascades, and oxidative stress'*'*. Prolonged IR precipitates pathologi-
cal alterations including the accumulation of inflammatory mediators within joints, cartilaginous degeneration,
osteoporosis, and obesity, thereby fostering OA onset and advancement’. Moreover, the amalgamation of IR and
microinflammation mechanisms has emerged as the predominant explanatory framework for OA*"3. Never-
theless, a lacuna persists in research concerning the potential of IR to prognosticate adverse outcomes such as
all-cause mortality and cardiovascular mortality events among OA patients.

The triglyceride-glucose (TyG) index, serving as a surrogate marker for assessing IR, deviates from traditional
methodologies (e.g., hyperinsulinemic-euglycemic clamp technique and IR steady-state model assessment) by
virtue of its simplicity, cost-effectiveness, and widespread applicability'®. Leveraging this index, a substantial body
of literature posits that amalgamating the TyG index with obesity metrics such as waist-to-height ratio (WtHR),
body mass index (BMI), and waist circumference (WC) markedly enhances the efficacy of IR assessment'”. Not
only does the construction of TyG-BMI bolster assessment precision, but its incorporation of obesity metrics
also enhances the targeting of OA prediction, given obesity’s recognized status as an independent risk factor
for OA. Consequently, employing the TyG-BMI index as a metric for evaluating IR to prognosticate the risk of
all-cause or cardiovascular mortality in OA patients represents a pragmatic approach.

NHANES, a nationally representative cross-sectional survey in the United States, is meticulously crafted
to gauge the health and nutritional status of the American populace. Leveraging the expansive dataset from
NHANES, this study delves into the plausible correlation between the TyG-BMI index and mortality rates among
OA patients. The primary objective is to furnish clinicians with a novel, convenient, and dependable tool, to
discern the prognostic landscape of OA. Grasping the underpinnings of mortality risk factors in OA patients
assumes pivotal significance for efficacious management and timely interventions aimed at enhancing patient
survival rates.

Methods

Study design and data collection

This study employed a retrospective cohort study design, utilizing data extracted from the NHANES spanning
from 1999 to 2020. NHANES, a comprehensive survey program representative of the U.S. population, provides
detailed information accessible at http://www.cdc.gov/nchs/nhanes. Employing a complex, multi-stage, stratified
design, NHANES conducts household interviews and examinations at Mobile Examination Centers (MECs).
The database is meticulously managed and maintained by the National Center for Health Statistics (NCHS).
Prior to participation, written informed consent was obtained from all individuals, with this study receiving
approval from the NCHS Institutional Review Board (IRB). Additional details can be found at https://www.cdc.
gov/nchs/nhanes/irba98.htm. Given NHANES’s provision of a publicly available database containing anonymous
individual information, no further ethical approvals or informed consents were deemed necessary. Furthermore,
the methodologies employed in this study strictly adhere to pertinent guidelines and regulations.

Study population

The study cohort comprised adult participants diagnosed with OA. Exclusion criteria encompassed: (1) individu-
als younger than 20 years old, (2) those lacking a diagnosis of arthritis or diagnosed with other arthritis types,
(3) individuals without hematologic laboratory test or covariate data, (4) those with missing or undisclosed
mortality data, and (5) individuals unable to obtain sample data weights.

Measurement of OA and TyG-BMI index

OA diagnosis was conducted via a questionnaire survey, utilizing questions such as “Has a doctor ever told you
that you have arthritis?” (MCQ160a), with response options of “yes” or “no”, and “What type of arthritis is this?”
(MCQ195; MCQ191; MCQ190), providing options, including rheumatoid arthritis, osteoarthritis, psoriatic
arthritis, etc.

The hematologic laboratory indicators essential for this investigation were sourced from NHANES laboratory
data. NHANES employs automated analyzers to enzymatically measure plasma triglyceride (TG) and fasting
plasma glucose (FPG) levels from fasting blood samples collected from individuals who fasted for a minimum of
8 h but less than 24 h. The TyG-BMI index was calculated using the following formula: BMI = weight (kg)/height
(m?); TyG index =Ln[1/2 fasting glucose (mg/dL) x fasting triglycerides (mg/dL)]; TyG-BMI=TyG index x BML
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Ascertainment of mortality

Mortality rates within the study cohort were established by linking NHANES data with the National Death
Index (NDI) mortality files, accessible through public links as of December 31, 2019. This linkage process was
achieved using probabilistic matching algorithms. Additionally, causes of death were ascertained utilizing the
International Classification of Diseases, Tenth Revision (ICD-10)'3.

Covariates

This study comprehensively incorporated covariates based on independent risk factors associated with OA,
as identified in prior research. These covariates encompass age, sex, race, income-to-poverty ratio, education
level, BMI, diabetes, hypertension, smoking habits, alcohol consumption, and laboratory examinations, aimed
at mitigating confounding bias. Trained interviewers utilized computer-assisted personal interviewing (CAPI)
systems to conduct household and sampled population surveys, gathering demographic factors such as age, sex,
race, income-to-poverty ratio, and education level. Physical measurements were obtained by health technicians
at the Mobile Examination Center (MEC), with BMI calculated as weight (kg) divided by height (m) squared. The
international BMI classification was employed, categorizing individuals as normal weight (BMI: 18.5-24.9 kg/
m?), overweight (BMI: 25-29.9 kg/m?), obese (BMI: 30-39.9 kg/m?), and morbidly obese (BMI>40 kg/m?).

Smoking status was categorized based on participants’ responses to survey questions (SMQ020: ever smoked
100 cigarettes, SMQ040: current smoking status), identifying never smokers, former smokers, and current smok-
ers. Never smokers were defined as individuals who had never smoked 100 cigarettes in their lifetime and cur-
rently do not smoke, while current smokers were those who had smoked 100 or more cigarettes and currently
smoke. Former smokers were individuals who had smoked 100 or more cigarettes but currently do not smoke.
Alcohol consumption was delineated based on self-reported drinking frequency, encompassing heavy, moder-
ate, light, and never drinkers. Heavy drinking was self-reported as consuming >4 or 5 drinks per day, moderate
drinking as <3 drinks per day, light drinking as having consumed alcohol in the past but not in the last year
or< 12 times, and never drinking as never having consumed alcohol.

Diabetes and hypertension status were identified through a combination of questionnaire responses and
laboratory data to ensure accuracy. Questionnaires included queries such as “Has a doctor ever told you that
you have diabetes?”, “Do you take insulin?”, “Do you take oral hypoglycemic drugs?”, or laboratory data such
as fasting blood glucose concentration > 7.0 mmol/L, HbAlc>6.5%, oral glucose tolerance test (OGTT) blood
glucose level > 11.1 mmol/L, etc. Similarly, hypertension diagnosis relied on multiple blood pressure read-
ings > 130/80 mmHg or self-reported diagnoses by a doctor.

Statistical analysis

To ensure the national representativeness of our sample, we applied MEC weights as delineated in the NHANES
weighting guidelines (https://wwwn.cdc.gov/nchs/nhanes/tutorials/weighting.aspx). Continuous variables
are reported as weighted means + standard errors, while categorical variables are presented as frequencies and
weighted proportions. Differences between quartiles (Q1-Q4) of the TyG-BMI index were evaluated using the
chi-square test (for categorical variables) or Kruskal-Wallis test (for continuous variables).

Multivariable Cox proportional hazards regression analysis was conducted to explore the association between
the TyG-BMI index and mortality, adjusting for demographic characteristics (Model 2) and all covariates (Model
3). Hazard ratios (HR) and 95% confidence intervals (CI) were used to quantify these associations. Restricted
cubic splines were employed to depict any potential nonlinear association between the TyG-BMI index and
mortality, enabling visualization of survival risk discrepancies across various TyG-BMI index levels. Threshold
effect analysis was performed to delineate the specific association between the TyG-BMI index and mortality in
a segmented manner and to identify threshold inflection points.

Subgroup analyses were carried out to assess the potential influence of other variables on the relationship
between the TyG-BMI index and mortality, thus validating the robustness of our findings and identifying popu-
lations with survival disadvantages. All p-values were two-sided, with statistical significance set at P <0.05.
Statistical analyses were performed using IBM SPSS Statistics 25.0 and R version 4.3.1.

Ethics approval

All participants provided written informed consent before undergoing the NHANES survey, and the survey
received approval from the NCHS Institutional Review Board (IRB), as detailed at https://www.cdc.gov/nchs/
nhanes/irba98.htm. As NHANES is a publicly available database with anonymized personal information, no
additional ethical approval or informed consent was necessary.

Results

Between 1999 and 2020, NHANES conducted surveys encompassing a cohort of 126130 participants. After
stringent exclusion criteria and data integrity checks, the final study cohort comprised 4097 patients diagnosed
with OA (Fig. 1). The mean age of participants was 64.5+ 14.5 years, with 63.8% being female and 36.2% male.
Table 1 provides a comprehensive overview of baseline characteristics among patients, stratified by quartiles of
the TyG-BMI index, revealing notable between-group disparities (p <0.05) in age, gender, race, BMI, poverty-to-
income ratio, smoking status, alcohol consumption, and diabetes prevalence. Over the ensuing 20-year follow-up
period, encompassing individuals diagnosed with OA, a total of 1197 all-cause deaths and 329 cardiovascular-
related deaths were recorded. Additionally, we assessed the differences in predictive abilities of TyG and TyG-
BMI for mortality in OA patients using ROC curves. As illustrated in Fig. 2, TyG-BMI demonstrates superior
performance compared to TyG in predicting both all-cause and cardiovascular mortality, aligning with findings
from previous studies.
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Figure 1. Selection process for study cohorts.

Cox regression analyses detailed in Table 2 delineate the nuanced associations between the TyG-BMI index
and mortality, considering both continuous variables and quartile groupings. Upon evaluating the TyG-BMI
index as a continuous variable through simple linear models, no consistent findings emerged across the three
covariate-adjusted models. However, upon categorizing the TyG-BMI index into quartiles, individuals with OA
in the second and third quartiles (Q2, Q3) exhibited a reduced risk of all-cause mortality compared to those in
the lowest quartile (Q1), irrespective of adjustment models.

Mlustrated in Fig. 3, restricted cubic spline plots elucidate a U-shaped nonlinear relationship between the
TyG-BMI index in OA patients and both all-cause and cardiovascular mortality (nonlinear P <0.05), adjust-
ing for all covariates. Beyond a TyG-BMI index threshold of 282, heightened TyG-BMI levels were associated
with elevated all-cause mortality risk in OA patients. Specifically, with every 10-unit increment in TyG-BMI
level, there was a 3% rise in all-cause mortality risk (95% CI 2-5%, p <0.001). Conversely, below this threshold,
mortality risk displayed an inverse correlation with TyG-BMI level (HR =0.995, 95% CI 0.994-0.997, p <0.001,
Table 3). Analogous U-shaped relationships were observed concerning TyG-BMI and cardiovascular mortality,
with the lowest risk threshold identified at 270. Cardiovascular mortality risk exhibited a 4 and 5% alteration
per 10-unit change in TyG-BMI level before and after the threshold, respectively. Additionally, from Fig. 3, it
is visually discernible that upon reaching a TyG-BMI index level of 600, all-cause mortality risk in OA patients
escalated up to fivefold, while cardiovascular mortality risk surged nearly tenfold compared to the threshold level.

Subgroup analyses scrutinized the impact of additional covariates on the TyG-BMI index’s association with
mortality. Dichotomizing the TyG-BMI index based on the lowest risk threshold level, OA patients with higher
TyG-BMI index values demonstrated a protective effect against all-cause mortality risk (HR=0.77, 95% CI
0.68-0.87, Fig. 4) relative to those with lower TyG-BMI index levels (all-cause mortality < 282, cardiovascular
mortality < 270). Furthermore, the presence of diabetes influenced this association (p for interaction=0.021),
with a more pronounced protective effect observed among non-diabetic patients. OA patients with diabetes
symptoms exhibited a heightened survival disadvantage compared to those without diagnosed diabetes.

Discussion

The research conducted reveals a U-shaped nonlinear relationship between TyG-BMI levels and all-cause or
cardiovascular mortality in patients with OA. The findings suggest that the lowest risk of death occurs at the
inflection point of 282 and 270 TyG-BMI levels. When the TyG-BMI level exceeds the minimum risk threshold,
there is a subsequent increase in the risk of all-cause mortality by 3% (95% CI 2-5%, p <0.001) and cardiovascular
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Quartiles of TyG-BMI index
Study variables Total (n=4097) Q1<223 (n=1025) Q2:223-262 (n=1024) Q3:262-310 (n=1024) Q4>310 (n=1024) p value
Age, years 64.45+13.48 65.91+14.56 65.97+13.32 65.36+£12.91 60.56+12.29 <0.001
Sex <0.001
Female 2613 (63.78%) 691 (67.41%) 586 (57.23%) 627 (61.23%) 709 (69.24%)
Male 1484 (36.22%) 334 (32.59%) 438 (42.77%) 397 (38.77%) 315 (30.76%)
Race <0.001
Mexican 341 (8.32%) 50 (4.88%) 83 (8.11%) 98 (9.57%) 110 (10.74%)
Hispanic 217 (5.30%) 45 (4.39%) 52 (5.08%) 60 (5.86%) 60 (5.86%)
Non-hispanic white 2737 (66.80%) 748 (72.98%) 725 (70.80%) 666 (65.04%) 598 (58.40%)
Non-hispanic black 570 (13.91%) 116 (11.32%) 106 (10.35%) 140 (13.67%) 208 (20.31%)
Other/multiracial 232 (5.66%) 66 (6.44%) 58 (5.66%) 60 (5.86%) 48 (4.69%)
BMI, kg/mZ 30.49+7.40 23.10+£2.39 27.52+1.91 31.24+2.37 40.10£6.93 <0.001
Education level 0.17
High school and above 3192 (77.91%) 817 (79.71%) 803 (78.42%) 775 (75.68%) 797 (77.83%)
ﬁ‘gla"e“ded high 905 (22.09%) 208 (20.29%) 221 (21.58%) 249 (24.32%) 227 (22.17%)
Poverty-to-income ratio <0.001
Poor (1) 598 (14.60%) 130 (12.68%) 128 (12.50%) 135 (13.18%) 205 (20.02%)
Not poor (>1) 3499 (85.40%) 895 (87.32%) 896 (87.50%) 889 (86.82%) 819 (79.98%)
Smoking status 0.005
Never 3050 (74.44%) 720 (70.24%) 786 (76.76%) 780 (76.17%) 764 (74.61%)
Former 124 (3.03%) 28 (2.73%) 32 (3.12%) 35 (3.42%) 29 (2.83%)
Current smoker 923 (22.53%) 277 (27.02%) 206 (20.12%) 209 (20.41%) 231 (22.56%)
Alcohol use 0.015
Never 1156 (28.22%) 260 (25.37%) 300 (29.30%) 315 (30.76%) 281 (27.44%)
Mild 714 (17.43%) 174 (16.98%) 158 (15.43%) 177 (17.29%) 205 (20.02%)
Moderate 632 (15.43%) 165 (16.10%) 176 (17.19%) 136 (13.28%) 155 (15.14%)
Heavy 1595 (38.93%) 426 (41.56%) 390 (38.09%) 396 (38.67%) 383 (37.40%)
Diabetes mellitus 871 (21.26%) 78 (7.61%) 157 (15.33%) 254 (24.80%) 382 (37.30%) <0.001
Hypertension 1470 (35.88%) 342 (33.37%) 364 (35.55%) 389 (37.99%) 375 (36.62%) 0.165
Laboratory tests
Total cholesterol, mg/dL 198.84+£43.01 197.93+40.32 200.09 +44.29 199.60£43.19 197.72+44.14 0.426
Triglyceride, mg/dL 157.41+£106.20 105.20 +55.37 140.50 +£72.20 179.18£111.00 204.79+137.2 <0.001
Glucose, mg/dL 117.17+31.89 105.21+16.04 112.11£22.75 120.07+£34.18 131.30+41.84 <0.001

Table 1. Baseline characteristics of the study cohort. Continuous variables are presented as mean + standard

deviation, while categorical variables are represented by numbers (percentages).

mortality by 5% (2-7%, p <0.001) for every 10-unit increase. Overall, maintaining TyG-BMI levels at the inflec-
tion point of the lowest risk could potentially lead to better long-term prognosis for OA patients.

OA is a complex disease that affects various joint tissues, including joint cartilage, subchondral bone, and
synovium'?. Previous studies have established a close relationship between T2DM and OA in terms of occur-
rence and development'>'*!°. Epidemiological evidence indicates that the incidence of OA in T2DM patients
is approximately 30%'°. Additionally, research has identified 12 shared target genes between T2DM and OA?.
Elena’s study demonstrates that while clinical manifestations differ, these two diseases are closely associated with
cellular metabolic disorders and IR related to energy metabolism'’.

IR plays a crucial role in the progression of OA, primarily through three main mechanisms: (1) direct interfer-
ence with energy metabolism, (2) inflammatory activation, and (3) lipid metabolism disorder and obesity. Joint
cartilage, which acts as a vital structure that absorbs mechanical stress between active bone surfaces, relies on
insulin for maintenance'’. Human chondrocytes express functional insulin receptors, and insulin can stimulate
synthetic reactions, enhance the synthesis of type II collagen and proteoglycan, inhibit the expression of col-
lagenase and matrix metalloproteinase (MMP)-1 and 13, and counteract the effects associated with interleukin
(IL-1B)?". Insulin therapy in animal and human studies has shown improvements in cartilage degradation and the
reversal of cartilage loss?**. In OA patients, there is a decrease in the expression of insulin receptors, impaired
ability of insulin-dependent glucose transporters (GLUTS) to stimulate glucose uptake, and subsequently, these
factors impact cell metabolism, regeneration, and repair®*.

Moreover, IR-induced inflammation poses significant challenges for OA patients, both locally within joints
and systemically with low-level inflammation". In individuals with OA, IR or sustained chronic hyperglycemia
leads to excessive production of oxidative stress (free radicals), pro-inflammatory cytokines (IL-1pB, TNF-a,
prostaglandins), and advanced glycation end products (AGEs) in joint tissues, thereby contributing to a systemic
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Figure 2. ROC curves were utilized to assess the differences in predictive abilities of TyG and TyG-BMI for
all-cause (A) and cardiovascular (B) mortality in OA patients. ROC receiver operating characteristic curve, AUC
area under the curve.

Model 1* Model 2 * Model 3 *
HR (95% CI) pvalue | HR (95% CI) pvalue | HR (95% CI) p value

All-cause mortality

TyG-BMI index 0.998 (0.997-0.999) <0.001 | 1.001 (1.000-1.002) | 0.189 1.000 (0.999-1.001) 0.536

Q1 Reference Reference Reference

Q2 0.83 (0.72-0.97) 0.016 | 0.80 (0.68-0.93) 0.003 | 0.75 (0.64-0.87) <0.001
Q3 0.78 (0.67-0.91) 0.002 | 0.85 (0.73-0.99) 0.039 0.78 (0.67-0.92) 0.003
Q4 0.63 (0.53-0.74) <0.001 | 1.01 (0.85-1.20) 0.913 0.84 (0.70-1.01) 0.065

Cardiovascular mortality

TyG-BMI index 0.999 (0.997-1.000) 0.097 | 1.003 (1.001-1.005) | 0.006 1.001 (0.999-1.003) 0.260

Q1 Reference Reference Reference

Q2 1.02 (0.76-1.36) 0.914 | 0.98 (0.73-1.31) 0.899 0.884 (0.66-1.19) 0.412
Q3 0.91 (0.68-1.23) 0.555 | 1.03 (0.77-1.40) 0.826 | 0.90 (0.66-1.23) 0.515
Q4 0.68 (0.49-0.95) 0.023 | 1.25(0.89-1.75) 0.197 0.96 (0.67-1.37) 0.818

Table 2. HRs (95% Cls) for all-cause and cardiovascular mortality according to TyG-BMI index. *Model 1,
non-adjusted. Model 2, adjusted for sex, age, and race. Model 3, adjusted for sex, age, race, education, poverty-
to-income ratio, hypertension, diabetes, total cholesterol, alcohol use, and smoking. Significant values are in
bold.

inflammatory state’®. This inflammation results in increased production of protein hydrolyzing enzymes that
degrade the cartilage matrix (MMPs and aggrecanases)'. Furthermore, under conditions of IR, compensatory
insulin secretion is required to meet energy metabolism requirements®. Studies have indicated that high insulin
concentrations (10-500 nM) can contribute to cartilage degradation, macrophage infiltration, and chemokine
production in OA?%%7,

IR contributes to the redistribution of adipose tissue and disruptions in lipid metabolism?®. Visceral obesity
serves as a significant source of pro-inflammatory cytokines, fostering low-level chronic metabolic inflamma-
tion that can result in structural damage to joints®’. Furthermore, leptin, a major adipokine secreted by adipose
tissue, has been found to promote chondrocyte apoptosis and enhance the production of cytokines and MMPs
by chondrocytes®. Additionally, IR and obesity are linked to elevated levels of free fatty acids (FFAs), which may
similarly influence the progression of OA%'.

IR is well-established as a contributor to cardiovascular disease®>. However, the impact of lower IR on mor-
tality remains underexplored. Our study found that low levels of TyG-BMI are linked to increased mortality in
OA patients, suggesting that excessively low IR may adversely affect patient outcomes, consistent with previous
research on TyG and mortality**—**. This phenomenon is not yet fully explained, and existing explanations are
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Figure 3. Association between TyG-BMI index with all-cause mortality (A) and cardiovascular mortality (B)
in participants with OA, adjusted for sex, age, race, education, poverty-to-income ratio, hypertension, diabetes,
total cholesterol, alcohol use, and smoking. The shaded areas represent the 95% CI.
Adjusted HR (95% CI) ‘ p value ‘ p for Log-likelihood ratio *
All-cause mortality
TyG-BMI index | Fitting by the standard linear model 1.000 (0.999-1.001) 0.536
Inflection point: 282 <0.001
Fitting by the two-piecewise linear model
TyG-BMI index < 282 0.995 (0.994-0.997) <0.001
TyG-BMI index > 282 1.003 (1.002-1.005) <0.001
Cardiovascular mortality
TyG-BMI index | Fitting by the standard linear model 1.001 (0.999-1.003) 0.260
Inflection point: 270 0.003
Fitting by the two-piecewise linear model
TyG-BMI index <270 0.996 (0.992-1.000) 0.036
TyG-BMI index > 270 1.005 (1.002-1.007) 0.001
Table 3. Threshold analysis of TyG-BMI index on all cause and cardiovascular mortality in OA patients. *Log-
likelihood ratio is used to assess whether there is a statistical difference between two segmented linear models.
All-cause mortality Cardiovascular mortality
Exposure HR (95 % CI) P for interaction HR (95 % CI) P for interaction
Overall 0.77 (0.68-0.87) o 0.83(0.67-1.04) s
Age, years 0.063 0.213
Q1 (20-56) 0.87 (0.56-1.35) — 0.89 (0.40-2.00) ——
Q2 (57-66) 1.44 (1.08-1.91) — 2.02 (1.07-3.84) e
Q3 (67-76) 1.23 (0.98-1.53) . 1.47 (0.93-2.33) .
Q4 (=T77) 0.96 (0.79-1.18) e 1.05(0.77-1.44) ——i
Sex 0.099 0.54
Female 0.72 (0.61-0.84) o 0.79 (0.59-1.07) ——
Male 0.88 (0.73-1.07) (B 0.91 (0.65-1.27) .
Hypertension 0.113 0.148
No 0.82 (0.70-0.97) e 0.94 (0.70-1.27) —r
Yes 0.68 (0.56-0.82) e 0.68 (0.49-0.95) —
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Figure 4. Subgroup analysis of the associations between TyG-BMI index with all-cause and cardiovascular

mortality.
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not entirely convincing. In an insulin-sensitive state, cellular synthesis and glucose metabolism are highly effi-
cient, leading to reduced endogenous insulin production®. Insulin’s role as an endocrine hormone is not fully
understood*”*%. Many endocrine hormones have an optimal physiological concentration range, and deviations
can be harmful®. Additionally, increased metabolic activity may accelerate aging and organ decline, potentially
reducing life expectancy®. These explanations are based on current knowledge and warrant further experimental
investigation to elucidate the underlying mechanisms.

Our study, based on a large sample cohort from the American NHANES database, sought to elucidate the
correlation between the TyG-BMI index and all-cause mortality as well as cardiovascular mortality in patients
with OA. The overarching goal was to identify novel prognostic indicators that could predict an increased risk
of death in OA patients and provide clinicians with innovative methods for early identification of high-risk OA
patients. These emerging biomarkers from peripheral blood offer accessibility, cost-effectiveness, and ease of
dissemination.

Limitations

While our study has yielded significant findings, it is essential to acknowledge several limitations. Firstly, the
reliance on cross-sectional laboratory test data may constrain our ability to accurately capture longitudinal
changes or responses to intervention measures. To enhance our understanding of temporal fluctuations in IR
status within the human body, dynamic monitoring of TyG-BMI index could offer more profound insights.
Secondly, the data extracted from the NHANES database primarily stem from household interviews and ques-
tionnaire surveys, potentially introducing reporting inaccuracies or recall biases. Despite the rigorous validation
procedures established by authoritative institutions like NCHS, inherent limitations and risks persist. Finally,
although we carefully considered numerous covariates, unaccounted confounding factors may still impact the
validity of our conclusions. Notably, due to limitations in the NHANES database, we were unable to include
medication use as a covariate.

Conclusions

Our study unveils a U-shaped nonlinear relationship between TyG-BMI levels in OA patients and all-cause
mortality or cardiovascular mortality, pinpointing a specific TyG-BMI index threshold level linked to the low-
est mortality risk. This discovery equips clinicians with a fresh perspective and intervention target to promptly
identify and intervene with OA patients at higher mortality risk. The research outcomes underscore the potential
benefits of the novel TyG-BMI index in evaluating IR for predicting the prognosis of OA patients, as well as
highlighting the potential therapeutic role of insulin in this context.

Data availability

The data supporting the conclusions of this article can be accessed at National Health and Nutrition Examina-
tion Survey (NHANES). (https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Demographi
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