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Associations between insulin resistance and low back pain risk in US adults: a cross-sectional study
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Background: Insulin resistance is one of the major pathophysiological features of type 2 diabetes mellitus. Studies have revealed the association between type 2 diabetes mellitus and low back pain. However, few studies explored the relationship between insulin resistance and low back pain directly. Therefore, this study selected HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR as indicators of insulin resistance to comprehensively investigate the association between insulin resistance and low back pain.

Methods: The data for this cross-sectional study were from NHANES. Multivariate logistic regression was used to assess the association of insulin resistance with low back pain, and the stability of the results was evaluated by stratified analysis.

Results: A total of 6,126 adult participants were included in the study, including 3,657 non-LBP participants and 2,469 LBP patients. All of these five indices showed significant association with low back pain after full adjustment for all covariates (Model 3), HOMA-IR [OR = 1.052, 95% CI (1.018, 1.087), p = 0.003], TyG [OR = 1.431, 95% CI (1.013, 2.021), p = 0.042], TyG-BMI [OR = 1.003, 95% CI (1.002, 1.005), p < 0.0001], TyG-WC [OR = 1.001, 95% CI (1.001, 1.002), p < 0.0001], TyG-WtHR [OR = 1.268, 95% CI (1.155, 1.393), p < 0.0001]. The relationship between insulin resistance and low back pain is stable in most stratified populations (p-interaction >0.05).

Conclusion: Insulin resistance is associated with an increased risk of low back pain. The HOMA-IR, TyG, TyG-WC, TyG-BMI, and TyG-WtHR all showed a stable correlation with low back pain. TyG-BMI, TyG-WC, and TyG-WtHR are more stable in their associations with low back pain than TyG alone.
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1 Introduction

Low back pain (LBP) is characterized by pain, muscle tension, or stiffness located between the costal margin and the subgluteal folds, and may be accompanied by leg pain (sciatica) and neurological symptoms in the lower limbs (1–3). LBP can be classified as acute (lasting up to 6 weeks), subacute (lasting 6 weeks to 3 months), or chronic (lasting 3 months or longer) (1). Based on etiology, LBP is categorized as either specific or non-specific. Specific LBP arises from identifiable pathophysiological mechanisms, such as herniated nucleus pulposus, infection, osteoporosis, rheumatoid arthritis, fractures, or tumors. Non-specific LBP is defined as LBP without a clear underlying cause (3). It is the leading cause of disability worldwide, and most people experience LBP at least once in their lifetime. The prevalence of LBP increases with age, with 1–6% in children aged 7–10 years, 18% in adolescents, and a peak prevalence of 28–42% in those aged 40 to 69 years (3–5). In western countries, the reported lifetime prevalence of LBP ranges from 49% to 70%, and the point prevalence of LBP from 12% to 30% (3). In 2015, LBP caused about 60.1 million person-years lived with disability, up 54% from 1990 (6), greatly increasing the cost of health care and social support systems. As the population ages, the prevalence of LBP is expected to markedly rise in the upcoming decades. Therefore, it is significant for the early recognition and timely intervention of LBP.

Insulin resistance (IR) refers to a disease in which the effect of insulin on tissues is weakened due to various reasons, and it cannot effectively promote the absorption of glucose by surrounding tissues and inhibit the output of glucose from the liver, increasing blood sugar (7). IR is the core pathophysiological mechanism of metabolic syndrome (MetS) (8). Researches (9, 10) have suggested that MetS may play an important role in pain. In addition, IR is one of the major pathophysiological features of type 2 diabetes mellitus (T2DM) (11). Studies (12, 13) have shown the association between T2DM and LBP, with LBP being more common in people with T2DM. Several common risk factors have also been found in T2DM and LBP, such as obesity (14, 15) and low-grade systemic inflammation (16, 17). Based on these previous researches, we speculate that there is positive association between IR and LBP. However, few studies to explored the association between IR and LBP directly. Therefore, this cross-sectional study was conducted to investigate the association between them, and comprehensively evaluated the association between various IR indices (HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR) and LBP, to promote the early identification and scientific management of LBP.



2 Methods


2.1 Data sources

National Health and Nutrition Examination Survey (NHANES) is a study conducted by the Centers for Disease Control and Prevention (CDC) to assess the health and nutritional status of the US population.1 NHANES gathers data through a combination of questionnaires, physical assessments, and laboratory analyses on representative samples to comprehensively assess and track the health status and nutritional habits of the US population. These data have important implications for studying the epidemiology of disease, developing public health policies, and guiding clinical practice. This study obtained data from NHANES (1999–2000, 2001–2002, 2003–2004, and 2009–2010), a total of 41,663 participants. The National Center for Health Statistics Research Ethics Review Board approved the NHANES, and all study participants provided written informed consent.



2.2 Assessment of LBP

The miscellaneous pain section of NHANES (1999–2000, 2001–2002, 2003–2004, and 2009–2010) provides personal interview data on LBP. In the three cycles of 1999–2000, 2001–2002, and 2003–2004, participants were asked, “During the past 3 months, did you have LBP?” In the 2009–2010 cycle, participants were asked, “Was there one time when you had pain, aching, or stiffness in your low back on almost every day for 3 or more months in a row?” The answer “yes” indicates the presence of LBP and the answer “no” indicates non-LBP.



2.3 Definition of IR surrogates

We extracted fasting triglyceride, fasting glucose, fasting insulin, waist circumference (WC), height, and weight from NHANES. The calculation formulas for IR surrogates are as follows. HOMA-IR = fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5 (18). TyG index = Ln [fasting triglycerides (mg/dL) × fasting glucose (mg/dL)/2] (19), TyG-BMI index = TyG × BMI (20), TyG-WC index = TyG × WC (cm) (20), TyG-WtHR index = TyG × WC (cm)/height (cm) (20).



2.4 Covariates

Potential covariates were identified based on the literature and clinical experience. This study selected age, sex, ethnicity, marital status, poverty income ratio (PIR), educational level, hypertension, smoking status, alcohol use, fasting total cholesterol (mg/dL), high density lipoprotein (HDL) cholesterol (mg/dL) and low density lipoprotein (LDL) cholesterol (mg/dL) as covariates. Ethnicity was classified into four groups: “non-Hispanic White,” “non-Hispanic Black,” “Mexican American,” and “other.” Marital status was classified into “married or living with a partner” and “other.” Poverty income ratio (PIR), a ratio of family income to poverty, was classified into “0–1.3 PIR,” “>1.3–3.5 PIR,” “>3.5 PIR.” Education level was classified into “Less Than 9th Grade,” “High School Grade or Equivalent” and “College Graduate or above.”



2.5 Study participants

Participants for this study were drawn from the NHANES (1999–2000, 2001–2002, 2003–2004, and 2009–2010). Exclusion criteria: (1) missing LBP data; (2) missing data on IR indices; (3) missing weight data or having a weight value of zero.



2.6 Statistical analysis

All data processing and statistical analysis were performed using the R software (version 4.3.2). For continuous variables, we used mean and standard deviation (SD) displays, and for categorical variables using number (n) and percentage (%) displays. According to the presence of LBP, we divided the participants into the non-LBP group and the LBP group. We used t-test to compare whether differences between non-LBP group and LBP group were significant for continuous variables, and the chi-square test was used to compare differences between non-LBP group and LBP group in categorical variables. We used multiple logistic regression models to assess the correlation between IR surrogates and LBP expressing the association with OR values and 95% confidence intervals (95% CI). Three models were constructed, in Model 1, no adjustment was made; Model 2 adjusted for the age, sex, ethnicity, marital status, PIR, and education level; Model 3 adjusted for the age, sex, ethnicity, marital status, PIR, education level, hypertension, smoke, alcohol user, fasting total cholesterol, HDL cholesterol, LDL cholesterol. p-value <0.05 was considered to be statistically significant.




3 Results

From NHANES (1999–2000, 2001–2002, 2003–2004, and 2009–2010) obtained 41,663 participants, 25,354 participants missing LBP data were excluded. Again excluding 9,688 participants missing the data of HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR. Excluding 495 participants lacking weight information or the value of weight is zero. Finally, 6,126 participants were included in this study. The selection flowchart of subjects is presented in Figure 1.
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FIGURE 1
 Flowchart of the study. HOMA-IR, homeostatic model assessment of insulin resistance; TyG, triglyceride glucose; TyG-BMI, triglyceride glucose with body mass index; TyG-WC, triglyceride glucose with waist circumference; TyG-WtHR, triglyceride glucose with the ratio of waist circumference divided by height.



3.1 Characteristics of the study participants

Table 1 displays the weighted baseline characteristics of the 6,126 participants including 3,657 non-LBP participants and 2,469 LBP participants. The distribution of age and gender among the participants did not show any significant differences. Non-Hispanic White (74.88%), >3.5 PIR (38.49%), college graduate or above (48.68%), overweight or obese (68.23%) participants accounted for a higher portion among LBP group.



TABLE 1 Weighted baseline characteristics of participants in the groups of non-LBP and LBP.
[image: Table1]



3.2 Associations between IR surrogates and LBP

All of these five indices showed significant association with LBP in the Model 3, after full adjustment for all covariates, HOMA-IR [OR = 1.052, 95% CI (1.018, 1.087), p = 0.003], TyG [OR = 1.431, 95% CI (1.013, 2.021), p = 0.042], TyG-BMI [OR = 1.003, 95% CI (1.002, 1.005), p < 0.0001], TyG-WC [OR = 1.001, 95% CI (1.001, 1.002), p < 0.0001], TyG-WtHR [OR = 1.268, 95% CI (1.155, 1.393), p < 0.0001]. Furthermore, we discretized the five IR indices that were originally continuous variables into quartiles for a sensitivity analysis. Compared with quartile 1 (Q1), quartile 4 (Q4) was 46.8% higher (p = 0.002) in HOMA-IR, Q4 was 61.1% higher (p < 0.001) in TyG-BMI, Q4 was 91.4% higher (p < 0.001) in TyG-WC. Q4 was 67.0% higher than Q1 of the TyG-WtHR index (p < 0.001). Furthermore, the p for trend indicated the statistically significant nature of the upward trend observed for HOMA-IR, TyG-BMI, TyG-WC, and TyG-WtHR in the fully adjusted model, implying that LBP risk increases with increasing degree of IR. Table 2 provides the detailed results.



TABLE 2 The results of logistic regression analysis on the association between insulin resistance surrogates and LBP.
[image: Table2]



3.3 Subgroup analysis

In addition, to further confirm the stability of the results, we performed stratified analyses for HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR. The results demonstrated that the relationship between HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR index and LBP was stable in most stratified populations (p-interaction >0.05). Detailed results of the stratified analysis are presented in Figures 2, 3. Moreover, the results of the logistic regression analysis stratified by gender are presented in Table 3. TyG did not show a significant correlation with LBP in the male population.

[image: Figure 2]

FIGURE 2
 Stratified associations between HOMA-IR, TyG, and LBP according to baseline characteristics. HOMA-IR, homeostatic model assessment of insulin resistance; TyG, triglyceride glucose index; PIR, poverty income ratio; Pi, P for interaction.
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FIGURE 3
 Stratified associations between TyG-BMI, TyG-WC, TyG-WtHR, and LBP according to baseline characteristics. TyG-BMI, triglyceride glucose with body mass index; TyG-WC, triglyceride glucose with waist circumference; TyG-WtHR, triglyceride glucose with the ratio of waist circumference divided by height; PIR, poverty income ratio; Pi, P for interaction.




TABLE 3 The results of logistic regression analysis on the association between IR surrogates and LBP stratified by gender.
[image: Table3]




4 Discussion

In this study, data from four NHANES (1999–2000, 2001–2002, 2003–2004, and 2009–2010) cycles were utilized to assess the associations between HOMA-IR, TyG, TyG-BMI, TyG-WC, TyG-WtHR, and LBP. After adjusting for all the covariates, there was still a stable positive correlation between HOMA-IR, TyG, TyG-BMI, TyG-WC, TyG-WtHR, and LBP. Further stratified analysis also indicated that these results were stable in most of the subgroups. To the best of our knowledge, this is the first study using NHANES data to investigate the relationship between IR and LBP.

Currently, the internationally accepted gold standard for evaluating IR is hyperinsulinemic euglycemic clamp (HEC) (21). The principle is that glucose and insulin are infused simultaneously to maintain blood glucose levels within the range of 4.4 to 5.0 mmol/L. During this state, the infusion rate of exogenous glucose matches the peripheral tissue glucose utilization rate. IR severity is assessed by quantifying the rate of insulin-mediated glucose metabolism (22). Although the measurement results of this method are stable and reproducible, however, its widespread adoption in clinical practice is hindered by its considerable technical complexity, lengthy duration, and substantial cost implications (23). To find a simple, practical and reliable tool to assess body insulin sensitivity, HOMA-IR based on fasting insulin (FINS) and fasting blood glucose (FPG) levels has emerged (18). The index can be calculated only by obtaining FINS and FPG. It has the characteristics of simple operation, cheap price and almost no damage to patients, so it is widely used in practice. However, the determination of FINS is not a routine laboratory test in clinical practice, so the triglyceride-glucose (TyG) index, calculated by fasting triglycerides and fasting glucose level, was also developed (19). A study (24) showed that TyG links IR even more closely than HOMA-IR with IR. In addition, some other IR substitution indices deriving TyG, such as TyG-BMI, TyG-WC, and TyG-WtHR, also show a closer relationship with IR than HOMA-IR, and even have a stronger ability to predict IR or IR-related diseases than TyG (25, 26).

The results of this study revealed that HOMA-IR, TyG, TyG-BMI, TyG-WC, and TyG-WtHR index are all associated with higher risk of LBP and that TyG-BMI, TyG-WC, and TyG-WtHR index have even more stable associations with LBP than TyG alone. Our conclusions are consistent with the previous studies to some extent. Cross-sectional studies from Japan noted a significant association between LBP and metabolic syndrome, however, there were significant gender differences in this relationship, with a significantly higher prevalence of metabolic syndrome in women with non-LBP, but the relationship was not significant in the male group (27, 28). Another study reached the same conclusion that patients with LBP had a higher prevalence of metabolic syndrome (29). This is consistent with our study, although most IR indicators showed significant association with LBP, the correlation was more stable in the female population than male population, especially TyG. In addition, their study also found that LBP patients with metabolic syndrome have higher BMI and waist circumference relative to LBP patients without metabolic syndrome. These results are partly in agreement with the present study, where the index of TyG combining various obesity-related indices showed a more stable correlation with LBP than the TyG index alone.

Despite the etiology of LBP is complex and varied, intervertebral disc degeneration is one of the main contributing causes of LBP, accounting for about 26%–42% of patients with LBP (30). A previous Mendelian randomization analysis from our team found that triglycerides was able to mediate T2D to promote intervertebral disc degeneration (31). It is already an established fact that obesity is a risk factor for Intervertebral disc degeneration (32, 33). Obesity can also develop into IR and chronic low-grade systemic inflammation through lipotoxicity, promoting the development of LBP (34). Similar conclusions have been found in several previous studies showing that TyG-BMI, TyG-WC, and TyG-WtHR are more robust in their associations with IR or IR-related diseases than TyG alone. A cross-sectional study (20) using NHANES data found that TyG-WC had a better ability to identify IR than TyG alone. In addition, the research of Dang et al. (25) showed that TyG-WC and TyG-WtHR have a higher accuracy in cardiovascular disease mortality prediction compared to TyG and TyG-BMI, and that is expected to be a more effective indicator for identifying patients at early risk of cardiovascular disease. The higher predictive power of TyG-BMI, TyG-WC, and TyG-WTHR for LBP may be attributed to the following reasons. First, these indicators combine triglyceride of fasting, fasting glucose and obesity-related indicators, able to consider the effect of both risk factors, IR and BMI, on LBP. Second, waist circumference and waist height ratio are the indicators of abdominal obesity, patients with abdominal obesity have a higher risk of IR than ordinary obese patients, therefore, TyG-WC and TyG-WtHR can demonstrate a more stable correlation with IR or IR-related diseases.

This study has some of the following advantages. First, we obtained widely representative large-scale survey data from NHANES, which improves the stability and generalizability of our results. Second, we comprehensively evaluated the association of IR with LBP using five IR surrogates. Finally, stratified analyses were performed to assess the stability of the results. However, we also have some inevitable shortcomings. First, the LBP data used for analysis were derived from retrospective questionnaires that inevitably cause recall bias. Second, the design of this study was a cross-sectional study, which prevented us from further exploring the causal relationship between LBP and IR. Prospective studies are needed to establish a causal relationship and to determine whether improving IR can reduce LBP incidence or severity. Finally, we have to acknowledge that NHANES data primarily represent the US population, and its generalizability to non-US populations may be limited. Further validation in other populations are needed.



5 Conclusion

IR is associated with an increased risk of LBP. Compared to TyG alone, TyG-WC, TyG-BMI and TyG-WtHR showed a more stable correlation with LBP. Future research should explore whether targeting IR through lifestyle modifications, pharmacological interventions, or combined approaches could help alleviate LBP symptoms.
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