

[image: Predictive value of IGF-1/IGFBP-3 ratio for thyroid nodules in type 2 diabetic mellitus]
Predictive value of IGF-1/IGFBP-3 ratio for thyroid nodules in type 2 diabetic mellitus





ORIGINAL RESEARCH

published: 09 October 2024

doi: 10.3389/fendo.2024.1444279

[image: image2]


Predictive value of IGF-1/IGFBP-3 ratio for thyroid nodules in type 2 diabetic mellitus


Bingxin Liu and Yanjun Wang *


Department of Endocrinology, The Second Hospital of Jilin University, Changchun, China




Edited by: 

Joseph V. Martin, Rutgers University Camden, United States

Reviewed by: 

Ricardo V. Garcia-Mayor, Instituto de Investigación Sanitaria Galicia Sur (IISGS), Spain

Maria-Christina Ungureanu, Grigore T. Popa University of Medicine and Pharmacy, Romania

*Correspondence: 

Yanjun Wang
 yj_wang@jlu.edu.cn


Received: 05 June 2024

Accepted: 23 September 2024

Published: 09 October 2024

Citation:
Liu B and Wang Y (2024) Predictive value of IGF-1/IGFBP-3 ratio for thyroid nodules in type 2 diabetic mellitus. Front. Endocrinol. 15:1444279. doi: 10.3389/fendo.2024.1444279






Aims

To explore the predictive value of the IGF-1/IGFBP-3 ratio for the presence of thyroid nodules in patients with type 2 diabetes mellitus (T2DM).





Methods

This observational study prospectively enrolled patients with T2DM at the Second Hospital of Jilin University between May 2021 and January 2022. Thyroid nodule (TN) status was determined by ultrasonography. Receiver operating characteristic (ROC) curve analysis was performed to assess the predictive value of the serum IGF-1/IGFBP-3 molar ratio for TNs. Multivariable logistic regression analysis was conducted to identify risk factors for thyroid nodules in patients with T2DM.





Results

A total of 122 patients (mean age ± standard deviation: 52.57 ± 11.71 years; 74 males) were enrolled. 37.7% (n=46) of patients did not have TNs, while 62.3% (n=76) had TNs. The duration of diabetes, age, and HDL-C level were significantly higher in the T2DM group with TNs compared to the group without TNs (all P < 0.05). The area under the ROC curve (AUC) for the combination of IGF-1, IGFBP-3, and the serum IGF-1/IGFBP-3 molar ratio in predicting TNs in T2DM patients was 0.619 (P < 0.001). Additionally, multivariable logistic regression analysis revealed that the duration of diabetes, age, fasting plasma glucose (FPG), fasting insulin (FINS), thyroid-stimulating hormone (TSH), IGF-1, and IGFBP-3 levels were independent risk factors for thyroid nodules, while the serum IGF-1/IGFBP-3 molar ratio level was an independent protective factor for thyroid nodules in patients with T2DM (all P < 0.05).





Conclusion

The combination of IGF-1, IGFBP-3, and the serum IGF-1/IGFBP-3 molar ratio may have a better predictive value for TNs in T2DM patients than using any single marker alone. The duration of diabetes, age, FPG, FINS, TSH, IGF-1, IGFBP-3, and the serum IGF-1/IGFBP-3 molar ratio levels were independently associated with thyroid nodules in patients with T2DM.
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Introduction

Diabetes mellitus is an endocrine disorder characterized by chronic hyperglycemia resulting from defects in insulin secretion or action or both (1). It is a global health crisis with a rapidly increasing prevalence. According to a 2021 study, an estimated 536.6 million people aged 20-79 years worldwide have diabetes, and this number is projected to rise to 783.2 million by 2045. Type 2 diabetes (T2DM) is the most common form, accounting for approximately 90% of all diabetes cases. Several factors contribute to its growing prevalence, including obesity, unhealthy dietary habits, and genetic predisposition. The rise in type 2 diabetes poses a significant economic burden on healthcare systems and negatively impacts patient quality of life. Thyroid nodules are discrete, localized lesions within the thyroid gland that differ from the surrounding tissue. These nodules are quite common, with high-resolution ultrasound studies revealing a prevalence of 19% to 68% in the general population (2). Fortunately, the vast majority of thyroid nodules are benign and do not cause any clinical symptoms. However, similar to diabetes, the reported prevalence of thyroid nodules is on the rise worldwide. This trend might translate to increased healthcare utilization and associated patient costs.

Emerging evidence suggests a potential association between type 2 diabetes and thyroid nodules. Studies have demonstrated a significantly higher prevalence of thyroid nodules in patients with type 2 diabetes compared to those without. For instance, one study reported a prevalence of 60% in type 2 diabetic patients, compared to 43% in non-type 2 diabetic patients (3). Several mechanisms may underlie this connection. One hypothesis suggests that compensatory insulin resistance, a hallmark of type 2 diabetes, leads to elevated serum insulin levels, which may be linked to thyroid nodule formation (4). Additionally, research suggests that increased systemic inflammation, often observed in type 2 diabetes, might also play a role in developing thyroid nodules in this population (5).

The insulin-like growth factor (IGF) family comprises a group of peptide hormones with high structural similarity to insulin. IGFs are essential for various physiological processes, including cell proliferation, apoptosis, protein synthesis, and regulation of carbohydrate, fat, and bone metabolism (6). Notably, IGF-1 and IGFBP-3 have been implicated in developing thyroid nodules in patients with type 2 diabetes mellitus. In T2DM, a hallmark feature is insulin resistance. This resistance may directly activate the proliferation pathway through insulin or IGF-1, potentially influencing the expression of thyroid-related genes and promoting thyroid cell proliferation and differentiation (7). Studies suggest that IGF-1 and IGFBP-3 influence peripheral insulin action through various mechanisms. IGFBP-3 also exerts independent physiological effects. It can inhibit insulin action through both IGF-1-dependent and IGF-1-independent pathways, potentially contributing to the development of metabolic syndrome (8). Importantly, in circulation, most IGF-1 binds to IGFBP-3 and other proteins, forming a large complex (approximately 150 kDa). This complex limits the free IGF-1 available for cellular uptake and utilization (6). Therefore, a reliable marker is needed to estimate the biologically active IGF-1 fraction. The molar ratio of serum IGF-1 to IGFBP-3 has been proposed to assess IGF-1 bioactivity (9). It is calculated by dividing the serum IGF-1 concentration (ng/mL) by 0.13 and then dividing this value by the serum IGFBP-3 concentration (ng/mL) divided by 0.035 (10). However, serum IGF-1 and IGFBP-3 levels may not always change proportionally. For example, a study showed that on rGH treatment, the IGF-1-dependent increase in IGFBP-3 concentration occurs in two phases: an initial linear phase, followed by a saturation phase in which IGFBP-3 concentrations reach a plateau, despite further increases in IGF-1 concentration. This would account for the increase in IGF-1/IGFBP-3 ratio at high doses of rGH (11). In such scenarios, the IGF-1/IGFBP-3 molar ratio can serve as a surrogate marker for both IGF-1 and IGFBP-3 activity. Additionally, this ratio has proven valuable in research on other diseases (12). With current guidelines generally advising against routine ultrasound screening for thyroid nodules in the general population, a combined predictive approach using IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 ratio might hold promise for preventing thyroid nodules in T2DM patients.

The present study investigated the potential of the IGF-1/IGFBP-3 molar ratio as a predictor of thyroid nodules in patients diagnosed with type 2 diabetes mellitus.





Methods




Study design and participants

This observational study enrolled a total of 122 patients with T2DM at the Second Hospital of Jilin University between May 2021 and January 2022. The study protocol was approved by the Ethics Committee of the Second Hospital of Jilin University (approval number: 2024-078). All data were anonymized. As the study involved minimal risk and collected anonymized data, the requirement for informed consent was waived by the Ethics Committee.

This study included participants between 18 and 80 years old who fulfilled the 2020 Chinese guidelines for diagnosing Type 2 Diabetes Mellitus (13). To ensure a focused and generalizable study population, we excluded patients with (1) type 1 diabetes or other atypical diabetes types, (2) acute or severe chronic complications from diabetes, (3) severe liver, kidney, heart, or other organ diseases, (4) pre-existing thyroid disease or use of medications affecting glucose metabolism or thyroid function, (5) blood system or immune system disorders, and (6) any serious infectious disease or malignancy.





Data collection and definitions

Demographic and clinical data, including sex, age, duration of diabetes mellitus (course of disease), weight, and height, were collected. Body mass index (BMI) was calculated using the formula BMI = weight (kg)/height² (m²). Additionally, general biochemical biomarkers were assessed. Glycated hemoglobin A1c (HbA1c) was measured using an automated hemoglobin analyzer (HLC-723G8). An automated biochemical analyzer (UniCel DxC 800 Synchron) was used to determine fasting blood glucose (FPG), fasting serum insulin (FINS), fasting C-peptide (FC-P), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), thyroid peroxidase antibody (TPOAb), thyroglobulin antibody (TgAb), free triiodothyronine (FT3), free thyroxine (FT4), thyroid stimulating hormone (TSH), and uric acid (UA). Urine microalbumin (UMA) and urinary albumin-to-creatinine ratio (UACR) were measured using a protein analyzer (IMMAGE800). Finally, the homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the formula: HOMA-IR=FPG (mmol/L) × FINS (U/mL)/22.5.

All patients underwent thyroid ultrasound examinations performed by qualified ultrasound physicians within the same ultrasound medicine department. Standardized examinations were ensured using the same ultrasound frequency instrument (PHILIPEPIQ7, 5-18MHz; Philips) for all procedures. Following the diagnostic criteria outlined in the 2020 Chinese guidelines for malignant risk stratification of thyroid nodules (C-TIRADS), patients with type 2 diabetes were categorized into two groups: a simple type 2 diabetes group and a type 2 diabetes with thyroid nodules group.





Methods for the detection of IGF-1, IGFBP-3 and IGF-1/IGFBP-3 molar ratio

Serum concentrations of IGF-1 and IGFBP-3 were measured using an immunochemiluminometric assay (ICMA) on a Siemens 2000XPI platform. The molar ratio of serum IGF-1 to IGFBP-3 was calculated using the following formula: molar ratio = [IGF-1 (ng/mL)×0.13]/[IGFBP-3 (ng/mL)×0.035] (10).





Statistical analysis

Data analysis was performed using the statistical software SPSS version 29.0 (IBM Corp., Armonk, NY, USA). Continuous data with normal distribution were presented as mean ± standard deviation (SD) and analyzed using the Student’s t-test. Conversely, continuous data with skewed distribution were expressed as median (interquartile range) and analyzed using the Mann-Whitney U test. Categorical data were presented as percentages (%) and analyzed using the chi-square test. Pearson correlation analysis was used to assess correlations between normally distributed continuous variables. Spearman correlation analysis was employed to evaluate correlations between categorical and continuous data with skewed distribution. The receiver operating characteristic (ROC) curve was generated using GraphPad Prism version 10.0 (GraphPad Software Inc., San Diego, CA, USA). The area under the curve (AUC) was calculated to assess the predictive value of serum IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio for thyroid nodules in patients with T2DM. Multivariable logistic regression analysis was conducted to identify risk factors for thyroid nodules in patients with T2DM. A two-tailed p-value of less than 0.05 was considered statistically significant.






Results

A total of 122 patients with T2DM were enrolled in this study. The mean age was 52.6 ± 11.7 years, with 74 males and 48 females. Between the two groups (simple T2DM <i>vs</i>. T2DM with thyroid nodules), there were statistically significant differences (all P < 0.05) in the duration of type 2 diabetes (course of disease), age, and HDL-C levels. Specifically, the T2DM with thyroid nodules group had a longer duration of diabetes, higher age, and higher HDL-C levels than the simple T2DM group. No significant differences were observed in other clinical parameters between the two groups (all P > 0.05) (Table 1).


Table 1 | Characteristics of the patients.



Serum IGF-1 levels exhibited positive correlations with sex and IGFBP-3, while negative correlations were observed with duration of disease, age, and TgAb (anti-thyroglobulin antibody) levels. (r=0.217, r=0.491, r=-0.201;r=-0.274;r=-0.217, respectively; all P<0.05) (Figures 1A, B, Table 2). IGFBP-3 levels were positively correlated with FC-P, FT3, TC, and TG, while negatively correlated with the course of disease and age. (r=0.193, r=0.235, r=0.223, r=0.380, r=-20.293, r=-0.502, respectively; all P<0.05) (Figures 1C, D, Table 2). The IGF-1/IGFBP-3 molar ratio demonstrated positive correlations with IGF-1, age, and sex. Conversely, negative correlations were found with BMI, FT3, IGFBP-3, TG, UA, and TPOAb levels. (r=0.472, r=0.183, r=0.223, r=-0.184, r=-0.202, r=-463, r=-0.332, r=-0.229, r=-0.225, all P < 0.05) (Figures 1E–G, Table 2).




Figure 1 | (A) Correlation analysis of IGF-1 with sex and IGFBP-3. (B) Correlation analysis of IGF-1 with course of disease, age and TgAb. (C) Correlation analysis of IGFBP-3 with Fasting c-peptide (FC-P), Free triiodothyronine (FT3), Total cholesterol (TC) and Triglycerides (TG). (D) Correlation analysis of IGFBP-3 with the course of disease and age. (E) Correlation analysis of IGF-1/IGFBP-3 ratio with IGF-1 and age. (F) Correlation analysis of IGF-1/IGFBP-3 ratio with sex, BMI, FT3 and IGFBP-3. (G) Correlation analysis of IGF-1/IGFBP-3 ratio with TG, Uric acid (UA) and Thyroid peroxidase antibody (TPOAb).




Table 2 | Correlation analysis of IGF-1,IGFBP-3,IGF-1/IGFBP-3 ratio and clinical biomarkers.



The ROC curve analysis evaluated the potential of serum IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio as predictors of thyroid nodules in patients with T2DM. The results indicated that IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 ratio individually exhibited an uncertain predictive value for thyroid nodules in patients with T2DM (AUC=0.527, AUC=0.501, AUC=0.504, P>0.05) (Table 3). In contrast, the AUC for the combined model incorporating IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio demonstrated a significant association with the presence of thyroid nodules in T2DM patients (AUC = 0.619, P < 0.001) (Figure 2, Table 3).


Table 3 | Predictive value of IGF-1, IGFBP-3, IGF-1/IGFBP-3 ratio for TNs in T2DM.






Figure 2 | ROC curve of the combination of IGF-1, IGFBP-3, IGF-1/IGFBP-3 ratio for TNs in T2DM.



Additionally, univariable logistic regression analysis showed that sex, age and HDL-C were potential risk factors for thyroid nodules in type 2 diabetic mellitus. (all P<0.05) (Table 4). Furthermore, multivariable logistic regression analysis suggested that age (OR=1.063, 95%CI 1.019-1.109, P=0.005), FPG (OR=1.508, 95%CI 1.066-2.134, P=0.020) and FINS (OR=1.213, 95%CI 1.010-1.455, P=0.038) were independent risk factors for thyroid nodules in type 2 diabetic mellitus, while IGF-1/IGFBP-3 ratio (OR<0.001, 95%CI <0.001-0.748, P=0.044) was inversely independent protective factors for thyroid nodules in type 2 diabetic mellitus (Table 5). Age (OR=1.082, 95%CI 1.030-1.136, P=0.002), FPG (OR=1.493, 95%CI 1.047-2.128, P=0.027), TSH (OR=1.493, 95%CI 1.002-2.225, P=0.049) and IGFBP-3 (OR=1.414, 95%CI 1.019-1.963, P=0.038) were independent risk factors for thyroid nodules in type 2 diabetic mellitus (Table 6). Age (OR=1.094, 95%CI 1.038-1.153, P<0.001), FPG (OR=1.516, 95%CI 1.067-2.156, P=0.020) and IGF-1 (OR=1.040, 95%CI 1.003-1.079, P=0.033) were independent risk factors for thyroid nodules in type 2 diabetic mellitus, while IGF-1/IGFBP-3 ratio (OR<0.001, 95%CI <0.001-<0.001, P=0.020) was inversely independent protective factors for thyroid nodules in type 2 diabetic mellitus (Table 7).


Table 4 | Univariable logistic analysis of the influence of TNs in T2DM.




Table 5 | Multivariable logistic analysis of the influence of TNs in T2DM.




Table 6 | Multivariable logistic analysis of the influence of TNs in T2DM.




Table 7 | Multivariable logistic analysis of the influence of TNs in T2DM.







Discussion

This study suggests that a combined model incorporating serum IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio may improve TN prediction for TNs in patients with T2DM. Additionally, our findings indicate independent associations between TNs and factors, including disease duration, age, FPG, FINS, TSH, IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 ratio. These results hold promise for developing a predictive model for TNs in T2DM patients.

Insulin resistance is a prevalent clinical condition, particularly in T2DM. Existing retrospective studies support a significant link between insulin resistance and thyroid nodules (14). Junik et al. (15) reported a higher prevalence of thyroid nodules in patients with T2DM compared to non-diabetic individuals without insulin resistance. Also, in type 2 diabetes mellitus, the levels of IGF-1, IGFBP-3 and IGFBP-1 may be extremely variable (16). Characterized by hyperglycemia and elevated insulin levels, insulin resistance promotes the interaction between insulin and insulin-like growth factor binding proteins (IGFBPs), increasing free IGF-1 levels (17), This, in turn, may influence cellular regulation and proliferation within thyroid tissue (18). Our finding that FPG and FINS are risk factors for TNs in T2DM patients further supports the potential association between insulin resistance and TN pathogenesis. Notably, another study demonstrated higher insulin resistance in the thyroid nodule group compared to the control group, further supporting the concept of insulin resistance as a risk factor for TNs in T2DM patients (19).

Our findings suggest a close link between the IGF system and TN development in patients with T2DM. Multivariable logistic regression analysis identified independent risk factors for TNs, including duration of disease, age, FPG, FINS, TSH, and both IGF-1 and IGFBP-3 levels. Interestingly, the serum IGF-1/IGFBP-3 molar ratio emerged as an independent protective factor for TNs in this population. Existing research supports the role of IGF-1 in stimulating protein and DNA synthesis within thyroid cells (20). It acts synergistically with TSH through an autocrine mechanism to promote thyroid cell proliferation, potentially contributing to TN occurrence and development (21). In an in vitro study, the mitogenic effect of IGF-1 on thyroid cells was also confirmed (22). The insulin/IGF-1 pathway is further implicated by studies suggesting that insulin resistance may influence TN formation (23). Hard et al. observed in patients with type 2 diabetes (24) observed that hyperinsulinemia in patients with type 2 diabetes can block apoptosis and promote cell proliferation by stimulating insulin and IGF-1 pathways. The high degree of homology between insulin and IGF-1 receptors allows insulin to mimic IGF-1 and bind to its receptor, subsequently activating mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways, ultimately promoting thyroid cell proliferation (25). IGFBP-3 plays a counterbalancing role by binding to IGF-1 and reducing its bioactive level, indirectly regulating thyroid cell proliferation. Additionally, IGFBP-3 activates phosphotyrosine phosphatase, downregulating the IGF-1 signaling pathway, further influencing cell proliferation (26). Notably, our multivariable analysis, considering total rather than free IGF-1 levels, suggests a potentially stronger influence of IGFBP-3 compared to IGF-1 on TN development in T2DM. This is further supported by the observed positive correlation between IGFBP-3 and FC-P levels in this study, hinting at an association between IGFBP-3 and TNs that may be independent of IGF-1. Collectively, these findings highlight the central role of the IGF-1/IGFBP-3 molar ratio in the pathogenesis of TNs in patients with T2DM.

Current trends in clinical guidelines suggest a decreasing emphasis on routine ultrasound screening for thyroid nodules in the general population. In this context, the possibility of screening for TNs in patients with T2DM using a simple blood test holds significant appeal. As demonstrated by the ROC curve analysis, the AUC for the combined model incorporating serum IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio was 0.619. This finding indicates that combining these three biomarkers offers a more reliable predictive value for TNs in T2DM patients than using any single marker alone.

Several limitations in this study should be acknowledged. First, the single-center design resulted in a relatively small sample size, potentially limiting the generalizability of our findings to broader populations. Second, the cross-sectional nature of the study precludes establishing causal relationships between the investigated factors and thyroid nodules. Future prospective observational studies are warranted to address this limitation. Finally, the current study lacked the ability to measure free IGF-1 levels directly. Since the serum IGF-1/IGFBP-3 molar ratio is influenced by various physiological and pathophysiological factors, relying on total IGF-1 measurements may introduce some degree of error (27).

This study suggests that a combined model incorporating serum IGF-1, IGF-1/IGFBP-3 molar ratio, and IGFBP-3 may offer a more robust predictive value for TNs in patients with T2DM compared to using individual biomarkers. Additionally, our findings identified independent associations between TNs and factors, including duration of disease, age, FPG, FINS, TSH, and both IGF-1 and IGFBP-3 levels. However, the proposed prediction model based on the IGF-1/IGFBP-3 molar ratio for TNs in T2DM patients requires further validation through multicenter studies with larger sample sizes.
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