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Introduction: Obesity in adults is a problem, particularly when paired with other metabolic abnormalities. Previous research have 
linked various screening approaches to diabetes, but additional evidence points to the relevance of combining diabetes screening 
methods with obesity and its effects. This research examined the impact of thyroid hormones (TSHs) and health risk factors (HRFs) in 
screening for obesity and diabetes in Chinese populations, and whether age can modulate this association.
Methods: From March to July 2022, the Hefei Community Health Service Center connected with the First Affiliated Hospital of 
Anhui Medical University was chosen, and the multi-stage cluster sample approach was utilized to test adults aged 21–90 in each 
community. Latent category analysis (LCA) was performed to investigate the clustering patterns of HRFs. A one-way ANOVA was 
used to examine waist circumference (WC), biochemical markers, and general data. Furthermore, multivariate logistic regression 
analysis was utilized to investigate the relationship between health risk variables and WC.
Results: A total of 750 individuals without a history of major problems who had a community health physical examination were 
chosen, with missing data greater than 5% excluded. Finally, 708 samples were included in the study with an effective rate of 94.4%. 
The average WC was (90.0±10.33) cm, the prevalence in the >P75, P50~P75, P25~P50, and ≤P25 groups were 24.7%, 18.9%, 28.7% and 
27.7%, respectively. The average TSH was (2.76±2.0) μIU/mL. Male (β=1.91), HOMA-IR (β=0.06), TyG (β=2.41), SBP (β=0.08), TG 
(β=0.94) and UA (β=0.03) were more likely to have a higher prevalence of WC level. The analyses revealed significant correlations 
between HRFs, TSH, age, other metabolic indexes and WC (P < 0.05).
Discussion: Our findings suggest that the quality of metabolic-related indicators used to successfully decrease diabetes in Chinese 
individuals with high HRFs levels should be prioritized. Comprehensive indicators might be a useful and practical way for measuring 
the metabolic evolution of diabetes level levels.
Keywords: health risk factors, diabetes mellitus, metabolic indicators, TSH, WC, diabesity

Introduction
Diabesity is a common name for the kind of diabetes that develops later in life and is connected with fat. The link between 
body mass index (BMI) and diabetes mellitus (diabesity) is widely documented.1 Insulin resistance (IR) in peripheral 
tissues has been identified as a pathophysiology, which may be described as a condition of reduced biological response to 
normal circulating insulin concentrations.2 Although most clinical investigations and public health researchers identify 
disability as a disease caused by multiple factors, these factors do not fully explain the occurrence of the disease, that is, the 
interaction between factors that contribute to the long-term high incidence and unnecessary morbidity of diabesity due to 
health risk factors (HRFs). As a result, it is required to identify the components of HRFs that contribute to diabesity, and this 
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assumption should be founded on theories that are relevant to diverse behaviors in order to be implemented. Given that type 
2 diabetes mellitus (T2DM) and obesity share an etiology, obesity is a major risk factor for T2DM, we will explore how 
long-term changes in the primary risk variables lead to the “diabesity” epidemic below.3

TyG-BMI is connected with diabetes, and this independent connection was considerably stronger in young adults, 
middle-aged people, and non-obese people.4 Among them, the subgroup analysis revealed that comparing with middle- 
aged and older people, young and middle-aged individuals were more likely to develop TyG-BMI-related diabetes; and 
comparing with overweight and obese people, non-obese people were more likely to develop TyG-BMI-related diabetes. 
According to a 22-year retrospective analysis, the incidence of T2DM was found to be substantially linked with the TyG 
index.5 Concerning the relationship between hypertension and lipid profile, some studies suggested that identifying 
infrared status may be more beneficial than relying solely on traditional obesity indicators; four indicators (TyG, TyG- 
BMI, TyG-WC, and TyG-WHtR) were found to be positively associated with systolic and diastolic blood pressure.6 The 
TyG index can be used as a surrogate indicator for the IR assessment indicators7 and risk of diabetes, which means TyG 
index can be utilized as a monitoring tool because it has a linear relationship with the probability of acquiring T2DM in 
the Japanese population.8

Important glucose homeostasis regulators include thyroid hormones, there was a correlation between thyroid 
hormones and T2DM, a 7-year longitudinal study showed that individual changes in TSH and thyroid hormone are 
also associated with the development of type 2 diabetes, even within the normal reference range.9 Serum levels of 
thyroid-stimulating hormone and T3 are dramatically increased in obese versus lean individuals.10 However, it is not 
clear about the casual association of that the correlation between altered thyroid function and fat excess among 
diabetes.11 As previous study stated,9 the metabolism of glucose and the emergence of insulin resistance are 
significantly impacted by thyroid hormones;12 however, there were also unfavorable findings, which failed to 
acknowledge that the existence of aberrant thyroid hormone levels may be a fundamental cause of inadequate 
treatment of T2DM.13

The evidence that lowering HRFs reduces the risk of diabetes is convincing, and special focus has been placed on the 
relationship between HRFs and diabetes. Furthermore, T2DM has been found to be preventive, with weight control being 
the most important component, as well as other contributing variables such as TSH levels. These studies on HRFs may, 
to some extent, encourage the creation and development of diabetes as well as supply indirect and direct confirmation of 
this. On the other hand, a comprehensive model for HRFs and the construction of HRFs-diabesity is required, and 
a thorough investigation of the diabetes phenomena is necessary. Given that a large sample of comprehensive tests is 
difficult to distribute in certain basic community hospitals and there are few relevant research on comprehensive HRFs 
for screening diabetes, we performed a large-scale, multi-center, cross-sectional research on three Chinese communities 
to address this problem.14 The goal of this study was to look into the link between HRFs, TSH levels, and diabetes. 
Furthermore, in this case of HRF exposure, those whose other indices were associated with diabetes. Consequently, the 
goal of this research was to analyze the relationship between waist circumference (WC), HRFs, TSH levels, and age in 
order to determine the influence of different risk factors on WC and its relationship to diabetes. The author also wanted to 
research how extensive HRFs are applied in measuring diabetes prevalence on a wide scale in the Chinese population by 
performing extensive HRFs in community hospitals.

Methods
Study Design
This notion that HRFs is strongly associated to pre-diabetes, diabetic complications, and diabesity is the foundation for 
this research. This theory is backed by comprehensive diabetes approaches, as well as in the community. This cross- 
sectional study’s objective was to investigate the connection between complete HRFs (including metabolic markers) and 
the prevalence of diabetes and the problems associated with it using a cross-sectional research design. The checklist for 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) was used to guide the design of the 
current research as well as the reporting of its findings.
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Settings
People ranging in age from 21 to 90 years old were tested at three community health care facilities in Hefei, Anhui 
province, that had signed a medical association agreement with our hospital. Those who had been definitively diagnosed 
with severe stages of diabetes and other diseases were barred from participation. Trained researchers employed 
a questionnaire form that was consistently structured to collect the participants’ gender, age, height, weight, belly 
circumference, blood pressure, smoking history, medical history, and other information. The form was used by trained 
investigators. In addition, measurements were taken at 7:30 in the morning for fasting blood sugar (FPG), hemoglobin 
A1c (HbA1C), C-peptide, cholesterol (TC), and triglyceride (TG) levels. During this time, an oral glucose tolerance test, 
also known as an OGTT, was carried out to determine the levels of glucose and C-peptide in the veins following 
a glucose loading period that lasted for two hours. We used the same methodology that was used in earlier research.14,15

Exposure and Outcomes
In accordance with established protocols, participants were subjected to comprehensive physical exams that included 
measurements of their height, weight, and blood pressure, as well as the collection of blood and urine samples by medical 
professionals and other personnel who had received specialized training in authorized physical examination facilities. 
Recordings were made of a variety of patient variables, including gender, age, height, weight, waist circumference, hip 
circumference, and blood pressure. We used Soehnle electronic scales to measure the participants’ weight to the closest 
0.1 kg, and we used a stadiometer to measure their height in bare feet to the nearest 1 mm. Both measurements were done 
with precision to the nearest 0.1 kg. We also determined the body mass index (BMI) and the waist-to-hip ratio (WHR). 
Using Hawksley random zero sphygmomanometers, systolic and diastolic blood pressure were recorded twice in a sitting 
position after a 5-minute rest interval. Both measurements were taken before and after the sat posture. The blood pressure 
that was taken was determined by taking the average of the two separate measurements. Blood was drawn from a vein 
while the subject was fasting in order to determine levels of FBG, 2-hour plasma glucose (2hPG), HbA1c, insulin, total 
cholesterol, triglycerides, high-density lipoprotein (HDL-C), creatinine (Cr), and urea acid (UA). An oral glucose 
tolerance test (OGTT) was also performed. In addition to it, blood serum was used to assess other potential indications. 
The term “metabolic indices” is used to refer to all of these potential dangers combined.14,15

Criteria for Risk Factors
It was determined that someone was obese if their BMI was between 24 and 28. According to Chinese criteria, a body 
mass index (BMI) of more than 28 kg/m2 constituted obesity.16 SBP of 140 mmHg or DBP of 90 mmHg was considered 
hypertension (WHO 1999 criteria)17 or the therapy that is being used for hypertension at the moment. Patients who have 
been treated with drugs for decreasing lipids or who had blood values of TC more than 5.69 mmol/L or TG greater than 
1.68 mmol/L or HDL greater than 1.03 mmol/L were considered to have hyperlipidemia. The abnormally high HbA1c 
level was more than 7.0%.18 Serum UA values of 416 mmol/L (7.0 mg/dL) in males and 386 mmol/L (6.5 mg/dL) in 
women were considered to be indicative of hyperuricemia, as was the use of allopurinol in an effort to reduce uric acid 
levels in patients.19 Diabetes was defined as FBG ≥7.0 mmol/L, and impaired glucose control was defined as FPG ≥ 6.1 
mmol/L or < 7.0 mmol/L or 2hPG > 7.8 mmol/L or < 11.1 mmol/L.14,20

The list of requirements for acceptance was as follows: 1) participants gave their informed permission, 2) participants 
did not have a history of mental illness, 3) participants were at least 18 years old and had resided in the survey area for at 
least 6 months in the preceding 12 months, and 4) participants independently completed the survey.

Criteria for disqualification were as follows: Participants having a history of substantial complications from diabetes, 
cardiovascular disease, cerebrovascular disease, major impairments in liver and renal function due to infection or stress, 
and those at the terminal stages of their respective diseases.

Sample Size Estimation
According to earlier studies, the prevalence of obesity was 20–40%,21 with a relative precision of 15%(ɛ), α = 0.05, and 
Z1-α/2 = 1.96. The minimal sample size was determined using the following formula: 161. Analyses and future follow-up 
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are required when considering a multi-center design with varied ages and communities. This minimal criteria was applied 
for grade sampling in all areas to guarantee that each community’s study was completed at several stratification levels.14 

Hence, a survey of 500 participants was conducted.

Statistics Analysis
Statistical Packages for the Social Sciences (SPSS) version 23.0 was used for the purpose of doing the analysis on all of 
the data. For data that were skewed, participants’ demographic and clinical characteristics were reported as mean 
standard deviation or median with interquartile range (IQR). A multivariate logistic regression analysis was performed 
to investigate the relationships between various characteristics and the risk of prediabetes and diabetes after any 
confounding factors were removed.

There were three stages involved in carrying out the statistical analysis.14 In Step 1, descriptive data on the health risk 
factor were collected from the four WC groups, and the chi-square test was used to compare categorical variables. Step 2 
involves assessing the associations between health risk factors and the four WC categories using multilevel logistic 
regression. In step three 3, the PROCESS software from model 59 was used to conduct a mediate moderation analysis. To 
assess the moderate and mediate impact, the following associations have to be significant: (a) direct predictor effect 
(HRFs) on the four WC groups, (b) direct moderator effect (gender), independent (HRFs) on the four WC groups, and (c) 
indirect interaction effect (TSH) on the four WC groups. The program in SPSS PROCESS determines automatically both 
the interactive impact and the amount of variation explained by the moderating effect of gender (R2 increases due to 
interaction). In the mediating moderation model, sociodemographic factors were adjusted for (gender, DBP, and hip 
circumference). Furthermore, we investigated whether age mediated the association between HRFs and the four WC 
groups: HOMA-IR.14 When the 95% CI did not contain zero, the moderating impact was judged significant.22 The 
hospital’s ethics committee gave its stamp of approval to this research project (Ethics Approval No. PJ2019-09-05), and 
all of the participants gave their written informed permission.

Sensitivity Analysis
Sensitivity analysis was utilized in this work to examine the model’s robustness: (1) model 1 did not account for 
covariables; model 2 did account for covariables; (2) We also looked at the interaction between HOMA-IR, age, TSH 
level, and WC level in this investigation. (3) Use the following methods to compute the co-occurrence of HRF: to SBP, 
DBP, FBG, P2hBG, HbA1c, TC, TG, HDL, and UA of 9 types of actions performed in accordance with the presence of 
risk classification, divided into four groups, according to standards based on the variable will occur for each HRF risk, 
the number of all HRFs in each research object was added up to form a “co-occurrence index”23 which divided the co- 
occurrence of HRFs into 3 and less, 4, 5 and 6 and more types.

Results
Prevalence Characteristics of the Four WC Groups
The sample consisted of 750 people who had had a community health physical examination and had no history of serious 
health issues. Those with missing data larger than 5% were disqualified from the analysis. Finally, 708 samples with an 
efficacy rate of 94.4% were included in the research. The average WC was (90.0 10.33) cm, with prevalences of 23.3%, 
23.7%, 26.4%, and 25.9% in the >P75, P50~P75, P25~P50, and ≤ P25 groups, respectively. The average age was (55.34 
±14.19) years. Females (β= −1.91) had a greater incidence of WC, whereas HOMA-IR, TyG, TG, and FBG were all 
associated with WC. Other data are provided in Table 1. There was no link between age and WC (β= 0.004), and there 
was a marginal correlation between HbA1c and WC (β= 0.005, P=0.07).

Table 2 presents the results of the influence factor and four BMI, which showed that higher BMI level, younger (β = −0.03), 
HOMA-IR (β = 0.02), TyG (β = 0.94), SBP (β = 0.022), TG (β = 0.38), and older age (β = 25.06) were more likely to have 
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a higher prevalence of BMI level; other factors such as gender, TSH, FBG and TC were not correlated with the BMI levels. 
Table 2 shows the linear regression correlation between influence factor and BMI levels.

Class Enumeration and Characteristics of the Final Three Class Model
Table 3 displays the model fit statistics, which vary from one to nine classes. The three-class solution was picked as the 
final, best-fitting model because its AIC, BIC, and aBIC values were the lowest. In addition, we enumerated the 
development of aBIC values and found that the three-class distribution contains aBIC values that are most dramatically 

Table 1 The Multilevel Linear Regression Between Dependent HRFs and WC

Variables WC

R2 t F P β (95% CI)

Gender 0.01 −2.46 6.07 <0.05 −1.91(−3.44,-0.39)

Age 0.00 0.15 0.02 >0.05 0.004(−0.05, 0.06)
Diabetes duration 0.001 0.75 0.57 >0.05 0.05(−0.07, 0.17)

ZTSH 0.000 0.30 0.092 >0.05 0.13(−0.70, 0.96)

HOMA-IR 0.01 2.74 7.51 <0.01 0.06(0.02, 0.10)
TyG 0.04 5.16 26.66 <0.01 2.41(1.49, 3.32)

TG/HDL 0.03 4.81 23.12 <0.01 0.27(0.16, 0.38)

HDL 0.04 −5.60 31.39 <0.01 −6.70(−9.05, -4.36)
SBP 0.02 3.93 15.45 <0.01 0.08(0.04, 0.12)

DBP 0.02 3.58 12.85 <0.01 0.13(0.06, 0.20)

HbA1c 0.005 −1.82 3.30 0.07 −0.30(−0.62, 0.02)
FBG 0.001 −0.89 0.79 >0.05 −0.07(−0.23, 0.09)

P2hBG 0.007 −2.27 5.13 <0.05 −0.16(−0.31, -0.02)

UA 0.07 7.24 52.47 <0.01 0.03(0.02, 0.03)
LDL 0.001 0.75 0.56 >0.05 0.29(−0.47, 1.05)

TG 0.03 4.81 23.18 <0.01 0.94(0.56, 1.32)

TC 0.004 1.62 2.63 >0.05 0.51(−0.11, 1.13)

Table 2 The Multilevel Linear Regression Between Dependent Health Risk Factors and BMI

Variables BMI

R2 t F P β (95% CI)

Gender 0.00 0.40 0.16 >0.05 0.11(−0.44, 0.67)
Age 0.01 −2.88 8.28 <0.01 −0.03(−0.05, -0.01)

Diabetes duration 0.00 −0.48 0.23 >0.05 −0.01(−0.05, 0.03)

ZTSH 0.002 1.05 1.11 >0.05 0.16(−0.14, 0.46)
HOMA-IR 0.01 2.62 6.89 <0.01 0.02(0.005, 0.04)

TyG 0.04 5.57 30.98 <0.01 0.94(0.61, 1.27)

TG/HDL 0.04 5.60 31.37 <0.01 0.12(0.08, 0.16)
HDL 0.05 −6.28 39.46 <0.01 −2.72(−3.57, -1.87)

SBP 0.01 3.03 9.19 <0.01 0.022(0.01, 0.037)

DBP 0.02 4.15 17.24 <0.01 0.05(0.03, 0.08)
HbA1c 0.008 −2.31 5.35 <0.05 −0.14(−0.26, -0.02)

FBG 0.003 −1.42 2.01 >0.05 −0.04(−0.10, 0.02)

P2hBG 0.009 −2.52 6.35 <0.05 −0.07(−0.12,-0.015)
UA 0.07 7.26 52.70 <0.01 0.01(0.007, 0.012)

LDL 0.001 0.60 0.36 >0.05 0.085(−0.19, 0.36)

TG 0.04 5.40 29.15 <0.01 0.38(0.24, 0.52)
TC 0.003 1.42 2.02 >0.05 0.16(−0.06, 0.39)

HRF co-occurrence 0.05 6.26 39.20 <0.01 1.51(1.04, 1.98)
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decreasing. Regarding model 3, bootstrap validation approaches demonstrated that it suited the data well (p < 0.001). All 
following results are presented in a way unique to the three-class solution.

Figure 1 depicts the two-class model of HRFs and item-response probabilities for each class’s nine HRFs, which 
include SBP, DBP, FBG, P2hBG, HbA1c, TC, TG, HDL, and UA. Class 1 has a high likelihood of exposure to each of 
the 9 HRFs; so, we named this latent class “high risk” (26.4%); Class 2 has a low probability of exposure to each of the 9 
HRFs; thus, we labeled this latent class “low risk” (73.6%).

Multilevel Logistic Regression Between the Risk Factors and WC Group
According to multivariate variable analysis, HRFs was not positively correlated with the WC group: P25 (odds ratio [OR] 
=0.86, 95% CI: 0.48, 1.54), P50–P75 (OR = 1.25, 95% CI: 0.76, 2.05), and >P75 (OR = 1.62, 95% CI: 0.99, 2.63). There 
was a significant correlation between HRF co-occurrence and WC (Table 4).

The interaction between low UA (OR = 0.32, 95% CI: 0.18, 0.57) and lower TG (OR = 0.25, 95% CI: 0.16, 0.38) was 
negatively correlated with the high WC group. Similar results were also found in SBP (OR = 0.55, 95% CI: 0.36, 0.84) 
and DBP (OR = 0.55, 95% CI: 0.36, 0.84). The results are shown in Table 4.

Mediate Moderation Analysis
Mediate moderation analyses were performed with process, the results are shown in Table 5 and Table 6. The results 
demonstrated that the effect of HRFs on WC was not significantly moderated by age (β=−0.0075, P > 0.05). Particularly, 
the mediation of TSH on WC was significantly moderated by age (β=−0.062, P > 0.05).

Sensitivity Analysis (BMI)
Similar results were shown in Table 7 and Table 8, The results demonstrated that the effect of HOMA-IR on WC was 
significantly moderated by gender (β=1.06, p < 0.01). Particularly, the mediation of AGE on WC was significantly 
moderated by gender (β=−1.84, p < 0.05).

Table 3 Screening Results of Latent Categories Clustering of Health 
Risk Behaviors

AIC BIC aBIC LMR-LRT BLRT Entropy

1 <0.001 <0.001

2 6506.67 6593.36 6533.03 <0.001 <0.001 0.633

3 6425.22 6557.53 6465.45 0.4666 <0.001 0.569

Figure 1 The type of HRBs.
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In addition, we conducted moderated mediation analyses by adjusting for the previously mentioned factors. The findings 
showed that the effect of HRF clustering on WC was not substantially mitigated by age. TSH mediation on WC, in particular, 
was not substantially modulated by age (Table 9 and Table 10). Age considerably mitigated the effect of HRF co-occurrence 
on WC. Age, in particular, considerably attenuated the mediation of TSH on WC (Table 11 and Table 12).

Discussion
Research Significance
The current study looked at the correlation between HRFs, age and their respective associations with TSH as well as 
diabesity in a community-based sample of patients. First, we discovered that HRFs were connected with the WC group, 
and that there was an age trend between HRFs and the WC group. The average WC was (90.0 ± 10.33) cm, the overall 

Table 4 The Logistic Correlation Factors and Four WC Groups

≤P25 P25-P50 P50-P75 >P75

Gender
Female 1.0 1.0 1.0 1.0

Male 1.0 1.60(1.08, 2.38)* 1.94(0.24, 3.03)** 1.46(0.97, 2.20)

SBP
High 1.0 1.0 1.0 1.0

Low 1.0 0.98(0.64, 1.50) 1.03(0.64, 1.65) 0.55(0.36, 0.84)**

DBP
High 1.0 1.0 1.0 1.0

Low 1.0 0.86(0.52, 1.42) 0.62(0.36, 1.06) 0.53(0.32, 0.86)*
FBG

High 1.0 1.0 1.0 1.0

Low 1.0 0.79(0.48, 1.30) 0.63(0.34, 1.13) 0.78(0.64, 1.32)
P2hBG

High 1.0 1.0 1.0 1.0

Low 1.0 1.47(0.80, 2.69) 0.79(0.36, 1.70) 1.47(0.78, 2.75)
HbA1c

High 1.0 1.0 1.0 1.0

Low 1.0 0.96(0.52, 1.78) 0.67(0.32, 1.43) 1.03(0.55, 1.93)
TC

High 1.0 1.0 1.0 1.0

Low 1.0 1.31(0.80, 2.16) 1.32(0.75, 2.31) 0.72(0.45, 1.16)
TG

High 1.0 1.0 1.0 1.0

Low 1.0 0.59(0.39, 0.90)** 0.37(0.23, 0.59)** 0.25(0.16, 0.38)**
HDL

High 1.0 1.0 1.0 1.0

Low 0.54(0.36, 0.80)** 0.38(0.24, 0.60)** 0.54(0.35, 0.82)**
UA

High 1.0 1.0 1.0 1.0

Low 1.0 0.99(0.52, 1.88) 0.39(0.21, 0.73)** 0.32(0.18, 0.57)**
HRF

High 0.86(0.48, 1.54) 1.25(0.76, 2.05) 1.62(0.99, 2.63)

Low 1.0 1.0 1.0
HRF co-occurrence

≤3 1.0 1.0 1.0 1.0

4 1.0 1.29(0.78, 2.14) 1.25(0.67, 2.31) 1.25(0.68, 2.30)
5 1.0 1.48(0.87, 2.51) 1.62(0.87, 3.04) 2.46(1.37, 4.42)**

≥6 1.0 1.58(0.86, 2.91) 3.79(2.0, 7.16)** 5.50(2.98, 10.14)**

Note: *p < 0.05, **p < 0.01.
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prevalence in the >P75, P50~P75, P25~P50 and ≤ P25 groups were 23.3%, 23.7%, 26.4% and 25.9%, respectively. 
Furthermore, using the LCA technique, many HRF indicators were analyzed inside a theoretically generated model of 
impact variables on class membership. The high incidence of HRF clustering in our research was 26.4%. There was an 
interacting relationship between HRFs, age, TSH levels, and WC group, which is confirmed by prior research that 
established strategies of avoiding diabetes risk by modeling risk variables, with thyroid function as a probable mechan-
ism (thyroid hormones have an effect on the body’s energy expenditure because they control cellular respiration and 
thermogenesis, as well as the pace at which the body burns calories at rest).24,25

Table 6 Bootstrapped Conditional Direct and Indirect Effects (The Correlation Between 
ZTSH, HRF, Age and WC)

WC

Predictor HRF Effect SE (LL, UL)

Direct Effect Moderator (age) Low 3.3139 1.9333 −0.0523, 6.6801
Medium 2.2365 2.1054 0.15044.3227

High 1.1591 0.8653 −1.4715, 3.7897

Indirect effect Effect SE (LL, UL)
Predictor WC

Mediator (ZTSH) Low 0.0345 0.2358 −0.3347, 0.6514

Medium −0.0308 0.0822 −0.3243, 0.0419
High 0.0693 0.1654 −0.1519, 0.5163

Table 7 The Correlation Between ZTSH, HOMA-IR, Age and WC

Variables ZTSH WC

B t value P value B t value P value

HOMA-IR 0.027 0.24 >0.05 1.06 2.52 <0.05

Age 0.023 0.88 >0.05 0.07 0.73 >0.05
HOMA-IR×age −0.001 −0.46 >0.05 −0.0067 −0.96 >0.05

ZTSH 1.71 2.14 <0.05

ZTSH×age −0.023 −1.84 0.0662

R2 0.025 0.09

F 5.21 12.12

Notes: Mediate variables: ZTSH, moderated variables: age, independent variables: HOMA-IR, depen-
dent variables: WC. The model was uncontrolled covariates.

Table 5 The Correlation Between ZTSH, HRF, Age and WC

Variables ZTSH WC

B t value P value B t value P value

HRF 0.37 0.75 >0.05 7.02 1.32 >0.05

Age 0.025 1.69 >0.05 0.16 1.01 >0.05
HRF×age −0.0075 −0.96 >0.05 −0.08 −0.97 >0.05

ZTSH 4.08 1.79 >0.05

ZTSH×age −0.062 −1.75 >0.05

R2 0.026 0.012

F 5.52 1.52

Notes: Mediate variables: ZTSH, moderated variables: age, independent variables: HRFs, dependent variables: 
WC. The model was uncontrolled covariates.
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Second, younger age (β=−0.20) and gender difference (β=−0.35) are associated with HRFs; as a result, preventative 
actions for elderly individuals with higher problems are required.26 Younger age and female are also associated with high 
WC levels.27–29 Finally, there is a mediating link between age, metabolic indices, and HRFs, and age moderated the 
association between HRFs and WC levels. Age also moderated TSH and WC. Diabetes preventive strategies are also 
available, motivating current analyses of risk scores (including those explored here) to predict diabetes.24

Finally, we used the sensitivity analysis’s results to evaluate our robustness. Furthermore, we discovered a moderate 
relationship between HRFs, age, TSH level, and diabetes, and TSH coupled HRFs may show to be a complete evaluation 
approach for assessing metabolic disease development across all glycemic strata.

Table 9 The Correlation Between ZTSH, HRF, Age and BMI

Variables ZTSH BMI

B t value P value B t value P value

HRFs 0.37 0.75 >0.05 2.32 1.21 >0.05

Age 0.025 1.69 >0.05 0.017 0.30 >0.05
HRF×age −0.0075 −0.96 >0.05 −0.26 −0.86 >0.05

ZTSH 1.52 1.83 >0.05

ZTSH×age −0.02 −1.57 >0.05

R2 0.026 0.025

F 5.52 3.18

Notes: Mediate variables: ZTSH, moderated variables: age, independent variables: HRFs, 
dependent variables: WC. The model was uncontrolled covariates.

Table 10 Bootstrapped Conditional Direct and Indirect Effects (The 
Correlation Between ZTSH, HRF, Age and BMI)

WC

Predictor HRFs Effect SE (LL, UL)

` Moderator (age) Low 1.1227 0.6226 −0.0999, 2.3453

Medium 0.7734 0.3858 0.0158, 1.5311
High 0.4242 0.4865 −0.5313, 1.3796

Indirect effect Effect SE (LL, UL)
Predictor WC

Mediator (ZTSH) Low 0.0165 0.1008 −0.1717, 0.2460

Medium −0.0239 0.0412 −0.1673, 0.0232
High −0.0104 0.0571 −0.1779, 0.0657

Table 8 Bootstrapped Conditional Direct and Indirect Effects (The Correlation Between 
ZTSH, HOMA-IR, Age and WC)

WC

Predictor HOMA-IR Effect SE (LL, UL)

Direct Effect Moderator (age) Low 0.7524 0.1320 0.4932, 1.0117
Medium 0.6630 0.0972 0.4721, 0.8538

High 0.5735 0.1369 0.3046, 0.8425

Indirect effect Effect SE (LL, UL)
Predictor WC

Mediator (ZTSH) Low −0.0082 0.0207 −0.0647, 0.0263

Medium −0.0087 0.0122 −0.0432, 0.0076
High −0.0023 0.0150 −0.0529, 0.0172
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Correlations Between the Thyroid Function, Age, HRFs and Four WC Group
Obesity is a complicated condition that is caused by a number of variables, including but not limited to genetics, epigenetics, 
dietary and food environment, physical activity, metabolism, psychological impacts, and environmental factors.3,30 The 
justification for their focus on the causation of disease based on metabolic indicators and thyroid function is that, while 
disability has been acknowledged, few research study key components and underlying regulatory mechanisms, such as the 
hypothalamic-pituitary-thyroid (HPT) axis and obesity,25 so in this study, we looked at the correlation between TSH and 
obesity, the relationship between HRFs and TSH, as well as age and WC. Previous examined that a slight increase in serum 
levels of the thyroid-stimulating hormone (TSH) and a higher rate of conversion of thyroxine (T4) to triiodothyronine (T3) in 
obesity.31 One data from the National Health and Nutrition Examination Survey (NHANES) reported that a positive 
association between dietary inflammatory (DII) and total T4,32 which DII were also correlated with obesity.33 There was 
also related correlation between TSH and metabolic syndrome, which stated that clinically hypothyroid subjects had the 
highest prevalence of MetS (41.6%), abdominal obesity (45%), and hypertriglyceridemia (58%) compared to other groups, 
and there was higher risk of Mets in subclinically hypothyroid subjects, aged>50.34 Furthermore, HRFs that remain normal 
have been clearly recognized as viable targets for public health initiatives, not only because HRFs and aging are significantly 
linked to obesity, but also because they provide a combined effect with TSH value.

In our research, we also looked at the relationship between thyroid function and lipid profiles.35 Previous study has 
revealed that local T3 affects the expression of several proteins involved in lipid metabolic cycle, and lipogenesis is essential 
for the maintenance of lipid storage, which is necessary to provide free fatty acids to activate UCP1.36 In addition, the AMPK 
signal is also involved in the above correlation. Activation of AMPK increases fatty acid oxidation.37 In a cross-sectional 
study of a Chinese population, it was discovered that women in the subclinical and overt hypothyroidism groups had 

Table 11 The Correlation Between ZTSH, HRF Co-occurrence, Age and WC

Variables ZTSH WC

B t value P value B t value P value

HRF co-occurrence 0.027 0.24 >0.05 3.85 3.32 <0.01

Age 0.023 0.88 >0.05 0.52 1.97 <0.01
HRF co-occurrence×age −0.001 −0.46 >0.05 −0.036 −1.86 >0.05

ZTSH 4.81 2.17 <0.05

TSH×age −0.072 −2.12 <0.05

R2 0.025 0.074

F 5.21 9.84

Notes: Mediate variables: ZTSH, moderated variables: age, independent variables: HRFs, dependent vari-
ables: WC. The model was uncontrolled covariates.

Table 12 Bootstrapped Conditional Direct and Indirect Effects (The Correlation Between 
ZTSH, HRF Co-occurrence, Age and WC)

WC

Predictor HRF co-occurrence Effect SE (LL, UL)

Direct effect Moderator (age) Low 2.2072 0.3642 1.4920, 2.9223

Medium 1.7298 0.2681 1.2033, 2.2563
High 1.2521 0.3778 0.5105, 1.9943

Indirect effect Effect SE (LL, UL)

Predictor HRF
Mediator (ZTSH) Low −0.0184 0.0508 −0.1611, 0.0602

Medium −0.0127 0.0245 −0.0915, 0.0174

High 0.0150 0.0404 −0.0293, 0.1605
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significantly higher BMI, waist circumference, TGs, SBP, and DBP levels than those in the euthyroid group.38 These almost 
verified that metabolic syndrome incidence is significantly influenced by thyroid function.38

Limitations and Strength
However, the present study has some limitations that should be taken into consideration. To begin, this was a one-time 
study that did not involve any long-term follow-up, thus the relative risk could not be evaluated. As a result, to assess 
the relative risk of FT3 levels within the normal range and obesity in people with type 2 diabetes, additional 
prospective and longitudinal studies are required. Second, metabolic indicators and thyroid function were only 
assessed once, which might have resulted in incorrect classifications. Third, we did not measure the population’s 
reverse triiodothyronine level (rT3). Because diabetes is linked with a low triiodothyronine (T3) syndrome, which 
predisposes to hypothyroidism, the connection between hypothyroidism and other variables may have been over-
estimated in this research. Furthermore, the proportion of male patients was substantially higher than the percentage of 
female patients, which may have an impact on the relationship between thyroid hormone levels and obesity in female 
patients.

There were also some strengths in our study, the study used the correlation between health risk factors and TSH level 
to study diabesity and lipid profiles, which can provide a solid theoretical basis for the subsequent combined treatment of 
behavioral intervention in diabetic patients. This research group will conduct additional studies in the future to further 
explore the predictive value of these HRFs for clinical outcomes and ultimately as a potential surrogate value for the 
growing cohort of diabetic patients worldwide. In addition, this study adopted a multicenter and multilevel design and 
included participants from 4 regions, which was representative to a certain extent.

Implication and Future Direction
The findings of the present study have clinical relevance. First, we show that higher-level HRFs are more likely to show 
diabesity. Identifying individuals at risk for diabesity based on their HRFs would enable early intervention, addressing 
their different exposure to environments. Second, different HRFs are factors associated with negative TSH level, and 
further deepening and guiding our understanding can improve the prevention, diagnosis, and treatment of thyroid 
problems. Third, the size of the relationship between HRFs, age and diabesity is probably not small, which is expected 
given the complexity of the different factors that influence the onset and maintenance of diabesity. In the future, we will 
further determine the possible reasons for the correlation between the comprehensive different influencing factors interact 
with each other background and diabesity.

Conclusions
Glycolipids and thyroid function are modifiable risk factors for diabetes and metabolic illnesses, as well as for 
promoting healthy metabolism. Most health surveys now include waist circumference, which is slightly more 
associated with body fat and also indicates body fat distribution.39 According to research demonstrating that WC 
and BMI can be used as indicators to predict the severity of diabetes, they were employed as outcome variables in 
this study to observe the influencing factors that may contribute to diabetes combined with obesity (diabesity).40,41 

Early detection of the impact of diabetes on the HPT system would allow for the most effective prevention of 
metabolic syndrome. Future research is needed to investigate the prognostic value of these health risk factors for 
clinical outcomes and, ultimately, as potential alternative HRF end-points in the growing global cohort of diabetic 
patients.
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