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ABSTRACT

Objectives: To investigate the relationship between triglyceride/high-density
lipoprotein cholesterol (TG/HDL-C) ratio and metabolic syndrome in the elderly
population of China, and to determine the best critical value of TG/HDL-C in

predicting metabolic syndrome in this population.
Design: Cross-sectional study.

Setting: Our study was conducted in a community physical examination center in

Wuhan, China between January 1, 2016 and December 31, 2016.

Participants: The physical examination data from 1267 elderly people (aged over 65
years) in the community were analyzed in this study. The average age of the study

participants was 71.64 + 5.605 years.

Primary outcome measures: Correlation between the TG/HDL-C ratio and metabolic
syndrome; the optimum cutoff of the TG/HDL-C ratio for the prediction of metabolic

syndrome.

Results: The TG/HDL-C ratio showed a significant positive correlation with metabolic
syndrome (r = 0.420, p < 0.001) in the elderly Chinese population. Binary logistic
regression analysis showed that the TG/HDL-C ratio was an independent risk factor
for metabolic syndrome (odds ratio = 3.07 [95% Cl: 2.402, 3.924], p < 0.001) after
adjusting for blood pressure, blood glucose, age, sex, and body mass index. The
receiver operating characteristic curves of TG/HDL-C ratio and metabolic syndrome
showed that in the elderly population a TG/HDL-C ratio of 1.49 can be used as the
critical value for predicting metabolic syndrome. At this value, the specificity and

sensitivity of the measure were optimal (80.8% and 72.4%, respectively).

Conclusion: In this study, we found a significant correlation between TG/HDL-C ratio
and metabolic syndrome. Therefore, the TG/HDL-C ratio can be used to predict

metabolic syndrome among elderly people in China.

Keywords: Metabolic syndrome; Triglyceride-to-HDL cholesterol ratio;
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Cardiovascular disease.

Strengths and limitations of this study

The study sample had a wide age range (65—93 years), and the study included
information on their basic characteristics like sex, waist circumference (WC),
marital status, diagnosis of hypertension, etc.

This study is the first to explore the correlation between the TG/HDL-C ratio and
metabolic syndrome among elderly Chinese people.

Our study did not adjust for possible confounders such as exercise and
lipid-regulating drugs.

The study population came from only one community.
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INTRODUCTION

Metabolic syndrome (MetS) refers to a pathological state involving the impaired
metabolism of proteins, fats, carbohydrates, and other substances in the human
body. It is a complex group of metabolic disorder syndromes, including risk factors
associated with cardiovascular disease (CVD) and diabetes.[1, 2] The prevalence of
MetS is high and rapidly increasing among the elderly population in China.[3] Risk
factors include central obesity, increased blood pressure, increased fasting blood
glucose (FBG) levels, and abnormal blood lipids. The prevalence of cardiovascular
events and the risk of mortality are higher among patients with MetS than among
the general population.[4] Therefore, the early diagnosis of MetS and timely
intervention can prevent the unnecessary complications related to its progression
and help reduce the risk of CVD caused by metabolic disorders. From a clinical
perspective, individuals can benefit from the establishment of appropriate diagnostic
methods and criteria that can accurately distinguish patients with MetS from healthy

people.

This study aimed to explore the correlation between the ratio of triglycerides to
high-density lipoprotein cholesterol in the blood (TG/HDL-C) and MetS in the elderly
Chinese population, calculate the cutoff value of TG/HDL-C to predict MetS in this
population, and determine the optimal critical value for predicting MetS, in order to
provide a theoretical basis for the early identification and management of elderly
patients with MetS, as well as prevent the development of cardiovascular and

cerebrovascular diseases.
PARTICIPANTS AND METHODS
Study population

This was a cross-sectional study , involving data from 1267 elderly individuals
examined and interviewed at a community physical examination center, between

January 1, 2016 and December 31, 2016.
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Participants’ data were included in this study if the patient met all of the
following inclusion criteria: lived in China, aged > 65 years, provided basic
demographic information, provided accurate biochemical measurements, and

consented to a full clinical examination.

Participants were excluded if they met one or more of the following exclusion
criteria: incomplete data provided; presence of one of the following conditions:
physical disability, acute infection, acute myocardial infarction, acute cerebral
infarction, renal failure, dialysis, or active stage malignancies; or use of the following

medications: hormone replacement therapy and oral or injectable glucocorticoids.
Clinical characteristics

Data for this study were obtained from the physical examination records of the
elderly people in the community. General demographic and clinical data such as age,
sex, marital status, height, weight, WC, and history of hypertension were obtained
through oral interview. The doctor used a mercury sphygmomanometer on the
upper arm to measure blood pressure—systolic blood pressure (SBP) and diastolic
blood pressure (DBP). The average value of two blood pressure measurements taken

at least five minutes apart was used.
Biochemical parameters

Biochemical indices including FBG, blood lipids, and uric acid (UA) were all
measured using venous blood obtained from the participants on an empty stomach.
Levels of serum UA, TGs, HDL-C and low-density lipoprotein cholesterol (LDL-C), and
fasting blood glucose (FBG) were measured using Roche E602 and Roche C701

(both of which are automatic biochemical analyzers) .
Definition of metabolic syndrome in this study

The diagnosis of MetS in this study was made according to the following

definition provided by the Chinese Diabetes Society:

1. Overweight and/or obese: Body Mass Index (BMI) > 25 kg/m?2.
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2. Hyperglycemia: FBG = 6.1 mmol/L (110 mg/dL), and/or 2h-plasma glucose (2h-PG)

> 7.8 mmol/L (140 mg/dL), and/or people with diagnosed and treated diabetes.

3. Hypertension: SBP/DBP > 140/90 mm Hg and/or with diagnosed and treated

hypertension.

4. Dyslipidemia: Fasting TGs = 1.7 mmol/L (150 mg/dL) and/or fasting blood HDL-C <
0.9 mmol/L (35 mg/dL) (among males) and < 1.0 mmol/L (39 mg/dL) (among

females).
MetS was diagnosed if at least three of the above four components were present.
Participant and public involvement

Participants were not involved in the design or conduct of the study.lt is an
anonymous, non-invasive examination, only oral notification, waiving the signing of

written informed consent.
Ethics approval

This study was conducted in accordance with the contents of the Declaration of
Helsinki. Since this study included deidentified data, participants were not required

to provide informed consent.
Statistical analyses

First, the data were divided into two groups according to the diagnosis of MetS,
MetS group and non-MetS group. The percentage of participants in the above two
groups that were positive for each component were reported and compared using
the chi-square (X?) test. The mean value =+ standard deviation (SD) was calculated
for each of the continuous variables and compared using independent-samples
t-tests, and other categorical variables were compared using the X2 test. The
Kendall’s tau-b and Spearman’s Rank correlation coefficients were used to analyze
the correlation between MetS and the TG/HDL-C ratio, UA, BMI, WC, age, sex, and

education. Binary logistic regression was used to analyze risk factors, and the results
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for each risk factor were described in terms of the non-standardized coefficient B,
odds ratio (OR), its 95% confidence interval (95% Cl), and p value. A receiver

operating characteristic curve of MetS vs TG/HDL-C ratio was drawn to determine

the optimum cutoff point for MetS diagnosis.

RESULTS

Clinical characteristics

The characteristics of the 1267 participants included in this study are shown in

Table 1. The mean age of the participants was 71.64 + 5.605 years. Participants

diagnosed with MetS (MetS group) have statistically significant differences in the

TG/HDL-C ratio, age, blood pressure, WC, FBG, UA level, hypertension, TG, and

HDL-C compared with participants not diagnosed with MetS (Non-MetS group).

Table 1 Clinical characteristics of the different groups

Characteristic or Non-Met$S
MetS (N = 234) p-value

parameter (N =1033)

Mean + SD Mean + SD
Age, years 71.64 * 5.605 71.39+5.409 <0.001
BMI, kg/m? 27.14+3.19 23.98+3.25 <0.001
DBP, mm Hg 82.97 +10.97 76.54+11.29 <0.001
SBP, mm Hg 148.08 + 13.82 131.26 +18.17 <0.001
Waist circumference, cm 68.42 +10.29 60.39+9.94 <0.001
TG/HDL-C 2.07+1.09 1.17+0.89 <0.001
TC, mmol/L 4.78 £1.10 4.60 £ 0.89 0.024
HDL, mmol/L 1.02+0.22 2.75+0.77 <0.001
LDL, mmol/L 29210091 2.76 £0.76 0.005
UA, umol/L 381.91+95.01 337.31+89.48 <0.001
FBG, mmol/L 6.76 £ 2.03 5.33+1.18 <0.001

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 19



Page 9 of 19

oNOYTULT D WN =

BMJ Open
N (%) N (%)
Sex (% male) 107 (45.72) 449 (43.46%) 0.560
Hypertension 205 (87.61) 332(32.14) <0.001
Abnormal ECG 148 (63.25) 615 (59.54) 0.302

Variables are described in terms of either mean * SD or percentage. The p-value was
calculated using the Student’s t-test or the X? test. BMI: body mass index; SBP:
systolic blood pressure; TC: total cholesterol; TG: triglyceride; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA: uric acid;

FBG: Fasting blood glucose; MetS: metabolic syndrome

Bivariate correlation analyses between the covariates and MetS

The results of the bivariate correlation analyses are shown in Table 2. The
TG/HDL-C ratio, UA, BMI, WC, FBG, TG, DBP, SBP, and age were significantly
correlated with MetS; however, sex, marital status, education, and ECG results were

not.

Table 2 Correlations of patient characteristics with diagnosis of metabolic syndrome

Characteristic or

r p-value
parameter
TG/HDL-C 0.420 <0.001
UA, mmol/L 0.189 <0.001
BMI, kg/m? 0.363 <0.001
Waist circumference 0.308 <0.001
FBG, mmol/L 0.364 <0.001
LDL-C, mmol/L 0.059 0.037
HDL-C, mmol/L -0.301 <0.001
TC, mmol/L 0.057 0.044
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TG

Sex

ECG

Age, years
Education
Hypertension
Marital status
DBP, mm Hg

SBP, mm Hg

0.383
0.018
0.03
-0.012
-0.012
0.436
-0.010
0.217

0.381

<0.001
0.530
0.286
0.672
0.647
<0.001
0.712
<0.001

<0.001

r = Kendall’s tau-b correlation coefficient or Spearman’s Rank correlation coefficient

Logistic regression analysis between TG/HDL-C ratio and MetS

Model 1 shows the association between the TG/HDL-C ratio and MetS without

adjusting for any confounders (Table 3). The TG/HDL-C ratio is an independent risk

factor for MetS. The unadjusted OR is 2.280 (95% Cl: 1.947, 2.670), p < 0.001. After

adjusting for potential confounders, we found that the TG/HDL-C ratio is still an

independent risk factor for MetS (OR = 3.07 [95% Cl: 2.402, 3.924], p < 0.001).

Table 3 Logistic regression results of the association of patient characteristics with

MetsS.

Model Exposure B p-value OR (95% Cl)

Model 1 TG/HDL-C 0.824 <0.001 2.280(1.947, 2.670)
TG/HDL-C 1.136 <0.001  3.113(2.442,3.970)
UA 0.003 0.022 1.003 (1.000, 1.005)

Model 2 BMI 0.305 <0.001 1.357 (1.264, 1.457)
FBG 0.791 <0.001 2.205 (1.896, 2.564)
Hypertensio -4.469 <0.001 0.011 (0.005, 0.028)
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n
SBP -0.009 0.351 0.991 (0.974, 1.009)
DBP -0.001 0.905 0.999 (0.979, 1.019)
TG/HDL-C 1.122 <0.001 3.070 (2.402, 3.924)
UA 0.003 0.023 1.003 (1.000, 1.005)
BMI 0.299 <0.001 1.349 (1.225, 2.556)
FBG 0.787 <0.001 2.198 (1.890, 2.556)
Hypertensio

Model 3 -4.459  <0.001 0.012 (0.005, 0.029)
n
SBP -0.007 0.461 0.993 (0.975, 1.011)
DBP -0.004 0.733 0.996 (0.975, 1.018)
Age -0.024 0.254  0.976 (0.937, 1.017)
Sex -0.057 0.812 0.945 (0.593, 1.507)

DBP

Model 1: crude model; Model 2: adjusted for UA, BMI, FBG, history of hypertension,

SBP, DBP; Model 3: adjusted for age, sex, UA, BMI, FBG, history of hypertension, SBP,

Receiver operating characteristic curve

By drawing receiver operating characteristic (ROC) curves, we found the best

critical value is 1.49; the specificity and sensitivity were optimal (80.8% and 72.4%,

respectively).

Figurel Receiver operating characteristic curve

As shown in Figure 1, the horizontal axis represents one minus the specificity,

and the vertical axis represents sensitivity. The area under the curve (AUC) for the

TG vs HDL-C graph was 0.813 (95% Cl: 0.784, 0.842), with a statistically significant

prediction effect (p < 0.001).The Jordan index is 0.532,which also indicates that

TG/HDL ratio has a good effect in predicting metabolic syndrome.

DISCUSSION
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In this study, we verified the correlation between the TG/HDL-C ratio and MetS,
and our results established the accuracy of the TG/HDL-C ratio as a diagnostic

predictor of MetS among the elderly people in China.

In metabolic syndrome, TG and HDL are part of the diagnostic criteria, but the
International Diabetes Association does not include TG/HDL-C ratio in the diagnosis
of metabolic syndrome.[5] However, TG/HDL-C ratio seems to play an important role
in metabolic disorders.[6] Large-scale prospective studies show that the TC/HDL-C
ratio can be used as a reliable index to predict coronary heart disease and
death.[7-14] A large number of studies have shown that TG/HDL-C can be used as a
simple alternative indicator of insulin resistance.[15, 17] NCEP ATP lli(the National
Cholesterol Education Program Adult Treatment Panellll)is the commonly used
diagnostic standard of metabolic syndrome in the world. It considers insulin
resistance, hypertension, atherosclerosis, and abdominal obesity as diagnostic
criteria,[18] which indirectly shows that TG/HDL-C is feasible to predict metabolic
syndrome. Recently, the TC/HDL-C ratio has been proposed as an alternative method
to diagnose MetS. In a study of children and adolescents with obesity, the TG/HDL-C
ratio had high sensitivity (80%) and specificity (75%) to MetS, with a cutoff point of
1.25.[6] In our study on an elderly population, a TG/HDL-C ratio of 1.49 was found to
be the best critical value for predicting MetS. Clinical studies have shown that the
TG/HDL-C ratio can be used to predict MetS and to assess the risk of cardiovascular
events in older people.[19, 20] Most studies are limited to specific populations and
races. For example, the TG/HDL-C ratio has been found to have a high predictive
value for MetS among Korean adolescents.[21] Prior to our study, research on the
link between TG/HDL-C and MetS in the Chinese elderly was rare. Additionally, many
clinical trials to date have shown that lipid metabolism disorder has toxic effects on
cells, which can affect the function of islet B cells and cause or aggravate insulin
resistance.[22] Insulin resistance and deficiency of insulin secretion can further
aggravate lipid metabolism disorders.[23,24] In the future, studies can carefully

investigate the effectiveness of the TG/HDL-C ratio in the diagnosis of insulin
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resistance since these measurements are usually easier to obtain than performing

the insulin resistance test.

In our study, uric acid also showed a significant positive correlation with MetS.
Experimental studies have shown that uric acid can penetrate smooth muscle fibers
through the organic anion transport system, thereby activating various transmission
pathways and increasing the expression of inflammatory mediators.[25,26]
Therefore, further research into the relationship between uric acid and metabolic

syndrome are needed in the future.

Our study found that with an increase in the TG/HDL-C ratio there was a gradual
increase in the number of people diagnosed with MetS. The early detection of
patients at a high risk for MetS through the measurement of the TG/HDL-C ratio can
help to actively prevent or treat them before disease symptoms appear, thus

providing patients with the greatest clinical benefit.
Limitations

The study participants all come from one community in China; therefore, the
sample may not be representative of the elderly population in China. We recruited
only those who had completed the comprehensive health examination, which may
have biased our main findings. In addition, our analysis adjusted for age, sex, etc.,
but not for physical exercise and diet that are known to affect blood lipids. We

expect more research to be done in the future based on this study.
CONCLUSIONS

We found a strong correlation between the TG/HDL-C ratio and MetS. Elderly
Chinese people with a high TG/HDL-C ratio are at high risk of MetS. In our study
sample, a TG/HDL-C ratio of 1.49 was found to be the optimal critical value for
predicting MetS. This study is of great significance for the early identification and
management of MetS among the elderly people in China. The measurement of the

TG/HDL-C ratio can help clinicians to identify elderly people who need targeted
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treatment, management, and follow-up.
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FIGURE LEGENDS

Figure 1. Receiver operating characteristic (ROC) curve of the TG/HDL-C ratio as a
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predictor of metabolic syndrome
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ABSTRACT

Objectives: To investigate the relationship between triglyceride/high-density
lipoprotein cholesterol (TG/HDL-C) ratio and metabolic syndrome in the elderly
population of China, and to determine the best critical value of TG/HDL-C in higher

risk of metabolic syndrome in this population.
Design: Cross-sectional study.

Setting: Our study was conducted in a community physical examination center in

Wuhan, China between January 1, 2016 and December 31, 2016.

Participants: The physical examination data from 1267 elderly people (aged over 65
years) in the community were analyzed in this study. The average age of the study

participants was 71.64 + 5.605 years.

Primary outcome measures: Correlation between the TG/HDL-C ratio and metabolic
syndrome; the optimum cutoff of the TG/HDL-C ratio for the prediction of metabolic

syndrome.

Results: The TG/HDL-C ratio showed a significant positive correlation with metabolic
syndrome (r = 0.420, p < 0.001) in the elderly Chinese population. Binary logistic
regression analysis showed that the TG/HDL-C ratio was an independent risk factor
for metabolic syndrome (odds ratio = 3.07 [95% Cl: 2.402, 3.924], p < 0.001) after
adjusting for blood pressure, blood glucose, age, sex, and body mass index. The
receiver operating characteristic curves of TG/HDL-C ratio and metabolic syndrome
showed that in the elderly population a TG/HDL-C ratio of 1.49 can be used as the
critical value for a higher risk of metabolic syndrome. At this value, the specificity

and sensitivity of the measure were optimal (80.8% and 72.4%, respectively).

Conclusion: In this study, we found a significant correlation between TG/HDL-C ratio
and metabolic syndrome. Therefore, the TG/HDL-C ratio metabolic syndrome

among elderly people in China.

Keywords: Metabolic syndrome; Triglyceride-to-HDL cholesterol ratio;
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Cardiovascular disease.

Strengths and limitations of this study

The study sample had a wide age range (65-93 years), and the study included
information on their basic characteristics like sex, waist circumference (WC),
marital status, diagnosis of hypertension, etc.

This study is the first to explore the correlation between the TG/HDL-C ratio and
metabolic syndrome among elderly Chinese people.

Our study is a cross-sectional study, which cannot reflect the causal relationship
between TG/HDL and metabolic syndrome.

Our study did not adjust for possible confounders such as exercise and
lipid-regulating drugs.

The study population came from only one community.
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INTRODUCTION

Metabolic syndrome (MetS) refers to a pathological state involving the impaired
metabolism of proteins, fats, carbohydrates, and other substances in the human
body. It is a complex group of metabolic disorder syndromes, including risk factors
associated with cardiovascular disease (CVD) and diabetes.[1, 2] The prevalence of
MetS is high and rapidly increasing among the elderly population in China.[3] Risk
factors include central obesity, increased blood pressure, increased fasting blood
glucose (FBG) levels, and abnormal blood lipids. The prevalence of cardiovascular
events and the risk of mortality are higher among patients with MetS than among
the general population.[4] Therefore, the early diagnosis of MetS and timely
intervention can prevent the unnecessary complications related to its progression
and help reduce the risk of CVD caused by metabolic disorders. From a clinical
perspective, individuals can benefit from the establishment of appropriate diagnostic
methods and criteria that can accurately distinguish patients with MetS from healthy

people.

This study aimed to explore the correlation between the ratio of triglycerides to
high-density lipoprotein cholesterol in the blood (TG/HDL-C) and MetS in the elderly
Chinese population, calculate the cutoff value of TG/HDL-C for higher risk of MetS in
this population, and determine the optimal critical value for higher risk of MetS, in
order to provide a theoretical basis for the early identification and management of
elderly patients with MetS, as well as prevent the development of cardiovascular and

cerebrovascular diseases.
PARTICIPANTS AND METHODS
Study population

This was a cross-sectional study , involving data from 1267 elderly individuals
examined and interviewed at a community physical examination center, between

January 1, 2016 and December 31, 2016.
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Participants’ data were included in this study if the patient met all of the
following inclusion criteria: lived in China, aged > 65 years, provided basic
demographic information, provided accurate biochemical measurements, and

consented to a full clinical examination.

Participants were excluded if they met one or more of the following exclusion
criteria: incomplete data provided; presence of one of the following conditions:
physical disability, acute infection, acute myocardial infarction, acute cerebral
infarction, renal failure, dialysis, or active stage malignancies; or use of the following

medications: hormone replacement therapy and oral or injectable glucocorticoids.
Clinical characteristics

Data for this study were obtained from the physical examination records of the
elderly people in the community. General demographic and clinical data such as age,
sex, marital status, height, weight, WC, and history of hypertension were obtained
through oral interview. The doctor used a mercury sphygmomanometer on the
upper arm to measure blood pressure—systolic blood pressure (SBP) and diastolic
blood pressure (DBP). The average value of two blood pressure measurements taken

at least five minutes apart was used.
Biochemical parameters

Biochemical indices including FBG, blood lipids, and uric acid (UA) were all
measured using venous blood obtained from the participants on an empty stomach.
Levels of serum UA, TGs, HDL-C and low-density lipoprotein cholesterol (LDL-C), and
fasting blood glucose (FBG) were measured using Roche E602 and Roche C701

(both of which are automatic biochemical analyzers) .
Definition of metabolic syndrome in this study

The diagnosis of MetS in this study was made according to the following

definition provided by the Chinese Diabetes Society:

1. Overweight and/or obese: Body Mass Index (BMI) > 25 kg/m?2.
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2. Hyperglycemia: FBG = 6.1 mmol/L (110 mg/dL), and/or 2h-plasma glucose (2h-PG)

> 7.8 mmol/L (140 mg/dL), and/or people with diagnosed and treated diabetes.

3. Hypertension: SBP/DBP > 140/90 mm Hg and/or with diagnosed and treated

hypertension.

4. Dyslipidemia: Fasting TGs = 1.7 mmol/L (150 mg/dL) and/or fasting blood HDL-C <
0.9 mmol/L (35 mg/dL) (among males) and < 1.0 mmol/L (39 mg/dL) (among

females).
MetS was diagnosed if at least three of the above four components were present.
Participant and public involvement

Participants were not involved in the design or conduct of the study.lt is an
anonymous, non-invasive examination, only oral notification, waiving the signing of

written informed consent.

Ethics approval

This study was conducted in accordance with the contents of the Declaration of
Helsinki. Since this study included identified data, participants were not required to
provide informed consent. The study was approved by the Institutional Review
Board of Tongji Medical College, Huazhong University of Science and

Technology.(5273)

Statistical analyses

First, the data were divided into two groups according to the diagnosis of MetS,
MetS group and non-MetS group. The percentage of participants in the above two
groups that were positive for each component were reported and compared using

the chi-square (X?) test. The mean value £ standard deviation (SD) was calculated
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for each of the continuous variables and compared using independent-samples
t-tests, and other categorical variables were compared using the X? test. The
Kendall’s tau-b and Spearman’s Rank correlation coefficients were used to analyze
the correlation between MetS and the TG/HDL-C ratio, UA, BMI, WC, age, sex, and
education. Binary logistic regression was used to analyze risk factors, and the results
for each risk factor were described in terms of the non-standardized coefficient B,
odds ratio (OR), its 95% confidence interval (95% Cl), and p value. A receiver
operating characteristic curve of MetS vs TG/HDL-C ratio was drawn to determine

the optimum cutoff point for MetS diagnosis.

RESULTS
Clinical characteristics

The characteristics of the 1267 participants included in this study are shown in
Table 1. The mean age of the participants was 71.64 + 5.605 years. Participants
diagnosed with MetS (MetS group) have statistically significant differences in the
TG/HDL-C ratio, age, blood pressure, WC, FBG, UA level, hypertension, TG, and

HDL-C compared with participants not diagnosed with MetS (Non-MetS group).

Table 1 Clinical characteristics of the different groups

Characteristic or Non-MetS
MetS (N = 234) p-value

parameter (N =1033)

Mean * SD Mean = SD
Age, years 71.64 + 5.605 71.39 £5.409 <0.001
BMI, kg/m? 27.14+3.19 23.98+3.25 <0.001
DBP, mm Hg 82.97 £+ 10.97 76.54+11.29 <0.001
SBP, mm Hg 148.08 + 13.82 131.26 +18.17 < 0.001
Waist circumference, cm 68.42 + 10.29 60.39+9.94 < 0.001
TG/HDL-C 2.07£1.09 1.17+0.89 <0.001
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TC, mmol/L 4.78 +£1.10 4.60 +0.89 0.024
HDL, mmol/L 1.02+0.22 2.75+0.77 <0.001
LDL, mmol/L 292+0.91 2.76 £ 0.76 0.005
UA, umol/L 381.91+95.01 337.31+89.48 <0.001
FBG, mmol/L 6.76 £ 2.03 5.33+1.18 <0.001
N (%) N (%)
Sex (% male) 107 (45.72) 449 (43.46%) 0.560
Hypertension 205 (87.61) 332 (32.14) <0.001
Abnormal ECG 148 (63.25) 615 (59.54) 0.302

Variables are described in terms of either mean * SD or percentage. The p-value was

calculated using the Student’s t-test or the X? test. BMI: body mass index; SBP:

systolic blood pressure; TC: total cholesterol; TG: triglyceride; HDL-C: high-density

lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA: uric acid;

FBG: Fasting blood glucose; MetS: metabolic syndrome

Bivariate correlation analyses between the covariates and MetS

The results of the bivariate correlation analyses are shown in Table 2. The

TG/HDL-C ratio, UA, BMI, WC, FBG, TG, DBP, SBP, and age were significantly

correlated with MetS; however, sex, marital status, education, and ECG results were

not.

Table 2 Correlations of patient characteristics with diagnosis of metabolic syndrome

Characteristic or

r p-value
parameter
TG/HDL-C 0.420 <0.001
UA, mmol/L 0.189 <0.001
BMI, kg/m? 0.363 <0.001
Waist circumference 0.308 <0.001
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FBG, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
TC, mmol/L
TG

Sex

ECG

Age, years
Education
Hypertension
Marital status
DBP, mm Hg

SBP, mm Hg

0.364
0.059
-0.301
0.057
0.383
0.018
0.03
-0.012
-0.012
0.436
-0.010
0.217

0.381

<0.001
0.037
<0.001
0.044
<0.001
0.530
0.286
0.672
0.647
<0.001
0.712
<0.001

<0.001

r = Kendall’s tau-b correlation coefficient or Spearman’s Rank correlation coefficient

Logistic regression analysis between TG/HDL-C ratio and Met$S

Model 1 shows the association between the TG/HDL-C ratio and MetS without

adjusting for any confounders (Table 3). The TG/HDL-C ratio is an independent risk

factor for MetS. The unadjusted OR is 2.280 (95% Cl: 1.947, 2.670), p < 0.001. After

adjusting for potential confounders, we found that the TG/HDL-C ratio is still an

independent risk factor for MetS (OR = 3.07 [95% Cl: 2.402, 3.924], p < 0.001).

Table 3 Logistic regression results of the association of patient characteristics with
MetS.

Model Exposure B p-value OR (95% Cl)
Model 1 TG/HDL-C 0.824 <0.001 2.280(1.947, 2.670)
Model 2 TG/HDL-C 1.136 <0.001  3.113(2.442,3.970)
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UA 0.003 0.022 1.003 (1.000, 1.005)
BMI 0.305 <0.001  1.357(1.264, 1.457)
FBG 0.791 <0.001 2.205 (1.896, 2.564)
Hypertension -4.469 <0.001 0.011 (0.005, 0.028)
SBP -0.009 0.351 0.991 (0.974, 1.009)
DBP -0.001 0.905  0.999 (0.979, 1.019)
TG/HDL-C 1.122 <0.001 3.070 (2.402, 3.924)
UA 0.003 0.023 1.003 (1.000, 1.005)
BMI 0.299 <0.001 1.349 (1.225, 2.556)
FBG 0.787 <0.001  2.198(1.890, 2.556)
Model 3  Hypertension -4.459 <0.001 0.012 (0.005, 0.029)
SBP -0.007 0.461 0.993 (0.975, 1.011)
DBP -0.004 0.733  0.996 (0.975, 1.018)
Age -0.024 0.254 0.976 (0.937, 1.017)
Sex -0.057 0.812  0.945 (0.593, 1.507)

DBP

Model 1: crude model; Model 2: adjusted for UA, BMI, FBG, history of hypertension,

SBP, DBP; Model 3: adjusted for age, sex, UA, BMI, FBG, history of hypertension, SBP,

Receiver operating characteristic curve

By drawing receiver operating characteristic (ROC) curves, we found the best

respectively).

Figurel Receiver operating characteristic curve

critical value is 1.49; the specificity and sensitivity were optimal (80.8% and 72.4%,

As shown in Figure 1, the horizontal axis represents one minus the specificity,

and the vertical axis represents sensitivity. The area under the curve (AUC) for the
TG vs HDL-C graph was 0.813 (95% Cl: 0.784, 0.842), with a statistically significant

prediction effect (p < 0.001).The Jordan index is 0.532,which also indicates that
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TG/HDL ratio has a good effect in higher risk of metabolic syndrome.
DISCUSSION

In this study, we verified the correlation between the TG/HDL-C ratio and MetS,
and our results established the accuracy of the TG/HDL-C ratio as a diagnostic for

higher risk of MetS among the elderly people in China.

In metabolic syndrome, TG and HDL are part of the diagnostic criteria, but the
International Diabetes Association does not include TG/HDL-C ratio in the diagnosis
of metabolic syndrome.[5] However, TG/HDL-C ratio seems to play an important role
in metabolic disorders.[6] Large-scale prospective studies show that the TC/HDL-C
ratio can be used as a reliable index to predict coronary heart disease and
death.[7-14] A large number of studies have shown that TG/HDL-C can be used as a
simple alternative indicator of insulin resistance.[15-17] NCEP ATP IlI(the National
Cholesterol Education Program Adult Treatment Panellll)is the commonly used
diagnostic standard of metabolic syndrome in the world. It considers insulin
resistance, hypertension, atherosclerosis, and abdominal obesity as diagnostic
criteria,[18] which indirectly shows that TG/HDL-C is feasible to predict metabolic
syndrome. Recently, the TC/HDL-C ratio has been proposed as an alternative method
to diagnose MetS. In a study of children and adolescents with obesity, the TG/HDL-C
ratio had high sensitivity (80%) and specificity (75%) to MetS, with a cutoff point of
1.25.[6] In our study on an elderly population, a TG/HDL-C ratio of 1.49 was found to
be the best critical value. Clinical studies have shown that the TG/HDL-C ratio can be
used to predict MetS and to assess the risk of cardiovascular events in older
people.[19, 20] Most studies are limited to specific populations and races. For
example, the TG/HDL-C ratio has been found to have a high predictive value for
MetS among Korean adolescents.[21] Prior to our study, research on the link
between TG/HDL-C and MetS in the Chinese elderly was rare. Additionally, many
clinical trials to date have shown that lipid metabolism disorder has toxic effects on

cells, which can affect the function of islet B cells and cause or aggravate insulin
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resistance.[22] Insulin resistance and deficiency of insulin secretion can further
aggravate lipid metabolism disorders.[23,24] In the future, studies can carefully
investigate the effectiveness of the TG/HDL-C ratio in the diagnosis of insulin
resistance since these measurements are usually easier to obtain than performing

the insulin resistance test.

In our study, uric acid also showed a significant positive correlation with MetS.
Experimental studies have shown that uric acid can penetrate smooth muscle fibers
through the organic anion transport system, thereby activating various transmission
pathways and increasing the expression of inflammatory mediators.[25,26]
Therefore, further research into the relationship between uric acid and metabolic
syndrome are needed in the future. After consulting the literature, we have studies
suggesting that there is a correlation between uric acid, age, sex and metabolic
syndrome, [27-29]and our research has also found this. In order to eliminate these
variables known to be associated with metabolic syndrome, we performed a
multiple logistic regression analysis to eliminate the interference of these

confounding factors.

Our study found that with an increase in the TG/HDL-C ratio there was a gradual
increase in the number of people diagnosed with MetS. When TG/HDL is greater
than 1.49, it indicates that the patient is at a high risk of metabolic syndrome. At the
same time, we need to attach great importance to the patient's uric acid, fasting
blood sugar, and blood pressure. The early detection of patients at a high risk for
MetS through the measurement of the TG/HDL-C ratio can help to actively prevent
or treat them before disease symptoms appear, thus providing patients with the

greatest clinical benefit.
Limitations

The study participants all come from one community in China; therefore, the
sample may not be representative of the elderly population in China. We recruited

only those who had completed the comprehensive health examination, which may
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have biased our main findings. Our study is a cross-sectional study, which cannot
reflect the causal relationship between TG/HDL and metabolic syndrome. In
addition, our analysis adjusted for age, sex, etc., but not for physical exercise and
diet that are known to affect blood lipids. We expect more research to be done in

the future based on this study.
CONCLUSIONS

We found a strong correlation between the TG/HDL-C ratio and MetS. Elderly
Chinese people with a high TG/HDL-C ratio are at high risk of MetS. In our study
sample, a TG/HDL-C ratio of 1.49 was found to be the optimal critical value. This
study is of great significance for the early identification and management of MetS
among the elderly people in China. The measurement of the TG/HDL-C ratio can help
clinicians to identify elderly people who need targeted treatment, management, and

follow-up.
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Figure 1. Receiver operating characteristic (ROC) curve of the TG/HDL-C ratio as a

high-risk indicators of metabolic syndrome
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ABSTRACT

Objectives: To investigate the relationship between triglyceride/high-density
lipoprotein cholesterol (TG/HDL-C) ratio and metabolic syndrome in the elderly
population of China, and to determine the best critical value of TG/HDL-C in higher

risk of metabolic syndrome in this population.
Design: Cross-sectional study.

Setting: Our study was conducted in a community physical examination center in

Wuhan, China between January 1, 2016 and December 31, 2016.

Participants: The physical examination data from 1267 elderly people (aged over 65
years) in the community were analyzed in this study. The average age of the study

participants was 71.64 + 5.605 years.

Primary outcome measures: Correlation between the TG/HDL-C ratio and metabolic
syndrome; the optimum cutoff of the TG/HDL-C ratio for the prediction of metabolic

syndrome.

Results: The TG/HDL-C ratio showed a significant positive correlation with metabolic
syndrome (r = 0.420, p < 0.001) in the elderly Chinese population. Binary logistic
regression analysis showed that the TG/HDL-C ratio was an independent risk factor
for metabolic syndrome (odds ratio = 3.07 [95% Cl: 2.402, 3.924], p < 0.001) after
adjusting for blood pressure, blood glucose, age, sex, and body mass index. The
receiver operating characteristic curves of TG/HDL-C ratio and metabolic syndrome
showed that in the elderly population a TG/HDL-C ratio of 1.49 can be used as the
critical value for a higher risk of metabolic syndrome. At this value, the specificity

and sensitivity of the measure were optimal (80.8% and 72.4%, respectively).

Conclusion: In this study, we found a significant correlation between TG/HDL-C ratio
and metabolic syndrome. Therefore, the TG/HDL-C ratio metabolic syndrome

among elderly people in China.

Keywords: Metabolic syndrome; Triglyceride-to-HDL cholesterol ratio;
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Cardiovascular disease.

Strengths and limitations of this study

The study sample had a wide age range (65-93 years), and the study included
information on their basic characteristics like sex, waist circumference (WC),
marital status, diagnosis of hypertension, etc.

This study is the first to explore the correlation between the TG/HDL-C ratio and
metabolic syndrome among elderly Chinese people.

Our study is a cross-sectional study, which cannot reflect the causal relationship
between TG/HDL and metabolic syndrome.

Our study did not adjust for possible confounders such as exercise and lipid-
regulating drugs.

The study population came from only one community.
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INTRODUCTION

Metabolic syndrome (MetS) refers to a pathological state involving the impaired
metabolism of proteins, fats, carbohydrates, and other substances in the human
body. It is a complex group of metabolic disorder syndromes, including risk factors
associated with cardiovascular disease (CVD) and diabetes.[1, 2] The prevalence of
MetS is high and rapidly increasing among the elderly population in China.[3] Risk
factors include central obesity, increased blood pressure, increased fasting blood
glucose (FBG) levels, and abnormal blood lipids. The prevalence of cardiovascular
events and the risk of mortality are higher among patients with MetS than among
the general population.[4] Therefore, the early diagnosis of MetS and timely
intervention can prevent the unnecessary complications related to its progression
and help reduce the risk of CVD caused by metabolic disorders. From a clinical
perspective, individuals can benefit from the establishment of appropriate diagnostic
methods and criteria that can accurately distinguish patients with MetS from healthy

people.

This study aimed to explore the correlation between the ratio of triglycerides to
high-density lipoprotein cholesterol in the blood (TG/HDL-C) and MetS in the elderly
Chinese population, calculate the cutoff value of TG/HDL-C for higher risk of MetS in
this population, and determine the optimal critical value for higher risk of MetS, in
order to provide a theoretical basis for the early identification and management of
elderly patients with MetS, as well as prevent the development of cardiovascular and

cerebrovascular diseases.
PARTICIPANTS AND METHODS
Study population

This was a cross-sectional study , involving data from 1267 elderly individuals
examined and interviewed at a community physical examination center, between

January 1, 2016 and December 31, 2016.
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Participants’ data were included in this study if the patient met all of the
following inclusion criteria: lived in China, aged > 65 years, provided basic
demographic information, provided accurate biochemical measurements, and

consented to a full clinical examination.

Participants were excluded if they met one or more of the following exclusion
criteria: incomplete data provided; presence of one of the following conditions:
physical disability, acute infection, acute myocardial infarction, acute cerebral
infarction, renal failure, dialysis, or active stage malignancies; or use of the following

medications: hormone replacement therapy and oral or injectable glucocorticoids.
Clinical characteristics

Data for this study were obtained from the physical examination records of the
elderly people in the community. General demographic and clinical data such as age,
sex, marital status, height, weight, WC, and history of hypertension were obtained
through oral interview. The doctor used a mercury sphygmomanometer on the
upper arm to measure blood pressure—systolic blood pressure (SBP) and diastolic
blood pressure (DBP). The average value of two blood pressure measurements taken

at least five minutes apart was used.
Biochemical parameters

Biochemical indices including FBG, blood lipids, and uric acid (UA) were all
measured using venous blood obtained from the participants on an empty stomach.
Levels of serum UA, TGs, HDL-C and low-density lipoprotein cholesterol (LDL-C), and
fasting blood glucose (FBG) were measured using Roche E602 and Roche C701

(both of which are automatic biochemical analyzers) .
Definition of metabolic syndrome in this study

The diagnosis of MetS in this study was made according to the following

definition provided by the Chinese Diabetes Society:

1. Overweight and/or obese: Body Mass Index (BMI) > 25 kg/m?2.
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2. Hyperglycemia: FBG = 6.1 mmol/L (110 mg/dL), and/or 2h-plasma glucose (2h-PG)

> 7.8 mmol/L (140 mg/dL), and/or people with diagnosed and treated diabetes.

3. Hypertension: SBP/DBP > 140/90 mm Hg and/or with diagnosed and treated

hypertension.

4. Dyslipidemia: Fasting TGs = 1.7 mmol/L (150 mg/dL) and/or fasting blood HDL-C <
0.9 mmol/L (35 mg/dL) (among males) and < 1.0 mmol/L (39 mg/dL) (among

females).
MetS was diagnosed if at least three of the above four components were present.
Participant and public involvement

Participants were not involved in the design or conduct of the study.lt is an
anonymous, non-invasive examination, only oral notification, waiving the signing of

written informed consent.

Ethics approval

This study was conducted in accordance with the contents of the Declaration of
Helsinki. Since this study included identified data, participants were not required to
provide informed consent. The study was approved by the Institutional Review Board

of Tongji Medical College, Huazhong University of Science and Technology.(S273)

Statistical analyses

First, the data were divided into two groups according to the diagnosis of MetS,
MetS group and non-MetS group. The percentage of participants in the above two
groups that were positive for each component were reported and compared using
the chi-square (X?) test. The mean value £ standard deviation (SD) was calculated

for each of the continuous variables and compared using independent-samples t-
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tests, and other categorical variables were compared using the X2 test. The
Kendall’s tau-b and Spearman’s Rank correlation coefficients were used to analyze
the correlation between MetS and the TG/HDL-C ratio, UA, BMI, WC, age, sex, and
education. Binary logistic regression was used to analyze risk factors, and the results
for each risk factor were described in terms of the non-standardized coefficient B,
odds ratio (OR), its 95% confidence interval (95% Cl), and p value. A receiver
operating characteristic curve of MetS vs TG/HDL-C ratio was drawn to determine

the optimum cutoff point for MetS diagnosis.

RESULTS
Clinical characteristics

The characteristics of the 1267 participants included in this study are shown in
Table 1. The mean age of the participants was 71.64 + 5.605 years. Participants
diagnosed with MetS (MetS group) have statistically significant differences in the
TG/HDL-C ratio, age, blood pressure, WC, FBG, UA level, hypertension, TG, and HDL-

C compared with participants not diagnosed with MetS (Non-MetS group).

Table 1 Clinical characteristics of the different groups

Characteristic or Non-MetS
MetS (N = 234) p-value

parameter (N=1033)

Mean £ SD Mean £ SD
Age, years 71.64 £ 5.605 71.39+5.409 <0.001
BMI, kg/m? 27.14+3.19 23.98+3.25 <0.001
DBP, mm Hg 82.97 £ 10.97 76.54+11.29 <0.001
SBP, mm Hg 148.08 + 13.82 131.26 £+18.17 <0.001
Waist circumference, cm 68.42 +10.29 60.39+9.94 <0.001
TG/HDL-C 2.07£1.09 1.17+£0.89 <0.001
TC, mmol/L 4.78 £1.10 4.60 = 0.89 0.024
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HDL, mmol/L 1.02 £ 0.22 2.75+0.77 <0.001
LDL, mmol/L 2.92+0.91 2.76 £ 0.76 0.005
UA, umol/L 381.91 £95.01 337.31+89.48 <0.001
FBG, mmol/L 6.76 £ 2.03 5.33+1.18 <0.001
N (%) N (%)
Gender (% male) 107 (45.72) 449 (43.46%) 0.560
Hypertension 205 (87.61) 332(32.14) <0.001
Abnormal ECG 148 (63.25) 615 (59.54) 0.302

Variables are described in terms of either mean + SD or percentage. The p-value

was calculated using the Student’s t-test or the X? test. BMI: body mass index; SBP:

systolic blood pressure; TC: total cholesterol; TG: triglyceride; HDL-C: high-density

lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; UA: uric acid;

FBG: Fasting blood glucose; MetS: metabolic syndrome

Bivariate correlation analyses between the covariates and MetS

The results of the bivariate correlation analyses are shown in Table 2. The

TG/HDL-C ratio, UA, BMI, WC, FBG, TG, DBP, SBP, and age were significantly

correlated with MetS; however, gender, marital status, education, and ECG results

were not.

Table 2 Correlations of patient characteristics with diagnosis of metabolic syndrome

Characteristic or

r p-value
parameter
TG/HDL-C 0.420 <0.001
UA, mmol/L 0.189 <0.001
BMI, kg/m? 0.363 <0.001
Waist circumference 0.308 <0.001
FBG, mmol/L 0.364 <0.001
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LDL-C, mmol/L
HDL-C, mmol/L
TC, mmol/L
TG, mmol/L
Gender

ECG

Age, years
Education
Hypertension
Marital status
DBP, mm Hg

SBP, mm Hg

0.059 0.037
-0.301 <0.001
0.057 0.044
0.383 <0.001
0.018 0.530

0.03 0.286
-0.012 0.672
-0.012 0.647
0.436 <0.001
-0.010 0.712
0.217 <0.001
0.381 <0.001

r = Kendall’s tau-b correlation coefficient or Spearman’s Rank correlation coefficient

Logistic regression analysis between TG/HDL-C ratio and MetS

Model 1 shows the association between the TG/HDL-C ratio and MetS without

adjusting for any confounders (Table 3). The TG/HDL-C ratio is an independent risk

factor for MetS. The unadjusted OR is 2.280 (95% Cl: 1.947, 2.670), p < 0.001. After

adjusting for potential confounders, we found that the TG/HDL-C ratio is still an

independent risk factor for MetS (OR = 2.301 [95% Cl: 1.884,2.811], p < 0.001).

Page 10 of 18

Table 3 Logistic regression results of the association of patient characteristics with MetS.

p_
Model Exposure B OR  (95% Cl)
value
Model
TG/HDL-C 0.824 <0.001 2.280(1.947, 2.670)
1
TG/HDL 0.842 <0.001 2.321 (1.903,2.831)
Model FBG 0.616 <0.001 1.852 (1.638,2.095)
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1
2
3
4 2 BMI 0.259 <0.001 1.295 (1.218,1.377)
5
6 UA 0.003 0.009 1.003(1.001,1.005)
7
8 SBP 0.056 <0.001 1.058(1.044,1.072)
9
10 DBP 0.023 0.019 1.023 (1.004,1.043)
> TG/HDL 0.834 <0.001 2.301(1.884,2.811)
I FBG 0.616 <0.001 1.851(1.636,2.094)
" BMI 0.255 <0.001 1.29(1.212,1.374)
}; UA 0.003 0.009 1.003(1.001,1.005)
19 Model
20 SBP 0.058 <0.001 1.06(1.046,1.074)
3
;; DBP 0.021 0.039 1.021(1.001,1.041)
;j Gender .0.038 0.858 0.963(0.635,1.459)
;g Age 0.023 0219 0.977(0.942,1.014)
;; Model 1: crude model; Model 2: adjusted for UA, BMI, FBG, SBP, DBP; Model 3:
;g adjusted for age, gender, UA, BMI, FBG, SBP, DBP
31
32
33
34 Receiver operating characteristic curve
35
36
37 By drawing receiver operating characteristic (ROC) curves, we found the best
gg critical value is 1.49; the specificity and sensitivity were optimal (80.8% and 72.4%,
40 .
41 respectively).
42
43 Figurel Receiver operating characteristic curve
44
45
46 As shown in Figure 1, the horizontal axis represents one minus the specificity,
47
48 and the vertical axis represents sensitivity. The area under the curve (AUC) for the
49
50 TG vs HDL-C graph was 0.813 (95% Cl: 0.784, 0.842), with a statistically significant
51
55 prediction effect (p < 0.001). The Jordan index is 0.532, which also indicates that
53
54 TG/HDL ratio has a good effect in higher risk of metabolic syndrome. In addition, In
gg view of the influence of gender in metabolic syndrome, we drew ROC curves for men
;73 and women. The best cutoff values are 1.437 and 1.196 respectively. The sensitivity
23 and specificity are 74.8%, 78.4% for men and 86.4% for women. 67.4%.Finally, we
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use TG and HDL to draw the ROC curve separately, and we can see that the predicted
value of both is lower than the ratio of the two as the figurel shows (the AUC of TG

and HDL are 0.786, 0.276, respectively).
DISCUSSION

In this study, we verified the correlation between the TG/HDL-C ratio and MetS,
and our results established the accuracy of the TG/HDL-C ratio as a diagnostic for

higher risk of MetS among the elderly people in China.

In metabolic syndrome, TG and HDL are part of the diagnostic criteria, but the
International Diabetes Association does not include TG/HDL-C ratio in the diagnosis
of metabolic syndrome.[5] However, TG/HDL-C ratio seems to play an important role
in metabolic disorders.[6] Large-scale prospective studies show that the TC/HDL-C
ratio can be used as a reliable index to predict coronary heart disease and death.[7-
14] A large number of studies have shown that TG/HDL-C can be used as a simple
alternative indicator of insulin resistance.[15-17] NCEP ATP IlI(the National
Cholesterol Education Program Adult Treatment Panellll)is the commonly used
diagnostic standard of metabolic syndrome in the world. It considers insulin
resistance, hypertension, atherosclerosis, and abdominal obesity as diagnostic
criteria,[18] which indirectly shows that TG/HDL-C is feasible to predict metabolic
syndrome. Recently, the TC/HDL-C ratio has been proposed as an alternative method
to diagnose MetS. In a study of children and adolescents with obesity, the TG/HDL-C
ratio had high sensitivity (80%) and specificity (75%) to MetS, with a cutoff point of
1.25.[6] In our study on an elderly population, a TG/HDL-C ratio of 1.49 was found to
be the best critical value. Clinical studies have shown that the TG/HDL-C ratio can be
used to predict MetS and to assess the risk of cardiovascular events in older people.
[18-20]Most studies are limited to specific populations and races. For example, the
TG/HDL-C ratio has been found to have a high predictive value for MetS among
Korean adolescents.[21]Prior to our study, research on the link between TG/HDL-C

and MetS in the Chinese elderly was rare. Additionally, many clinical trials to date
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have shown that lipid metabolism disorder has toxic effects on cells, which can affect
the function of islet B cells and cause or aggravate insulin resistance.[22] Insulin
resistance and deficiency of insulin secretion can further aggravate lipid metabolism
disorders.[21, 23, 24] In the future, studies can carefully investigate the effectiveness
of the TG/HDL-C ratio in the diagnosis of insulin resistance since these
measurements are usually easier to obtain than performing the insulin resistance

test.

In our study, uric acid also showed a significant positive correlation with MetS.
Experimental studies have shown that uric acid can penetrate smooth muscle fibers
through the organic anion transport system, thereby activating various transmission
pathways and increasing the expression of inflammatory mediators.[25,
26]Therefore, further research into the relationship between uric acid and metabolic
syndrome are needed in the future. After consulting the literature, we have studies
suggesting that there is a correlation between uric acid, age, sex and metabolic
syndrome, [27-29]and our research has also found this. In order to eliminate these
variables known to be associated with metabolic syndrome, we performed a
multiple logistic regression analysis to eliminate the interference of these

confounding factors.

Our study found that with an increase in the TG/HDL-C ratio there was a gradual
increase in the number of people diagnosed with MetS. When TG/HDL is greater
than 1.437 for men and 1.194 for women, it indicates that the patient is at a high risk
of metabolic syndrome. At the same time, we need to attach great importance to
the patient's uric acid, fasting blood sugar, and blood pressure. The early detection
of patients at a high risk for MetS through the measurement of the TG/HDL-C ratio
can help to actively prevent or treat them before disease symptoms appear, thus

providing patients with the greatest clinical benefit.
Limitations

The study participants all come from one community in China; therefore, the
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sample may not be representative of the elderly population in China. We recruited
only those who had completed the comprehensive health examination, which may
have biased our main findings. Our study is a cross-sectional study, which cannot
reflect the causal relationship between TG/HDL and metabolic syndrome. In
addition, our analysis adjusted for age, sex, etc., but not for physical exercise and
diet that are known to affect blood lipids. We expect more research to be done in

the future based on this study.
CONCLUSIONS

We found a strong correlation between the TG/HDL-C ratio and MetS. Elderly
Chinese people with a high TG/HDL-C ratio are at high risk of MetS. In our study
sample, a TG/HDL-C ratio of 1.49 was found to be the optimal critical value. This
study is of great significance for the early identification and management of MetS
among the elderly people in China. The measurement of the TG/HDL-C ratio can help
clinicians to identify elderly people who need targeted treatment, management, and

follow-up.
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FIGURE LEGENDS
Figure 1. Receiver operating characteristic (ROC) curve of the TG/HDL-C ratio as a high-
risk indicator of metabolic syndrome
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 2
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(b) Provide in the abstract an informative and balanced summary of what 3
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5,6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 5,6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 6
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 13
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 10
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 10
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 7,8
confounding
(b) Describe any methods used to examine subgroups and interactions 7,8
(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods taking account of sampling
Strategy
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(¢) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 8,9
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of
interest
Outcome data 15*  Report numbers of outcome events or summary measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 10,11

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were

categorized
(c) If relevant, consider translating estimates of relative risk into absolute 9,10,11
risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential 13
bias or imprecision. Discuss both direction and magnitude of any potential
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, 12
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study | 14

and, if applicable, for the original study on which the present article is
based
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