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Purpose: This study aimed to investigate the incidence of metabolic syndrome (MS) in people over 40 years of age with normal 
blood glucose levels in Guiyang’s urban areas and determine the effective glycemic cutoff value for predicting MS.
Methods: The analysis was based on anthropometric and biochemical indicators of residents aged 40 years or older in urban areas of 
Guiyang City who participated in the “Epidemiological Study of Tumor Risk in Chinese Patients with Type 2 Diabetes” in 2011. This 
study included 3509 patients (2567 females and 942 males) with normal fasting plasma glucose (FPG) and no MS. Multivariate 
logistic regression was used to analyze the correlation between FPG and MS ROC was used to analyze the effective cutoff value of 
FPG for the incidence of MS.
Results: After 3-year follow-up, 675 patients had MS (567 females and 108 males). MS incidence in the total population was 19.24%, 
11.46% in males, and 22.09% in females, and it increased with FPG. After multivariate logistic regression analysis, the risk of MS 
corresponding to FPG in females and males was OR=4.607,95% CI (3.477–6.105) and OR=2.944, 95% CI (1.785–4.855), respectively. 
ROC results demonstrated that FPG could predict the onset of MS (AUC: 0.720 in males and 0.666 in females).
Conclusion: Increased FPG correlated with the incidence of metabolic syndrome. Subjects with FPG in the normal range still had 
a high incidence of MS. The population cutoff value for predicting effective FPG for metabolic syndrome was 5.545 mmol/L in men 
and 5.605 mmol/L in women. Epidemiological investigations are needed to determine whether a lower FPG cutoff value is required to 
diagnose MS. FPG not only diagnoses diabetes but also serves as a cost-effective and convenient screening method for developing of 
MS in the general Chinese population.
Keywords: metabolic syndrome, incidence, fasting plasma glucose, cutoff value

Introduction
According to the International Diabetes Federation (IDF) analysis, approximately 25% of the world’s population will 
suffer from MS.1 MS is characterized by central obesity, abnormal glucose metabolism, dyslipidemia, and other 
metabolic disorders such as hypertension.2,3 With a growing economy, MS has also grown worldwide.4 Therefore, this 
is a global public health issue that must be addressed.

Previous studies on residents aged 40 years or older in urban areas of Guiyang City showed that the crude incidence 
of metabolic syndrome in the total population was 21.86%.5 In addition, a study explored MS incidence in American 
adults from 1999 to 2014.6 This study included 14,171 NHANES participants with an average age of 46.8±19.3 years, 
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7354 (51.9%) of whom were female. Later, 4789 participants were diagnosed with MS using the NCEP ATP III 
diagnostic criteria. From 1999 to 2014, the incidence of MS increased from 27.6% to 32.3%. Studies have also shown 
that MS incidence in Spain,7 Japan,8 and Taiwan9 is 3.1, 21.0, and 22.9 per 1000 person-years. This indicates that the 
high prevalence of MS must be taken seriously.

Not only the International Diabetes Federation (IDF), the US National Cholesterol Education Program Adult 
Treatment Panel III (ATP III), the Chinese Diabetes Society (CDS), and the joint interim statement of the 
International Diabetes Federation Task Force on Epidemiology and Prevention (JIS) will be involved in the diagnostic 
criteria of metabolic syndrome, all of these will involve FPG issues. Xing et al10 one study suggested removing the 2h- 
PPG blood test used to diagnose hyperglycemia from CDS-MS criteria. Instead, it proposes a lower diagnostic threshold 
of 5.6 mmol/L for FPG. This study was conducted on the 2007–2008 Chinese study population with diabetes and 
metabolic diseases. This study included 46,239 participants with a mean age of 44.95 years. Conclusions were drawn by 
comparing the different diagnostic criteria for metabolic syndrome. However, there are no global reports on the overall 
MS incidence in the general population within the normal FPG range.

Currently, China adopts the diagnostic and classification criteria for diabetes proposed by the International WHO 
Expert Committee on Diabetes (1999). FPG 3.9–6.0 mmol/L was considered normal. However, it is currently unclear 
what FPG cutoff value should be used for MS diagnosis. Based on a clinical and epidemiological study of urban residents 
over 40 years of age in Guiyang, Guizhou Province, China, we conducted a follow-up study of MS incidence among 
subjects in the normal FPG range to determine an effective FPG threshold for predicting MS and establish a theoretical 
basis for clinical prevention and early treatment of MS.

Methods
Study Participants
The population was drawn from a Chinese epidemiological study on tumor risk in type 2 diabetes patients. The study was 
conducted on residents over 40 in the urban area of Guiyang City using a cluster sampling method. The completed survey 
included 10,140 participants, excluding 3980 patients with baseline MS, 1392 with FPG<3.9mmol/L or FPG>6.1mmol/L, 
and 123 with incomplete data. A total of 4645 subjects were included in the follow-up. The follow-up period was May 2011 
to July 2014. A total of 1136 subjects who were lost to follow-up, had incomplete data, and died were excluded. Finally, 
3509 subjects (2567 females and 942 males) were included in the analysis. The data from these subjects were used to 
conduct a cohort follow-up study with a follow-up rate of 76%. Informed consent was obtained from each participant 
during data collection. The study was approved by the Guizhou Medical University Ethics Committee.

Data Collection and Measurements
Because our previous study and this one used the same survey, the data collection and measurement procedures were 
fully documented.5,11 Data were collected by trained physicians through a standardized questionnaire. The data mainly 
consisted of demographic characteristics, anthropometric parameters, personal medical history, family history, medica-
tion use, and lifestyle risk factors such as age, sex, ethnicity, history of diabetes, history of hypertension, smoking, 
alcohol, and exercise status. Ethnicity was categorized as Han Chinese or other. Smoking was defined as smoking > 100 
cigarettes in one’s lifetime. At least 30 g of alcohol were consumed monthly throughout the year. At least 30 minutes of 
walking activity was required weekly. In addition, the education level was collected and divided into lower and higher 
education levels.

Professionals measured anthropometric data such as height, weight, body mass index (BMI), and waist circumference 
(WC). Participants were asked to wear light clothing and no shoes. A calibrated digital scale was used to quantify the 
standard weights to the nearest 0.1 kg. For height measurements, subjects were asked to maintain a standing position and 
use a calibrated sight distance scale to quantify the reading to the nearest 0.1 cm. Waist circumference measurement was 
conducted 1 cm above the umbilicus of the line connecting the anterior superior iliac spine and the umbilicus. When the 
subject was standing upright and breathing deeply with a relaxed abdomen and calm breathing, a measuring tape was 
used to measure the lower edge of the 12th rib. The body mass index was calculated as weight/height squared. Blood 
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pressure was measured by a medical professional using an OMRON mercury sphygmomanometer. The participants were 
allowed to rest for 5 minutes before the measurement. Blood pressure was measured with the patient seated in the right 
upper arm. The mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured three times and 
calculated in mmHg.

Participants were asked to fast for at least 8 hours. On the day before the study, the participants fasted and stopped 
taking hypoglycemic drugs for 10 hours after 20:00. Subsequently, 10 mL of fasting venous blood was collected in the 
morning in a negative-pressure vacuum tube. Except for patients with diabetes, 75 g of anhydrous glucose was administered 
orally, and blood glucose levels were monitored every 2 hours. Liver and kidney functions and fasting blood glucose levels 
were tested at the Shanghai Institute of Endocrine Metabolic Diseases. Total cholesterol was measured by glycerol 
phosphate oxidase, low-density lipoprotein cholesterol (LDL-C) by the direct homogeneous enzymatic method, and high- 
density lipoprotein cholesterol (HDL-C) was measured using an accelerator selective detergent. In addition, FPG and 2h 
blood glucose of the oral glucose tolerance test were determined using the hexokinase method.

MS Diagnostic Criteria
We have been studying MS in community populations since 2009 using IDF criteria, and this series of studies followed 
the 2005 International Diabetes Federation (IDF) criteria.3 Any two of the four indices listed below were combined in 
patients who met the central obesity standard (WC: male≥90 cm, female≥80 cm);1) triglyceride (TG) ≥ 1.7 mmol/l or 
undergoing current treatment; 2) HDL-C < 1.03 mmol/l (male) or < 1.29 mmol/l (female) or undergoing current 
treatment; 3) blood pressure rise: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or undergoing current treatment or having 
hypertension; and 4) FPG ≥ 5.6 mmol/l or undergoing current treatment or having type 2 diabetes (T2D).

Statistical Analyses
SPSS 25.0 statistical software was used for data analysis. Each gender was analyzed separately. When continuous 
variables were not normally distributed, a nonparametric test of two independent samples was chosen for the one-way 
study. The results were expressed as the median, upper, and lower quartiles. The qualitative variables were statistically 
described using rates. The qualitative information is expressed as the total number of cases (n) and percentages (%). The 
chi-square test (χ2) was used for statistical analysis. Multivariate logistic regression analysis was performed after 3 years 
of follow-up to explore the independent association between FPG and MS occurrence. The OR value and 95% CI of FPG 
were calculated. The Receiver Operating characteristic (ROC) curve was used to determine the optimal cutoff point for 
FPG diagnosis. The optimal diagnostic cutoff point was obtained when the Yoden index was at its maximum. P< 0.05 
was considered statistically significant.

Results
Comparison of Basic Characteristics of Female and Male Subjects After Follow-Up
A total of 3509 participants (males 26.85% and females 73.15%) were included in the analysis. After 3-year follow-up, 
108 men and 567 women without MS at baseline developed MS. The incidence was 11.46% and 22.09% for men and 
women, respectively. There was a significant difference in the incidence of metabolic syndrome between males and 
females (χ2=50.056, P<0.001). The incidence of metabolic syndrome was significantly higher in women than in men. 
Among females, MS group were older than non-MS group. Female MS patients had a lower level of education, and there 
was no difference in men’s education level between the MS morbidity and non-morbidity groups. In women, all 
indicators except race, walking activity, smoking, alcohol consumption, and LDL-C were statistically significant in 
both the onset and non-onset groups of MS. In addition to height and HDL-C, cholesterol (CHOL), body weight, BMI, 
WC, SBP, DBP, CHOL, TG, and FPG in the disease group were higher than in the non-disease group. Among men, other 
factors were statistically significant, except for race, education level, walking activity, smoking, alcohol consumption, 
and LDL. Except for age and HDL-C, height, body weight, BMI, WC, SBP, DBP, CHOL, TG, and FPG were all higher 
in the morbidity group than in the non-morbidity group (Table 1).
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Comparison of MS Incidence Among FPG Quartile Arrays FPG
The incidence of MS was compared between the quartiles of FPG for different sexes (Figure 1). The incidence of MS 
was significantly higher in the highest FPG quartile group in both men and women than in the other lower quartiles. In 
women, the incidence of MS displayed a continuous increase with increasing FPG quartile. Men with MS syndrome 
showed a slight decrease, followed by a significant increase as the FPG quartiles increased. There was a significant 
correlation between FPG and MS incidence in men and women, with a 4.83-fold increase in MS incidence in women and 
only a 3.75-fold increase in men in the comparison between the lower and upper quartiles (P<0.001). Based on the results 
of both groups, MS incidence and FPG are strongly correlated.

Incidence of MS Within the Baseline Normal FPG Range in Subjects of Different Age 
Groups
Table 2 compares MS incidence in men and women of different ages after 3- year follow-up in subjects with a normal 
baseline FPG. MS incidence in males aged from 40 to 49 years, 50 to 59 years, 60 to 69 years, and over 70 years was 
5.56%, 33.33%, 51.85%, and 9.26%, respectively. MS incidence in females was 8.11%, 37.92%, 41.98%, and 11.99%, 
respectively. The incidence of MS in males and females significantly differed between the different age groups. MS 
incidence increased significantly with age in women aged 40–69 years (P<0.001), and it also increased significantly in 
men aged 40–69 years (P=0.015).

Binary Logistic Regression Analysis of the Relationship Between the Incidence of FPG 
and MS
Logistic regression analysis further evaluated the correlation between FPG and MS incidence (Table 3). FPG and the 
incidence of MS were strongly correlated. Gender was an independent risk factor for MS. The risk in females was higher 
than in males. In the crude model, the odds ratios(ORs) of males and females with a one-unit increase in FPG were 2.944 

Table 1 Incidence of MS Stratified by Sex in the Follow-Up Population with Baseline Normal FPG Range

Variables Female (n=2567) Male (n=942)

MS (n=567) Non-MS (n=2000) P value MS (n=108) Non-MS (n=834) P value

Age (years) 60.68(55.25~65.95) 58.44(53.66~63.66) <0.001 62.42(56.61~66.28) 63.84(58.54~69.21) 0.008

Race (Han) (n,%) 553 (97.53) 1935 (96.75) 0.342 103 (95.37) 797 (95.56) 0.927
Education level (n,%)

Primary school or below 321 (56.61) 1036 (51.80) 0.043 48(44.44) 373(44.72) 0.956

High school or above 246 (43.39) 964 (48.20) 60(55.56) 461(55.28)
Walking activity(n,%) 444(78.31) 1515(75.75) 0.206 80(74.07) 665(79.74) 0.173

Smokers (n,%) 33 (5.82) 126 (6.30) 0.676 74 (68.52) 560 (67.15) 0.775

Drinkers (n,%) 125 (22.05) 483 (24.15) 0.298 73 (67.59) 552 (66.19) 0.771
Height (cm) 154(150~157.5) 155(151~159) 0.004 167(162~171) 165(161~169) 0.003

Weight(Kg) 56(52~60.6) 52.5(48~57.5) <0.001 71.05(67.5~76.48) 62(56.3~67) <0.001

BMI(kg/m) 23.68(22.06~25.51) 21.85(20.18~23.69) <0.001 25.70(24.32~27.24) 22.63(21.09~24.14) <0.001
WC(cm) 87(84~92.4) 82.4(77~87.6) <0.001 93.15(91~95.43) 84.15(79.43~88) <0.001

SBP(mmHg) 128.33(115.33~139) 114.33(105.67~124.33) <0.001 134(127.5~145.92) 125(114.67~136.67) <0.001

DBP(mmHg) 81(73.67~87) 73.33(68~78.67) <0.001 85.83(80.5~92) 78.5(72.33~84.33) <0.001
HDL-C(mmol/L) 1.27(1.15~1.47) 1.56(1.39~1.76) <0.001 1.115(1.00~1.31) 1.32(1.15~1.53) <0.001

LDL-C(mmol/L) 3.21(2.62~3.79) 3.12(2.61~3.65) 0.119 3.05(2.50~3.505) 2.955(2.47~3.44) 0.395

CHOL(mmol/L) 5.47(4.88~6.21) 5.35(4.76~6.02) 0.008 5.19(4.72~5.78) 4.985(4.42~5.55) 0.021
TG(mmol/L) 2(1.69~2.64) 1.23(0.95~1.54) <0.001 2.07(1.71~2.82) 1.31(0.98~1.76) <0.001

FPG(mmol/L) 5.57(5.25~5.84) 5.2(4.95~5.45) <0.001 5.635(5.28~5.97) 5.28(4.98~5.6) <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; CHOL, cholesterol; TG, triglycerides; FPG, fasting plasma glucose; MS, metabolic syndrome.
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(1.785~4.855) and 4.610 (3.479~6.109), respectively. After adjusting for age, the association changed but remained 
strong, with a one-unit increase in FPG associated with a 2.835-fold increase in the risk of MS in men. After adjusting for 
height and age, the correlation between FPG and MS incidence was weakened but not obvious. When FPG increased by 
one value, the risk of MS incidence in males still increased by 2.769 times. In women, the correlation was stronger after 
adjusting for age, the risk of MS increased by 4.615 times for each unit value increase of FPG. After adjusting for height 
and age, the correlation between FPG and MS incidence was still enhanced. When FPG increased by one value, the risk 
of MS incidence in women was still increased by 4.631 times. The OR value for FPG in women was higher than in men, 
and the correlation between FPG and MS incidence was stronger in women.
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Figure 1 The Incidence of MS by quartiles of FPG.

Table 2 Incidence of MS with Baseline Normal FPG 
Range in Subjects of Different Age Groups

Age Group (y) MS (n,%)

Males (n=108) Females (n=567)

40–49 6(5.56) 46(8.11)
50–59 36(33.33) 215(37.92)

60–69 56(51.85) 238(41.98)

≥70 10(9.26) 68(11.99)
P value 0.015 <0.001

Abbreviation: MS, metabolic syndrome.

Table 3 Multivariate Logistic Regression of FPG for MS

variables Odds Ratio (95% CI)

Crude β P value Model 1 β P value Model 2 β P value

Females
FPG 4.610(3.479–6.109) 1.528 <0.001 4.615(3.486–6.108) 1.529 <0.001 4.631(3.499–6.128) 1.533 <0.001

Males

FPG 2.944(1.785–4.855) 1.080 <0.001 2.835(1.732–4.641) 1.042 <0.001 2.769(1.713–4.475) 1.019 <0.001

Notes: Crude: no adjustment; Model 1: adjusted for age; Model 2: adjusted for age, Height. 
Abbreviations: OR, odds ratio; CI, confidence interval; β, regression coefficient; FPG, fasting plasma glucose.
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ROC Analysis of FPG in Subjects with MS and Prediction of Effective FPG Threshold 
for MS
Figure 2 depicts FPG ROC curves that predict the overall male and female MS incidence. Except for the female FPG 
cutoff points, the cutoff points are more specific than sensitive. The AUC of the ROC analysis compared the predictive 
ability of MS onset in the population, in women and men (Table 4). In the area under the curve (AUC) of relevant 
biochemical indicators for MS patients, the AUC value of FPG of MS patients was highly correlated with MS incidence, 
and the AUC value of the overall FPG was 0.702 (P<0.001). The incidence was considered when the FPG level exceeded 
5.595 mmol/L. values less than this were considered disease-free. The sensitivity and specificity were 0.492 and 0.827, 
respectively, which were critical points. The sensitivity and specificity of this point were very high. The AUC value of 
FPG in males was 0.720 (P<0.001). When FPG was >5.545 mmol/L, the sensitivity was 0.515, and the specificity was 
0.833, indicating the onset of MS. The AUC value of female FPG was 0.666 (p<0.001). When FPG was >5.605 mmol/L, 
the sensitivity and specificity were 0.537 and 0.463, respectively, indicating the onset of MS. FPG has a high degree of 
accuracy in predicting MS incidence.

Discussion
Cardiovascular disease is the leading cause of death in developed and developing countries.12 It is widely accepted that 
metabolic syndrome increases the risk of diabetes, cardiovascular disease (CVD), and all-cause death.13,14 Therefore, the 
incidence of MS cannot be disregarded. Early prevention and treatment of MS will significantly reduce the occurrence of 
chronic diseases such as diabetes and CVD. This prospective cohort study of the general Chinese population found 
a strong positive association between FPG and MS incidence. Our results also support the accuracy of FPG in predicting 
the incidence of MS in individuals with normal FPG without any additional examination or cost and finding the effective 
FPG threshold for predicting metabolic syndrome. Therefore, our study provides an economical route for the early 
control of diabetes and the subsequent primary prevention of cardiovascular outcomes.

We have been studying MS in the community population since 2009, and this study is one of a series of studies. 
Previous studies on people over 40 years in Guiyang urban area showed that the incidence of metabolic syndrome in the 
total population was 21.86%.5 After 3-year follow-up, subjects with baseline FPG>3.9mmol/L or <6.1mmol/L were 
excluded. This study demonstrated that the incidence rate of metabolic syndrome among people over 40 years in the 
normal blood glucose range in the Guiyang urban area was 19.24%. Our research group previously surveyed the 
incidence rate of MS among subjects over 40 years in the normal blood pressure range in the Guiyang urban area, 
excluding subjects with blood pressure ≥140/90 mmHg or ≤90/60 mmHg. The incidence of MS was 19.83%,11 similar to 
this study. Yang et al15 studied the incidence of metabolic syndrome among adults in rural communities of islands in 
Zhejiang Province. A follow-up survey was conducted in Yuhuan City, Zhejiang Province in 2018. There were 522 cases 
of metabolic syndrome among 3162 follow-up subjects in the baseline survey in 2012, with a cumulative incidence of 

Figure 2 ROC curves for FPG to predict MS in subjects with baseline normal FPG range.
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16.5% in 6 years. The incidence of metabolic syndrome was higher among unemployed, smoking, and drinking subjects. 
Carnethon et al16 studied Coronary Artery Risk Development in Young Adults (CARDIA). A total of 4192 Americans 
aged 18–30 (49% black) were followed from 1985 to 2001 based on the National Cholesterol Education Program Adult 
Treatment Panel III diagnostic criteria. The incidence of MS was 13.72%. The incidence of MS among subjects in 
Guiyang was significantly higher, possibly because of the different influences of race, economic development level, and 
diagnostic criteria. However, it is necessary to detect and prevent higher incidence in advance.

In Guiyang, the incidence of MS in people over 40 with normal blood glucose levels showed a higher trend in females 
than males. The incidence of MS in males and females was 11.46% and 22.09%, respectively. In this study, there was 
a significant positive correlation between FPG and MS incidence. The incidence of MS in the highest quartile array of 
FPG in women was higher than in men. Since 2003, 762 subjects (332 males and 430 females) aged over 20 years in 
rural areas of South Korea have been followed up for 5 years.17 MS incidence in males and females was 13.9% and 
20.8%. Cohort studies, including those on US military personnel18 and Thailand19 have reported a higher incidence of 
MS in women than men. The inclusion criteria for these studies differed from those of our study. Our study focused on 
the difference in MS incidence in people with normal FPG, consistent with previous research findings. There are few 
studies on the relationship between normal FPG levels and MS incidence at home and abroad, which is one of the 
innovations of this study. This study divided the men and women into different age groups. When the FPG level was 
within the normal range, the incidence of MS increased with age in both men and women aged 40–69 years, except for 
subjects aged 70 years and older, where the incidence decreased. Hwang et al17 showed in a cohort study in South Korea 
that MS incidence was the highest in men aged < 50 years. Before age 50, the incidence of MS in women was lower than 
that in men. However, our study found that the disease incidence was significantly higher in women than in men after the 
age of 50 years. Men and women had the most cases between 60 and 69. This condition may be linked to changes in the 
hormone levels in woman after menopause. One population condition in our study was related to normal FPG. A study 
on the relationship between menopausal hormone changes and MS incidence based on bioinformatics20 showed that MS 
prevalence in postmenopausal women was significantly higher than that in premenopausal women, and the risk of high 
fasting blood glucose in postmenopausal women increased with an increase in menopause years. Numerous cross- 
sectional studies have displayed that postmenopausal women are more likely to develop CVD and T2D than premeno-
pausal women by affecting central fat redistribution, arterial pressure, and insulin function.21 This high risk of CVD and 
T2D in postmenopausal women is associated with an increased risk of MS during menopausal transition.22 Therefore, the 
incidence of MS and other chronic diseases in postmenopausal women in Guiyang should be considered.

This study depicts that education level is negatively correlated with the risk of MS among females, while there is no 
significant difference among males. In a longitudinal prospective cohort study of the Iranian population,23 it was also 
found that MS incidence decreased with an increase in education level among females, while there was no difference 
among males. In the study by Wilsgaard and Jacobsen,24 the longest follow-up period was 22 years from 1979–1980 to 
2001, and a correlation between several lifestyle factors and metabolic syndrome events in both men and women was 
observed. It was also found that education level was negatively correlated with the incidence of MS in women but not 
significantly correlated with that in men. Therefore, in areas with underdeveloped education, we should increase the 
popularization of the science of healthy lifestyles to improve the preventive role of education in reducing the risk of MS.

Table 4 ROC Analysis of MS in the Follow-Up Population with Baseline Normal FPG Range

Variables AUC P value 95% CI Cut-off Value Sensitivity Specificity

Females
FPG 0.666 <0.001 0.609–0.722 5.605 0.537 0.463

Males

FPG 0.720 <0.001 0.696–0.745 5.545 0.515 0.833
All subjects

FPG 0.702 <0.001 0.679–0.724 5.595 0.492 0.827

Abbreviations: AUC, area under curve; CI, confidence interval; FPG, fasting plasma glucose.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S425412                                                                                                                                                                                                                       

DovePress                                                                                                                       
2985

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Several studies have shown increased FPG to be a key feature that increases the risk of developing MS. A prospective 
study of predictors of metabolic syndrome in non-diabetic adults included 714 white, black, and Hispanic IRAS study 
participants who were MS-free at baseline and 139 who developed MS after 5-year follow-up.25 FPG was a significant 
predictor in this univariate model, and FPG was associated with a significantly increased risk of MS. Santos et al26 also 
reached a similar conclusion in their study on the incidence of MS in southern European urban populations. They 
established that higher FPG is associated with an increased risk of MS. A study comparing the ability to FPG and HBA1c 
to predict the onset of MS in normoglycemic Ghanaian adults27 found that FPG was the best predictor of MS and its 
components. These results are consistent with those of our study and highlight the importance of impaired blood glucose 
levels in MS progression.

The commonly used diagnostic criteria for MS are CDS, IDF and NEPA TPIII, and the critical values of FPG are 6.1, 
5.6, and 5.6mmol/L, respectively. CDS has poor consistency with international traditional diagnostic criteria among these 
diagnostic criteria. At present, there are few studies on the critical FPG for the diagnosis of MS. This study was a 3-year 
cohort follow-up study based on FPG threshold for MS. When the FPG of the subjects was within the normal range, the 
critical value for male subjects was 5.545mmol/L, and the critical value for female subjects was 5.605mmol/L, which has 
diagnostic significance for the onset of MS. In a large cross-sectional study that revised the CDS criteria and determined 
the optimal FPG cutoff value for diagnosing hyperglycemia in the Chinese population,10 the selected subjects were the 
Chinese diabetes and metabolic disease study population from 2007 to 2008. In total, 46,239 participants with an average 
age of 44.95 years old were included in the study. According to the 2013 CDS-MS hyperglycemia diagnostic criteria, the 
optimal diagnostic threshold of FPG was determined to be 5.62 mmol/L according to the ROC curve of the subjects. The 
sensitivity and specificity of the optimal FPG cutoff point were 66.92% and 89.09%. Finally, it was concluded that 
reducing the FPG diagnostic threshold to 5.6 mmol/L in the CDS-MS standard is more suitable for diagnosing MS in the 
Chinese population. In our study, the FPG critical value of subjects in the whole population was slightly lower than that 
of Xing et al.10 Based on the diagnostic criteria of IDF, the optimal FPG critical value suitable for diagnosing MS in the 
Chinese population was determined using the ROC curve to be 5.595 mmol/L. Although based on different diagnostic 
criteria, similar conclusions have been reached regarding the optimal diagnostic threshold for FPG.

In the ROC curve analysis in this study, the AUC value of FPG was also highly correlated with MS incidence. After 
gender stratification, the AUC value of male FPG was higher than that of female FPG. The optimal cutoff point for the 
AUC value of male FPG was 5.545, sensitivity was 0.515, and specificity was 0.833. For female FPG, the optimal 
tangent point of the AUC value was 5.605, the sensitivity was 0.537, and the specificity was 0.463. Therefore, when the 
FPG was within the normal range, the cutoff value of FPG was 5.5mmol/L for men and 5.6mmol/L for women, which 
were effective predictive cutoff values for MS. This study’s FPG cutoff value was lower than the FPG cutoff value 
defined by CDS, a commonly used MS diagnostic standard in China. However, more regional and extensive epidemio-
logical investigations are needed to determine whether the cut-off for optimal FPG diagnosis of MS can be reduced.

This study had some limitations. First, our analysis did not adjust for dietary habits, family history, etc., which may 
have influenced the incidence of FPG and MS. Second, our sample selected Guiyang, a relatively backward city in 
southwest China, and the results may not apply to people and races in other regions. Third, other indicators related to the 
presence of MS were not collected in our study design owing to epidemiological feasibility, and other potential 
confounding factors may have interfered with the results.

This is the first IDF criteria-based study in China to determine the optimal FPG threshold for the diagnosis of MS in 
the Chinese population. The sample size of this study was large, the age range of the participants was wide, and the data 
control was strict. In addition, we also verified the stability of the results using a sensitivity analysis.

Conclusions
Our study confirmed a significant independent association between FPG and MS in a general Chinese population with 
normal blood glucose levels. The critical effective FPG values for predicting MS were determined to be 5.545mmol/L for 
males and 5.605mmol/L for females. Our findings have improved the application value of FPG in the clinical diagnosis 
of MS using simple methods to screen high-risk diabetes and cardiovascular disease populations. In addition, the 
utilization of FPG in routine health examinations holds potential for the early identification of individuals at high risk 
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for MS, especially for people over 40. It should also be noted that additional research in multiracial populations is needed 
to validate our optimal FPG cutoff values.
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Data for the current study can be obtained from the corresponding author upon reasonable request.
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