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Purpose: Hemoglobin glycation index (HGI) is used to describe the difference between estimated and measured glycated hemoglobin
Alc (HbAlc). The present study aimed to investigate the association between metabolic syndrome (MetS) and HGI in middle-aged
and elderly Chinese.

Patients and Methods: In this cross-sectional study, a multi-stage random sampling method was used to select objects from the
permanent residents aged 35 years and above living in Ganzhou, Jiangxi, China. The demographic information, history of illness,
physical examination, and blood biochemistry data were obtained. HGI was calculated from fasting plasma glucose (FPG) and HbAlc
(HGI = measured HbAlc value - predicted HbAlc value). All participants were divided into low HGI and high HGI groups using the
median HGI as a cut-off value. Univariate analysis was used to detect the influencing factors of HGI, and Logistic regression analysis
was adopted to analyze the relationship between significant variables found in univariate analysis, MetS, or MetS’s components and
HGIL

Results: A total of 1826 participants were enrolled in the study, and the prevalence of MetS was 27.4%. There were 908 in the low
HGI group and 918 in the high HGI group, and the prevalence of MetS was 23.7% and 31.0%, respectively. Logistic regression
analysis showed that the prevalence of MetS in the high HGI group was higher than that in the low HGI group (OR=1.384, 95%
CI:1.110~1.725), further analysis showed that HGI was related with abdominal obesity (OR=1.287, 95% CI:1.061~1.561), hyperten-
sion (OR=1.349, 95% CI:1.115~1.632), and hypercholesterolemia (OR=1.376, 95% CI:1.124~1.684) (all P < 0.05). After adjusting for
age, sex, and serum uric acid (UA), the relationship still existed.

Conclusion: This study found that HGI is directly associated with MetS.
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Introduction

MetS is not a single disease, but a combination of metabolically interrelated risk factors such as abdominal obesity,
hyperglycaemia, dyslipidaemia, and hypertension.' In recent years, with the economic development in China, high-
calorie diet has become more common, which may be associated with the increasing prevalence of MetS.>* The National
Health and Nutrition Examination Survey of the United States showed that the MetS prevalence of adults was about 25%
worldwide, ranging from 20% to 30% in most countries.* Data from the China Health and Nutrition Survey in 2009
showed that the prevalence of MetS in Chinese adults was 10.50%,> but data from Longitudinal Study 2011-2015
showed that the prevalence of MetS was roared 25.55% in people aged 45 years and older.® MetS significantly increased
the risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). Studies have shown that MetS patients
experience a double increase in the risks of CVD within 5-10 years, five-fold in T2DM, and 1.6 times in mortality
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rates.”® The rising burden in economy and health-care system caused by MetS’ recommended that more research should
be conducted on MetS metrics.

HbAlc reflects an individual’s average glucose levels over the past 8—12 weeks and is recommended in clinical
practice as an important reference for the diagnosis of diabetes and the control of glycaemic levels in diabetic patients.'”
Indeed, individual variations in HbAlc caused by factors other than blood glucose concentration have been reported in
subjects with T2DM and in nondiabetic individuals; these variations were likely due to genetic factors, differences in
HbA lc rates or in red cell survival among different ethnic groups.'’ In order to better distinguish individual differences
and predict related diseases, some scholars have proposed the HGI. It is calculated based on the difference reflecting the
magnitude and direction between the observed HbA lc-predicted HbAlc,'? and the predicted HbAlc value is estimated
based on the significant linear relationship between FPG and HbA 1¢c (HGI=observed HbA 1c-predicted HbAlc). The HGI
can identify people with HbAlc levels that are higher or lower than average compared to other people with the same
blood glucose concentrations.'® Studies have shown that HGI has a good predictive effect on chronic diseases such as
T2DM-related complications, coronary atherosclerosis, and hepatic steatosis.'*'> However, the correlation between HGI
and MetS has rarely been reported. Therefore, the correlation between MetS and HGI will be detected in this paper based
on the population in Ganzhou, Jiangxi, China.

Materials and Methods
Study Design and Study Population

Data in this study were the baseline of the Gannan Medical University cohort study conducted from June to
September 2020. Participants were permanent residents of Ganzhou, Jiangxi, China. People aged 35 years and above
were sampled, and a total of 1826 participants enrolled in the study. Inclusion criteria for the study: 35 years or older;
more than 1 year of residence in Ganzhou; no severe physical disability; and able to communicate normally. Exclusion
criteria: pregnant women; the completion rate of questionnaires was less than 70%.

This study followed the principles in the Declaration of Helsinki and was approved by the medical ethics committee
of Gannan Medical University (The number of ethics committee: NO.2019129). All participants volunteered to
participate in the study and signed informed consent.

Information and Biomarkers Collection

Physical examinations and face-to-face questionnaires were conducted among the population to collect data on demo-
graphic characteristics, disease histories, anthropometric indicators etc. Meanwhile, fast blood samples were collected
from 7 a.m. to 10 a.m., and all samples were submitted to the same laboratory. The levels of triglycerides (TG, mmol/L),
high-density lipoprotein cholesterol (HDL-C, mmol/L), UA (umol/L), HbAlc, and FPG (mmol/L) were measured by
professionals using a fully automatic biochemical analyzer (Beckman Coulter AU5800). The latex particle-enhanced
turbidimetric immunoassay, hexokinase method, GPO-PAP method, peroxide scavenging, and uricase-based method
were used to detect HbAlc, FPG, TG, HDL-C, and UA, respectively. The above biomarkers were detected using kits
produced by the Medical System company. All questionnaires and physical examinations were carried out by uniformly
trained investigators, and all samples were processed by professional medical staff in the laboratory department.

Definition of MetS

According to the MetS diagnostic criteria formulated by the Chinese Diabetes Society, patients with three or more of the
following items can be diagnosed:' (1) abdominal obesity (waist circumference >90 cm for men and 85 cm for women);
(2) hyperglycemia: FPG >6.10mmol/L or diagnosed diabetes mellitus; (3) hypertension: blood pressure >130/85SmmHg
(lmmHg=0.133kPa) or diagnosed hypertension; (4) hypertriglyceridemia: Fasting triglyceride (TG) >1.70mmol/L; (5)
Low HDL-C: fasting HDL-C <1.04mmol/L.

Index of Glycated Hemoglobin Variation
HGI = measured HbAlc value - predicted HbAlc Value
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According to the scatter plot of HbAlc and FPG a linear regression equation was established to estimate the predicted
HbA 1c value. The predicted value of HbAlc (%) was calculated by the linear regression equation (predicted HbAlc =
2.941 + 0.392 x FPG (mmol/L)), R* = 0.670, (P<0.001). (Figure 1)

Participants Group
Two main subgroups were included in this study.

1. Individuals with and without MetS.
2. According to the median HGI value, the subjects were divided into two groups: low HGI group (HGI<-0.03%)
and high HGI group (HGI > —0.03%).

Statistical Analysis

All analyses were conducted using Statistical Product and Service Solutions 26.0 (SPSS 26.0). Mean =+ standard deviation
was used to represent the measurement data with approximately normal distribution, and the #-test was used for
comparison between groups. Categorical variables were described by percentage, and chi-squared test was used for
comparison between groups. The risk factors for MetS and the correlation between HGI and MetS were analyzed using
binary Logistic regression. After adjusting for age, sex, and UA, we investigated the independent correlation between
HGI and MetS using Logistic regression analysis, and P<0.05 (two-sided) was considered statistically significant.

Results

Clinical Characteristics of All Participants
This study included 1826 subjects (609 males and 1217 females) with an average age of 54.85 years (54.85+7.59), the
prevalence of MetS was 27.4% (500 cases), and the median HGI was —0.03 (=0.24, 0.19). (Table 1)

Comparison of Basic Parameters Between the High and Low HGI Groups
Compared to the low HGI group, the prevalence of MetS was higher in the high HGI group (P<0.001) (Figure 2). There
were significant differences in age, WC, DPB, SBP, FPG, and TG between the two HGI groups. The prevalence of
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Figure | Regression of HbAlc VS FPG.
Note: The dotted line represents the simple linear regression line of the equation: predicted HbAlc = 2.941 + 0.392 x FPG (mmol/L), R* = 0.670 (P<0.001).
Abbreviations: HbAc, glycated hemoglobin Alc; FPG, fasting plasma glucose.
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Table | Clinical Characteristics of All Participants

Subjects (n=1826)

Gender Male (609, 33.4%)
Age(years) 54.85%7.59
WC(cm) 84.60+8.8I
DBP(mmHg) 127.35+18.74
SBP(mmHg) 80.74+11.89
FPG(mmol/L) 5.72+1.65
HbA (%) 5.18+0.02
TG(mmol/L) 5.24£1.00
HDL-C(mmol/L) 1.41+0.31
UA(umol /L) 310.58+90.88
Abdominal Obesity 769(42.1%)
Hypertriglyceridemia 708(38.8%)
Low HDL-C 179(9.8%)
Hypertension 971(53.2%)
Hyperglycemia 448(24.5%)
Diagnosed Diabetes Mellitus 229(12.5%)
Diagnosed Hypertension 476(26.1%)
MetS 500(27.4%)
HGI —0.03(—0.24, 0.19)

Notes: Data are median (25th-75th interquartile range) and mean * stan-
dard deviation.

Abbreviations: WC, waist circumference; DBP, systolic blood pressure;
SBP, diastolic blood pressure; FBG, fasting plasma glucose; HbA ¢, glycated
hemoglobin Alc; TG, triglyceride; HDL-C, high density lipoprotein choles-
terol; UA, uric acid; MetS, metabolic syndrome; HGI, hemoglobin glycation
index; Low HDL-C, Low high-density lipoprotein cholesterol.

abdominal obesity, hypertension, hypertriglyceridemia, and Low HDL-C in the high HGI group was higher than those of
the low HGI group (P<0.05). No statistical differences were found in gender, HDL-C, and UA between the two groups
(P>0.05). (Table 2)

Dichotomous Logistic Regression Analysis of Risk Factors for MetS

Dichotomous logistic regression analysis was used to analyze the relative factors of MetS among age, gender, UA, and
HGI. The results indicated that age, UA, and HGI were associated with the prevalence of MetS. Compared to the low
HGI group, the prevalence of MetS increased 1.384-fold in the high HGI group (P=0.004) (Table 3).

Correlation Analysis of HGI Groups with MetS and Its Diagnostic Components
Univariate data analysis showed that the HGI group was influencing factors for MetS prevalence. In addition, HGI was
correlated with abdominal obesity, hypertension, and hypertriglyceridemia. However, HGI was not correlated with Low
HDL-C (Table 4).
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Figure 2 Comparison of the prevalence of MetS between the high HGI group and the low HGI group in all subjects.
Note: *Denotes significance at a P value of <0.05.
Abbreviations: Low HGI, Low hemoglobin glycation index group; High HGI, High hemoglobin glycation index group; MetS, metabolic syndrome.

Logistic Regression Analysis of HGI with MetS and Its Components

For all participants, the high HGI group was negatively correlated with abdominal obesity, hypertension, and hyper-
triglyceridemia in the crude model 1 (Table 5). After adjustment for age, gender, and UA, elevated HGI was still
associated with abdominal obesity and hypertriglyceridemia in model 2 (Table 6).

Table 2 Comparison of Indicators Between High HGI Group and Low HGI

Group
Low HGI(n=908) | High HGI(n=918) P
Gender Male (312, 34.4%) Male (297, 32.4%) 0.363
Age(years) 53.68+7.57 56.00£7.45 <0.001*
WC(cm) 83.68+8.52 85.52+9.00 <0.001*
DBP(mmHg) 125.76+18.51 128.93+18.84 <0.001*
SBP(mmHg) 80.09+11.51 81.38£12.22 0.021*
FPG(mmol/L) 5.87+1.61 5.57+1.69 <0.001*
TG(mmol/L) 5.15£0.99 5.34£0.99 <0.001*
HDL-C(mmol/L) 1.42+0.31 1.41£0.31 0.515
UA(umol /L) 309.34+£90.61 311.81491.18 0.562
Abdominal Obesity 343(37.8%) 426(46.4%) <0.001*
Hypertension 438(48.2%) 533(58.1%) <0.001*
Hyperglycemia 308(33.9%) 400(43.6%) <0.001*
Low HDL-C 81(8.9%) 98(10.7%) 0.013*

Notes:*Denotes significance at a P value of <0.05. Data are mean + standard deviation.

Abbreviations: WC, waist circumference; DBP, systolic blood pressure; SBP, diastolic blood
pressure; FPG, fasting plasma glucose; TG, triglyceride; HDL-C, high density lipoprotein choles-
terol; UA, uric acid; MetS, metabolic syndrome; HGI, hemoglobin glycation index; Low HDL-C,
Low high-density lipoprotein cholesterol.
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Table 3 Logistic Regression Analysis of Risk Factors for MetS Prevalence

B(95% CI) Std.Error Beta P
Age 1.034(1.018, 1.049) 0.008 0.033* <0.001
UA 1.007(1.006, 1.008) 0.001 0.007* <0.001
HGI group 1.384(1.110, 1.725) 0.112 0.325*% 0.004
Note:*Denotes significance at a P value of <0.05.
Abbreviations: UA, uric acid; HGI group, hemoglobin glycation index group.
Table 4 Correlation Analysis of HGlI Groups with MetS and Its
Diagnostic Components
HGI
MetS Chi-Square-valve 12.46 1*
p-value <0.001
Abdominal Obesity Chi-Square-valve 13.946*
p-value <0.001
Hypertension Chi-Square-valve 17.691%*
p-value <0.001
Hypertriglyceridemia Chi-Square-valve 17.915%
p-value <0.001
Low HDL-C Chi-Square-valve 1.590
p-value 0.507
Note: *Denotes significance at a P value of <0.05.
Abbreviations: MetS, metabolic syndrome; HGI, hemoglobin glycation index; Low HDL-C,
Low high-density lipoprotein cholesterol.
Table 5 Association of Model | HGI with MetS Diagnosis
B(95% CI) Std.Error Beta P
Abdominal Obesity 1.287(1.061, 1.561)* 0.098 0.252 0.010
Hypertension 1.349(1.115, 1.632)* 0.097 0.299 0.002
Hypertriglyceridemia | 1.376(1.124, 1.684)* 0.103 0.319 0.002
Low HDL-C 0.958(0.691, 1.329) 0.167 —0.042 0.799
Note: *Denotes significance at a P value of <0.05.
Abbreviations: HGI, hemoglobin glycation index; Low HDL-C, Low high-density lipoprotein cholesterol.
Table 6 Association Between HGI and MetS Diagnosis in Model 2
B(95% CI) Std.Error Beta P
Abdominal Obesity 1.240(1.017, 1.511)* 0.101 0.215 0.034
Hypertension 1.215(0.995, 1.485) 0.102 0.195 0.057
Hypertriglyceridemia | 1.429(1.159, 1.761)* 0.107 0.357 0.001
Low HDL-C 1.034(0.740, 1.444) 0.170 0.033 0.844

Note: *Denotes significance at a P value of <0.05.

Abbreviations: MetS, metabolic syndrome; HGI, hemoglobin glycation index; Low HDL-C, Low high-density lipopro-

tein cholesterol.
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Discussion

Our survey showed that the prevalence of MetS in subjects over 35 years or older was 27.4% and the age-standardized
prevalence of MetS was 13.63%. This estimated prevalence was similar to the data of 14.39% from a report among adults over
18 years old across China from May 2013 to July 2014.'® However, it is lower than the value of 25.00% in the Middle East and
34.70% in America.*'” MetS forms a cluster of metabolic dysregulations including ectopic lipid accumulation, insulin
resistance (IR), obesity, and many other health factors.'® In this study, we investigated the relationship between MetS and HGL.

Univariate analysis results showed that people with higher HGI had a higher prevalence of MetS. The logistic regression
analysis showed that the risk of MetS in the high HGI group was 1.384-fold for the risk of low HGI group. Multivariate logistic
regression analysis showed that higher HGI was positively associated with the prevalence risk of abdominal obesity,
hypertension, hypercholesterolemia, and MetS, even when the influence of age, gender, and UA was adjusted, the relationship
still existed. However, the association between HGI and Low HDL-C was not statistically significant in this study. The results
of this study show that high HGI is associated with multiple diagnostic factors of MetS. Therefore, high HGI is thought to be
associated with MetS prevalence, and some possible mechanisms are as follows.

HbA ¢, as an indicator of the long-term stability of blood glucose, is related to pancreatic islet B-cell dysfunction and the
degree of IR."? Studies have shown that HbA l¢ level can not only be used to identify patients at high risk of diabetes but also
have a certain role in the identification of cardiovascular disease.”” HGI is defined as the difference between the observed
HbA I¢ value and the predicted HbA ¢ value, representing the degree of non-enzymatic glycation of hemoglobin.'' Existing
studies have shown that high HGI can be used as a glucose metabolism phenotype, which reflects the levels of inflammatory
markers such as C-reactive protein, erythrocyte sedimentation rate, white blood cell count, and complement C3.%!

Abdominal obesity is the result of excessive fat storage in the body. Its physiological mechanism is a chronic
inflammatory response caused by the release of inflammatory molecular mediators from adipocytes to maintain metabolic
homeostasis under oxidative stress, and visceral fat accumulation is an independent risk factor for diabetes. High plasma
levels of C-reactive protein (Crp) and fibrinogen in people with higher HGI are the results of hepatic secretion in
response to factors released by macrophages and adipocytes during the acute phase of the inflammatory response.'*~*>

It has been proven that hyperinsulinemia is one of the pathophysiological basis of hypertension. The pathological
mechanism is that hyperinsulinemia may induce renal sodium and water retention, thereby activating the renin-
angiotensin-aldosterone system, enhancing sympathetic nerve activity, promoting endothelial cell dysfunction, and
thereby increasing peripheral and renal vascular resistance. In addition, hyperinsulinemia may have a synergistic effect
on obesity and hypertension by increasing adipokine secretion, and sympathetic nervous system activity.>> HGI elevation
may contribute to atherosclerosis through pro-inflammatory cell signaling and oxidative stress. Besides, it may lead to
endothelial cell damage, further promoting endothelial cell release of endothelin, inhibiting nitric oxide, and prostacyclin
production, causing vasodilatory dysfunction, and further contributing to elevated hypertension.*

Insulin is involved in the anabolic activity of skeletal muscle.>* IR is significantly associated with hypertriglycer-
idemia and low high-density lipoprotein cholesterol.”> Overexpression of lipoprotein lipase (LPL) in the liver or muscle
induces lipid accumulation in the respective tissues, tilts immune cells in the skeletal muscle toward a proinflammatory
phenotype, increases proinflammatory macrophages in the cells, releases cytokines and other metabolites, and induces
activation of several kinases and phosphatases in muscle fibers. It further leads to hypertriglyceridemia, peripheral
ectopic fat deposition, and severe IR.>*%%2

There are several limitations to this study. First, because of the cross-sectional nature of the study, causality cannot be
inferred. Secondly, as a field investigation study, there are uncontrollable factors in the field situation, so the gender ratio
of the subjects included in this study is quite different, which may have a certain impact on the results. Finally, as
a regional study, the representativeness of the results of this study has certain limitations.
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