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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Objective: To investigate the correlation between 

hyperglycemia and lipid indicators under different Body Mass 
Index (BMI) and hypertension prevalence.

Method: 1585 subjects (367 hyperglycemic patients and 
1218 controls) were selected from the First Affiliated Hospital 
of Wannan Medical College. Lipid indicators included total 
cholesterol (TC), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), remnant cholesterol (RC), low-density lipoprotein/
high-density lipoprotein cholesterol ratio (LHR) and 
triglycerides/high-density lipoprotein cholesterol ratio (THR). 
Multivariate logistic regression analysis was used.

Results: TG, TC, RC, LHR, and THR were higher in the 
hyperglycemia group (p<0.05), while HDL-C was lower 
(p<0.05). FBG correlated positively with TC, TG, RC, and THR 
(p<0.05). Logistic regression showed TG (OR=1.163, p=0.001), 
RC (OR=1.295, p=0.030), and THR (OR=1.172, p=0.001) as 
hyperglycemia risk factors. In normotensive patients, TC and 
LDL-C increased hyperglycemia risk, while in hypertensive 
patients, TG, THR, and RC did (p<0.05). When BMI≥24, TG 
(OR=1.190, p=0.001), THR (OR=1.193, p=0.001), and RC 
(OR=1.364, p=0.035) increased hyperglycemia risk, but HDL-C 
(OR=0.412, p=0.008) was protective.

Conclusion: TG, RC, and THR are significantly related to 
hyperglycemia in hypertensive, overweight, and obese patients. 
Lipid indicators associated with hyperglycemia risk differ 
by blood pressure level, providing a basis for evaluating and 
treating these conditions.

Key words. Lipid indicators, hyperglycemia, hypertension, 
obesity, multivariate analysis.
Introduction.

Diabetes is a metabolic disease characterized by long-term 
hyperglycemia due to impairment of insulin secretion or 
utilization, leading to functional decline and failure of multiple 
tissue and organ systems. With the change of social nutrition 
structure and lifestyle, people's blood sugar level has gradually 
changed. The prevalence of type 2 diabetes has been increasing 
globally over the past 40 years [1,2]. China is no exception. 
As of 2017, the prevalence of diabetes among people aged 18 
and above in China has reached 11.2%, with a high proportion 
of undiagnosed diabetes [3]. Prediabetes is characterized by 
impaired glucose tolerance, impaired blood sugar regulation, 
and higher than normal blood sugar levels, but does not reach 
the level for a diagnosis of diabetes [4]. It is a transitional stage 
in the development of diabetes and is reversible. Prediabetes 

is associated with increased diabetes, cardiovascular events, 
and mortality [5]. The prevalence of prediabetes in China is 
as high as 35.2% [6]. Therefore, hyperglycemia, as a common 
feature of prediabetes and diabetes, plays an important role in 
the occurrence and development of the disease.

Overweight and obesity is one of the main factors affecting 
the formation of diabetes [7]. Among the patients with 
diabetes from 1980 to 2020, more than 36% of the incidence 
of diabetes is related to obesity, and the risk of diabetes in 
overweight or obese people is 2 to 6 times that of the normal 
population [8]. Obesity is closely related to blood lipids, and 
effective control of blood lipids is a powerful measure for 
the prevention and control of cardiovascular diseases [9]. In 
addition, during the occurrence and development of diabetes, 
the abnormal occurrence time of lipid metabolism is earlier 
than the occurrence time of hyperglycemia, which can induce 
the disorder of glucose metabolism in patients [10]. Lipid 
indicators are divided into individual lipid indicators and lipid 
ratios. Individual lipid indicators include total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein cholesterol 
(HDL-C) low-density lipoprotein cholesterol (LDL-C), remnant 
cholesterol (RC), etc. The lipid ratio includes low-density 
lipoprotein/high-density lipoprotein cholesterol ratio (LHR), 
triglycerides/high-density lipoprotein cholesterol ratio (THR), 
etc. Blood lipid is an important indicator in the occurrence and 
development of diabetes [11]. Among them, elevated levels of 
TC and LDL-C have been recognized as the main risk factors 
for CVD [12], and RC was listed as a newly discovered risk 
factor of atherosclerosis by the American Heart Association in 
2001 [13].

The risk of obesity-related cardiovascular disease varied 
between blood pressure levels. People with a history of 
hypertension have a higher risk of cardiovascular disease than 
those without a history of hypertension [14,15]. Therefore, this 
study analyzed the relationship between lipid indexes and high 
blood glucose levels by stratification according to the presence or 
absence of hypertension. Other studies have shown that obesity 
and dyslipidemia are risk factors for cardiovascular disease, and 
the two have a positive additive interaction in the occurrence 
and development of the disease [16]. In the process of mutual 
influence between lipid indicators and Body Mass Index (BMI), 
some lipid indicators change before BMI [17]. This indicates 
that maintaining lipid indicators within the reference range 
is relatively more important than maintaining a normal BMI. 
Therefore, in the context of obesity, simply focusing on BMI is 
not enough, and lipid indicators are more worthy of attention. 
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This study analyzed the relationship between lipid indexes and 
high blood sugar level under different conditions, and provided 
scientific basis for clinical diagnosis, treatment and prevention 
of diabetes in the course of occurrence and development.
Materials and Methods.

Study participants: A total of 1585 subjects were included in 
this study, including 906 males with a median age of 47.5 years 
and 579 females with a median age of 46.8 years. According 
to the Standards of Medical Care in Diabetes 2020 issued by 
the ADA [18]. The inclusion criteria for hyperglycemia were 
fasting blood glucose (FBG) ≥ 5.6 mmol/L, oral hypoglycemic 
drugs, or diagnosed T2DM. The inclusion criteria of the controls 
were fasting blood glucose < 5.6 mmol/L, no oral hypoglycemic 
drugs, and no history of T2DM. The inclusion criteria of 
hypertensive were according to the Chinese Guidelines for the 
prevention and treatment of Hypertension (2018 revision) [19], 
systolic blood pressure ≥ 140 and/or diastolic blood pressure 
≥ 90mmhg, or a history of hypertension. The inclusion criteria 
for the controls were an average systolic blood pressure < 
140 mmHg and diastolic blood pressure < 90 mmHg three 
times, no history of hypertension, and no cardiovascular or 
cerebrovascular disease. The exclusion criteria were as follows: 
(1) history of cardiovascular and cerebrovascular diseases, 
history of infectious diseases, and history of malignant tumors; 
(2) Have lost weight or taken diet pills within the last 6 months; 
(3) Data loss. This study was approved by the institutional 
Ethics Committee (Ethics number:2022099), and all subjects 
gave informed consent.
Clinical data collection:

All participants were investigated by questionnaire, physical 
examination, and laboratory test. Smoking history (≥ 1 cigarette 
per day in the previous 6 months) and drinking history (≥ 30 
g of alcohol consumed per week in the previous 6 months) of 
the individuals were obtained by questionnaire. Body mass 
index (BMI), systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured by trained and qualified medical 
personnel. The classification criteria of BMI are: underweight 
(BMI<18.5 kg/m2), normal weight (BMI: 18.5-23.9 kg/m2), 
overweight and obesity (BMI≥24.0 kg/m2) [20].
Lipid parameters Measurements:

Venous blood was drawn in the morning on an empty stomach, 
and the laboratory used 7060 (Hitachi, Japan) automatic 
biochemistry instrument to measure blood biochemical indexes, 
including FBG, TG, and HDL-C, LDL-C, TC. RC levels are 
calculated by subtracting HDL-C and LDL-C from TC [21]. 
LHR is calculated by dividing LDL-C by HDL-C. THR is 
calculated by dividing TG by HDL-C.
Statistical analysis.

For baseline information, measurement data that followed 
a normal distribution were expressed as the mean ± standard 
deviation (SD), and intergroup comparisons were performed 
using an independent sample t test. Measurement data that 
did not conform to the normal distribution were expressed as 
the median (P25, P75), and the Mann Whitney U test was used 
for intergroup comparison. Classification data was described 
using composition ratio, and the χ2 test was used to compare 

the differences between cases and controls. The Spearman 
correlation coefficient was used to assess the correlation between 
lipid parameters and hyperglycemia. The odds ratio (OR) and 
95% confidence interval (CI) from binary logistic regression 
analyses were calculated to test the association between different 
stratification levels and the risk of hyperglycemia. 

All data analyses were conducted using the SPSS 26.0 software, 
and the results showed a statistically significant difference of p 
< 0.05 on both sides.
Results.
Demographic and clinical characteristics of the subjects:

A total of 367 hyperglycemia patients (271 males and 96 
females, respectively) and 1218 controls (735 males and 483 
females, respectively) were included in the study. As shown in 
Table 1, Uric acid (UA) and LDL-C levels were similar in the 
hyperglycemia group and the control group, and the difference 
was not statistically significant (p>0.05). The percentage of 
males, the smoking rate, the drinking rate and the prevalence 
of hypertension in the hyperglycemia group were 73.8%, 
36.0%, 27.8% and 85.0%, respectively, which were higher 
than those of the controls (60.3%, 25.9%, 20.2% and 59.9%), 
and the difference was statistically significant (p<0.05). Age, 
BMI, SBP, DBP, FBG, UA, TG, TC, RC LHR and THR levels 
were significantly higher in the hyperglycemia group than in 
the control group. HDL-C levels were significantly lower in the 
hyperglycemia group than in the control group(p<0.05).
Analysis of lipid parameters in hyperglycemia and control 
groups stratified by hypertensive status:

As shown in Table 2, TC, TG, LDL-C, RC, LHR, and THR 
parameters in the normotensive hyperglycemia group were 
higher than those in the control group, while TG, RC, and THR 
parameters in the hypertensive hyperglycemia group were 
higher than those in the control group (all p < 0.05).
Analysis of lipid parameters in hyperglycemia and control 
groups stratified by BMI:

As shown in Table 3, TC, TG, RC, and THR parameters were 
higher in the 18.5≤BMI<24 and BMI≥24 hyperglycemia groups 
than in the control groups, but LDL-C of the control group was 
higher than that of the hyperglycemia group when BMI<18.5 
(all p<0.05).

Correlation of TC, TG, HDL-C, LDL-C, RC, and LHR 
with FBG: Spearman's correlation analysis showed a positive 
correlation between FBG and TC, TG, RC, THR(p<0.05); 
meanwhile, TC, TG, LDL-C, RC, LHR, THR in normotensive 
group and TG, RC, THR in hypertensive group were positively 
associated with FBG (p<0.05, Table 4).
Multifactorial regression analysis of hyperglycemia and lipid 
parameters by hypertensive status:

Univariate logistic regression analysis showed that TC 
(OR=1.223, 95%CI=1.090-1.373, p=0.001), TG (OR=1.290, 
95%CI=1.187-1.403, p<0.001), RC (OR=1.926, 95%CI=1.546-
2.399, p<0.001), LHR (OR=1.372, 95%CI=1.121-1.679, 
p=0.002), and THR (OR=1.287, 95%CI=1.177-1.407, p<0.001) 
were risk factors for hyperglycemia, while HDL-C (OR=0.570, 
95%CI=0.395-0.823, p=0.003) was protective factor. After 
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Characteristic Control(n=1218) Hyperglycemia(n=367) t/Z/χ2 p
Age, years 45.40(39.00,52.00) 53.30(44.00,59.00) 11.982 <0.001
BMI, kg/m2 23.82±3.12 25.10±3.00 6.976 <0.001
Gender, n (%)
Males 735(60.30) 271(73.80) 22.159 <0.001
Females 483(39.70) 96(26.20)
Smoking, n (%)
Yes 316(25.90) 132(36.00) 13.974 <0.001
No 902(70.50) 235(64.00)
Drinking, n (%)
Yes 246(20.20) 102(27.80) 9.496 0.002
No 972(79.80) 265(72.20)
Hypertension, n (%)
Yes 730(59.90) 312(85.00) 78.760 <0.001
No 488(40.10) 55(15.00)
SBP, mmHg 131.42(118.00,142.25) 142.86(130.00,155.00) 9.906 <0.001
DBP, mmHg 83.64(75.00,90.25) 88.52(81.00,96.00) 7.216 <0.001
FBG, mmol/L 4.90(4.66,5.17) 6.78(5.79,7.14) 28.602 <0.001
UA, μmol/L 68.99 (56.58,79.83) 70.29(59.50,78.80) 0.746 0.456
TC, mmol/L 4.84(4.17,5.39) 5.05(4.32,5.68) 3.439 0.001
TG, mmol/L 1.15(0.82,1.85) 2.06(1.11,2.42) 6.765 <0.001
HDL-C, mmol/L 1.55(1.32,1.76) 1.49(1.26,1.68) 3.193 <0.001
LDL-C, mmol/L 2.71(2.22,3.14) 2.79(2.26,3.28) 1.506 0.132
RC, mmol/L 0.58(0.30,0.71) 0.76(0.41,0.91) 6.606 <0.001
LHR, mmol/L 1.82±0.57 1.92±0.60 3.090 0.002
THR, mmol/L 1.10(0.49,1.29) 1.58(0.68,1.79) 6.478 <0.001
BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FBG: Fasting Blood Glucose; TC: Total Cholesterol; 
TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; RC: Remnant Cholesterol; 
LHR: LDL / HDL Cholesterol Ratio; THR: TG / HDL Cholesterol Ratio.

Table 1. Demographic and clinical characteristics of the subjects.

Characteristic
Normotensive Hypertensive
Control
(n=488)

Hyperglycemia
(n=55) t/Z p Control

(n=730)
Hyperglycemia
(n=312) t/Z p

TC, mmol/L 4.77±0.95 5.29±1.15 3.791 <0.001 4.89(4.24,5.44) 5.00(4.27,5.66) 1.704 0.088
TG, mmol/L 1.22(0.72,1.48) 1.76(0.91,1.83) 3.577 <0.001 1.74(0.96,2.11) 2.12(1.12,2.47) 3.376 0.001
HDL-C, mmol/L 1.63±0.35 1.58±0.35 1.058 0.290 1.50(1.28,1.71) 1.48(1.26,1.64) 1.419 0.156
LDL-C, mmol/L 2.64±0.69 3.10±0.92 3.540 0.001 2.76(2.28,3.19) 2.74(2.21,3.21) 0.635 0.525
RC, mmol/L 0.49(0.25,0.63) 0.61(0.32,0.80) 2.206 0.027 0.63(0.34,0.76) 0.79(0.43,0.93) 4.644 <0.001
LHR, mmol/L 1.70±0.57 2.02±0.59 3.989 <0.001 1.90±0.55 1.91±0.60 0.216 0.829
THR, mmol/L 0.82(0.41,0.97) 1.36(0.60,1.30) 3.241 0.001 1.29(0.59,1.53) 1.62(0.70,1.85) 3.148 0.002

Table 2. Analysis of lipid parameters in hyperglycemia and control groups stratified by hypertensive status.

Characteristic
BMI<18.5 18.5≤BMI<24 BMI≥24
Control
(n=27)

Hyperglycemia
(n=3) t/Z p Control

(n=630)
Hyperglycemia
(n=126) t/Z p Control

(n=561)
Hyperglycemia
(n=238) t/Z p

TC, mmol/L 4.72(3.92,5.24) 3.99(3.85,4.24) 1.279 0.201 4.81(4.12,5.39) 5.12(4.38,5.67) 2.901 0.004 4.88(4.28,5.42) 5.02(4.268,5.72) 1.989 0.047
TG, mmol/L 0.96(0.74,1.18 1.97(0.63,2.01) 2.837 0.863 1.29(0.72,1.52) 1.60(0.91,1.77) 3.837 <0.001 1.84(1.04,2.21) 2.31(1.23,2.71) 3.542 <0.001
HDL-C, 
mmol/L 1.85(1.65,2.06) 1.78(1.63,2.01) 0.257 0.782 1.65(1.40,1.84) 1.67(1.42,1.87) 0.257 0.797 1.44(1.23,1.60) 1.40(1.22,1.54) 1.362 0.173

LDL-C, 
mmol/L 2.40(1.80,2.97) 1.58(1.27,1.79) 1.552 0.035 2.64±0.71 2.77±0.87 1.552 0.123 2.81±0.66 2.82±0.83 0.200 0.842

RC, mmol/L 0.48(0.27,0.64) 0.62(0.36,0.97) 4.285 0.489 0.52(0.26,0.64) 0.69(0.36,0.83) 4.285 <0.001 0.64(0.34,0.77) 0.80(0.42,1.00) 4.022 <0.001
LHR, mmol/L 1.32(1.09,1.58) 0.89(0.78,1.05) 0.895 0.057 1.67±0.54 1.72±0.57 0.895 0.371 2.01±0.54 2.05±0.58 0.89 0.374
THR, mmol/L 0.55(0.40,0.60) 1.18(0.31,2.69) 0.380 0.704 0.86(0.41,1.00) 1.08(0.54,1.12) 2.972 0.003 1.40(0.68,1.68) 1.85(0.82,2.05) 3.455 0.001

Table 3. Analysis of lipid parameters in hyperglycemia and control groups stratified by BMI.
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Characteristic All subjects a Normotensive b Hypertensive b

r p r p r p
TC, mmol/L 0.056 0.025 0.132 0.002 0.044 0.153
TG, mmol/L 0.143 <0.001 0.136 0.002 0.146 <0.001
HDL-C, mmol/L -0.023 0.364 0.007 0.877 -0.030 0.327
LDL-C, mmol/L 0.007 0.794 0.121 0.005 -0.018 0.553
RC, mmol/L 0.116 <0.001 0.096 0.026 0.123 <0.001
LHR, mmol/L 0.011 0.651 0.088 0.040 -0.004 0.903
THR, mmol/L 0.135 <0.001 0.103 0.017 0.143 <0.001
a Controlled for age, BMI, gender, smoking, drinking and hypertension.
b Controlled for age, BMI, gender, smoking, and drinking.

Table 4. Correlation of TC, TG, HDL-C, LDL-C, RC and LHR with FBG.

Characteristic Crude OR (95%CI) p Adjusted OR (95%CI) p
All subjects a

TC, mmol/L 1.223 (1.090,1.373) 0.001 1.083 (0.953,1.230) 0.222
TG, mmol/L 1.290 (1.187,1.403) <0.001 1.163 (1.067,1.269) 0.001
HDL-C, mmol/L 0.570 (0.395,0.823) 0.003 0.700 (0.440,1.113) 0.132
LDL-C, mmol/L 1.156 (0.987,1.353) 0.072 1.059 (0.894,1.255) 0.508
RC, mmol/L 1.926 (1.546,2.399) <0.001 1.295 (1.025,1.637) 0.030
LHR, mmol/L 1.372 (1.121,1.679) 0.002 1.169 (0.923,1.481) 0.195
THR, mmol/L 1.287(1.177,1.407) <0.001 1.172 (1.069,1.285) 0.001
Normotensive b

TC, mmol/L 1.632 (1.256,2.121) <0.001 1.416 (1.063,1.886) 0.017
TG, mmol/L 1.506 (1.165,1.946) 0.002 1.265 (0.954,1.676) 0.102
HDL-C, mmol/L 0.642 (0.282,1.459) 0.290 1.391 (0.519,3.733) 0.512
LDL-C, mmol/L 2.201 (1.527,3.172) <0.001 1.742 (1.187,2.557) 0.005
RC, mmol/L 1.880 (1.044,3.388) 0.036 1.034 (0.510,2.098) 0.926
LHR, mmol/L 2.524 (1.575,4.047) <0.001 1.639 (0.934,2.874) 0.085
THR, mmol/L 1.486 (1.086,2.033) 0.013 1.217 (0.898,1.650) 0.206
Hypertensive b

TC, mmol/L 1.115 (0.977,1.273) 0.107 1.020 (0.885,1.176) 0.783
TG, mmol/L 1.173 (1.075,1.279) <0.001 1.147 (1.047,1.257) 0.003
HDL-C, mmol/L 0.789 (0.513,1.213) 0.280 0.616 (0.363,1.046) 0.073
LDL-C, mmol/L 0.961 (0.802,1.151) 0.665 0.940 (0.778,1.137) 0.526
RC, mmol/L 1.654 (1.298,2.106) <0.001 1.331 (1.037,1.708) 0.025
LHR, mmol/L 1.026 (0.812,1.296) 0.812 1.065 (0.819,1.386) 0.638
THR, mmol/L 1.173 (1.070,1.286) 0.001 1.163 (1.054,1.283) 0.003
a Adjusted for age, BMI, gender, smoking, drinking and hypertension.
b Adjusted for age, BMI, smoking and drinking.

Table 5. Multifactorial regression analysis of hyperglycemia and lipid parameters by hypertensive status.

adjusting for covariates, the difference of TG (OR=1.163, 
95%CI=1.067-1.269, p=0.001), RC (OR=1.295, 95%CI=1.025-
1.637, p=0.030) and THR (OR=1.172, 95%CI=1.069-1.285, 
p=0.001) were still statistically significant. The TC (OR=1.632, 
p<0.001), LDL-C (OR=2.201, p<0.001) in the normotensive 
group and the TG (OR=1.173, p<0.001), AC (OR=1.654, 
p<0.001), THR (OR=1.173, p=0.001) in the hypertensive group 
were associated with an increased risk of hyperglycemia, and the 
differences remained significant after adjustment (p>0.05). In 
addition, TG (OR=1.506, p=0.002), LHR (OR=2.524, p<0.001) 
and THR (OR=1.486, p=0.013) in the normotensive group also 
showed an increased risk of hyperglycemia, but the differences 
disappeared after adjusted for covariates (p>0.05). It is worth 
mentioning that RC was associated with an increased risk of 

hyperglycemia in both hypertensive (OR=1.654, p<0.001) 
and normotensive (OR=1.880, p=0.036) groups, but only the 
difference in hypertensive groups remained significant after 
adjustment (OR=1.331, p=0.025).
Multifactorial regression analysis of hyperglycemia and lipid 
parameters at different BMIs:

18.5≤BMI<24 group TC (OR=1.330, p=0.002), TG (OR=1.224, 
p=0.009), RC (OR=1.860, p=0.001), THR (OR=1.223, p=0.022) 
were associated with increased risk of hyperglycemia, but the 
differences disappeared after adjusted for covariates, while 
BMI≥24, the results showed that TG and RC were associated 
with increased risk of hyperglycemia (TG OR=1.219, p<0.001; 
RC OR=1.717, p<0.001; THR OR=1.207, p<0.001) and the 
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THR and RC can increase the risk of hyperglycemia through 
multiple pathways. When THR increases, high triglycerides 
prompt adipose tissue to release free fatty acids [29] interfere 
with insulin signals and trigger inflammation [30]. At the same 
time, it leads to an increase in liver gluconeogenesis [31], lipid 
accumulation [32], and also affects glucose uptake in skeletal 
muscle [33]. Low HDL-C levels weaken anti-inflammatory and 
vascular protective functions and aggravate insulin resistance 
[34]. RC accumulates in pancreatic β cells, triggering oxidative 
stress and inflammation and damaging insulin secretion [35]. In 
peripheral tissues, it promotes the release of insulin resistance-
related factors and interferes with metabolic signals [36]. In 
addition, it can cause endothelial dysfunction, reduce tissue 
blood supply, and ultimately lead to an increased risk of insulin 
resistance and hyperglycemia [37].

TC, TG, RC, and THR are all positively correlated with 
FBG, which is consistent with Wang's research [38]. Among 
them, TG has the strongest correlation, followed by THR and 
RC, Ketut Suastika's study also pointed out this point [39]. 
The level of TG can effectively affect the regulation of blood 
sugar, thereby altering insulin sensitivity [40]. Another study 
has pointed out that the increase in the ratio of THR can be used 
as one of the surrogate indicators of insulin resistance, which is 
positively correlated with the incidence of prediabetes [41]. RC 
regulates blood sugar through insulin resistance and mediating 
pro-inflammatory symptom states [36]. A national longitudinal 
retrospective study of adults in South Korea showed that RC 
was an independent predictor of type 2 diabetes [42].

differences were still statistically significant after adjustment 
(TG OR=1.190, p=0.001; RC OR=1.364, p=0.035; THR 
OR=1.193, p=0.001). It is worth noting that HDL-C, after 
adjusting for covariates, suggests a protective effect in reducing 
the risk of hyperglycemia (OR=0.412, p=0.008) (Table 6).
Discussion.

Cardiovascular and cerebrovascular diseases are an important 
cause of death in elderly patients in China. According 
to statistics, more than 300 million people suffer from 
cardiovascular and cerebrovascular diseases, and abnormal 
blood lipids are an important risk factor for diabetes and various 
cardiovascular and cerebrovascular diseases [22,23]. Abnormal 
blood lipids are a common factor affecting blood sugar control 
[24]. Research shows that people with prediabetes and newly 
diagnosed diabetes are more likely to have dyslipidemia than 
normal people [25].

In this study, the TC, TG, RC, LHR, and THR of the 
hyperglycemic group were significantly higher than those of 
the control group, and lipid indicators showed a significant 
correlation with the risk of elevated blood sugar. Abnormal blood 
lipids are a susceptible factor to hyperglycemia. In individuals 
with dyslipidemia, peripheral target organs are less sensitive to 
insulin due to dyslipidemia, leading to insulin resistance [26]. 
Insulin resistance can promote the induction of upregulation 
of ApoC3 and ANGPTL8, thereby inhibiting the activity of 
lipoprotein esterase and slowing down TG metabolism [27]. 
Insulin resistance is an important mechanism in prediabetes and 
pathophysiological process of diabetes [28]. 

Characteristic Crude OR (95%CI) p Adjusted OR (95%CI) p
BMI<18.5*

TC, mmol/L 1.223(1.090,1.373) 0.270 0.218(0.011,4.472) 0.323
TG, mmol/L 3.095(0.800,11.976) 0.102 0.022(0.000,118.485) 0.385
HDL-C, mmol/L 0.592(0.018,19.572) 0.769 1.130(0.011,117.816) 0.959
LDL-C, mmol/L 0.081(0.004,1.730) 0.108 0.015(0.000,6.137) 0.170
RC, mmol/L 4.775(0.112,204.266) 0.415 0.0.269(0.000,496.981) 0.732
LHR, mmol/L 0.018(0.000,2.600) 0.113 0.001(0.000,25.014) 0.172
THR, mmol/L 5.039(0.755, 33.608) 0.095 0.001(0.000,24873.192) 0.431
18.5≤BMI<24*

TC, mmol/L 1.330 (1.108,1.596) 0.002 1.151 (0.938,1.413) 0.179
TG, mmol/L 1.224 (1.053,1.422) 0.009 1.113 (0.947,1.308) 0.193
HDL-C, mmol/L 1.164 (0.666,2.036) 0.593 1.102 (0.567,2.140) 0.774
LDL-C, mmol/L 1.253 (0.975,1.612) 0.078 1.156 (0.885,1.509) 0.288
RC, mmol/L 1.860 (1.289,2.685) 0.001 1.214 (0.805,1.830) 0.356
LHR, mmol/L 1.173 (0.827,1.663) 0.371 1.108 (0.759,1.616) 0.596
THR, mmol/L 1.223(1.029, 1.454) 0.022 1.135 (0.941,1.370) 0.186
BMI≥24*

TC, mmol/L 1.157 (0.991,1.351) 0.065 1.076 (0.913,1.269) 0.381
TG, mmol/L 1.219 (1.102,1.347) <0.001 1.190 (1.072,1.322) 0.001
HDL-C, mmol/L 0.627 (0.362,1.088) 0.097 0.412 (0.214,0.794) 0.008
LDL-C, mmol/L 1.024 (0.828,1.266) 0.827 1.058 (0.849,1.319) 0.617
RC, mmol/L 1.717 (1.302,2.265) <0.001 1.364 (1.023,1.818) 0.035
LHR, mmol/L 1.132 (0.861,1.489) 0.373 1.321 (0.978,1.786) 0.070
THR, mmol/L 1.207(1.089, 1.338) <0.001 1.193 (1.071,1.329) 0.001
*Adjusted for age, smoking, drinking and hypertension.

Table 6. Multifactorial regression analysis of hyperglycemia and lipid parameters at different BMIs.
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After adjusting for age, BMI, smoking, and alcohol 
consumption, the correlation between TG, THR, RC and 
increased risk of hyperglycemia in hypertensive patients was 
stronger than in normotensive patients. To some extent, it may 
be related to the changes in blood lipid indicators after the onset 
of hypertension. Excessive levels of blood lipids promote the 
release of free radicals and increase oxidative stress damage to 
blood vessel walls [43]. One of the reasons for the increased 
risk of hypertension is the increased fragility and weakened 
elasticity of blood vessels [44]. The results of this study indicate 
that TG, THR, RC and TC, LDL-C are risk factors for elevated 
blood glucose levels in hypertensive and normotensive patients, 
respectively. This further confirms the conclusion that changes 
in blood pressure are important factors affecting blood glucose 
regulation [45]. It is worth noting that this study found that TC 
and LDL-C in the normal population were associated with an 
increased risk of hyperglycemia, while TG, THR and RC in 
patients with hypertension were associated with an increased 
risk of hyperglycemia, suggesting that in clinical work, medical 
staff can pay targeted attention to the lipid indexes of people 
with different blood pressure levels. Therefore, evaluating these 
potential biomarkers in routine clinical examinations may be 
helpful for timely intervention in hypertension.

When BMI ≥ 24, TG, THR, and RC are risk factors for 
elevated blood sugar, while HDL-C is a protective factor for 
elevated blood sugar. This is consistent with the conclusion 
that the decrease in HDL-C levels and the increase in TG 
rich lipoprotein levels are clinical manifestations of obesity 
and dyslipidemia [46]. The reason may be an increase in the 
secretion of TG rich lipoproteins, insulin resistance caused by 
obesity, and pro-inflammatory status leading to more free fatty 
acids being transported to the liver, promoting the secretion of 
TG rich LDL-C and HDL-C by the liver. As both are easily 
hydrolyzed by lipase, HDL-C is metabolized by the kidneys 
due to particle size reduction. Manifested as an increase in 
fasting TG levels and a decrease in HDL-C levels [47-49]. 
Insulin resistance promote the progression of obesity and 
is also the pathological core of obesity [50]. This shows that 
those hypertensive patients with body mass index≥24 need to 
pay more attention to the changes of lipid indicators, reduce 
hyperglycemia, and then develop the risk of diabetes. 

To the best of our knowledge, this study is the first to 
categorize the relationship between different lipid markers, 
especially residual cholesterol, and high blood glucose levels 
in the Chinese population according to different BMI levels 
and hypertension. However, there are some limitations to this 
study. Because BMI, blood pressure, and lipids were assessed 
only once in clinical testing, we were unable to assess the effect 
of changes in BMI, blood pressure, and lipids before and after 
testing on the risk of hyperglycemia. In addition, there was a 
significant age difference between the hyperglycemic group and 
the group with normal blood sugar, so a potential confounding 
bias due to age could be present even after adjusting for age. 
BMI bias is also possible because individuals with abnormal 
body markers detected may be able to control their weight during 
the test period. In addition, all participants in our study were 
from Anhui Province, so the results are not representative of the 

overall situation in the country. And there may be uncontrolled 
confounding effects caused by unmeasured confounding factors.
Conclusion.

In conclusion, lipid indicators are important indicators that 
need close attention when assessing the condition and treatment 
effect of hypertension, overweight and obesity, prediabetes and 
diabetes patients. TG, RC and THR are significantly related to the 
level of hyperglycemia in patients with hypertension, overweight 
and obesity. Maintaining these indicators within the normal 
range will not only help reduce the risk of cardiovascular disease 
in patients with hypertension, overweight and obesity, but also 
effectively prevent the occurrence and development of diabetes. 
The correlation between TC, LDL-C, and hyperglycemia varies 
depending on whether they have hypertension, indicating that 
in the daily physical examination of non hypertensive patients, 
it is important to pay special attention to whether these two 
indicators have abnormal values, and then take corresponding 
primary prevention measures. People with abnormal TG, THR, 
and RC indicators in overweight and obese patients are more 
likely to experience hyperglycemia, indicating that it is crucial 
to pay attention to and improve TG, THR, and RC indicators for 
overweight and obese patients.
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