(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 3 (360) Mapr 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 BMIL.
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
> 90mmbhg, 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/m?), normal weight (BMI: 18.5-23.9 kg/m?),
overweight and obesity (BMI>24.0 kg/m?) [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 (P,,, P,,), and the Mann Whitney U test was used
for intergroup comparison. Classification data was described
using composition ratio, and the y2 test was used to compare
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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



Table 1. Demographic and clinical characteristics of the subjects.

Characteristic Control(n=1218) Hyperglycemia(n=367) 2y P
Age, years 45.40(39.00,52.00) 53.30(44.00,59.00) 11.982 <0.001
BMI, kg/m? 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, pumol/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+40.60 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 2. Analysis of lipid parameters in hyperglycemia and control groups stratified by hypertensive status.

Normotensive Hypertensive
Characteristic Control Hyperglycemia 7z Control Hyperglycemia Wz
(n=488) (n=55) P (n=730) (n=312) 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 10.829
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 3. Analysis of lipid parameters in hyperglycemia and control groups stratified by BMI.

BMI<18.5 18.5<BMI<24 BMI>24
Characteristic Control Hyperglycemia Control Hyperglycemia Control Hyperglycemia

(n=27) (n=3) YZ P (h=630) (n=126) YZ P (a=s61) (n=238) vz 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
EEISVE 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) 1362 0.173
rLrll]r)nI:)-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 10.123 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 1.724+0.57 0.895 0.371 2.01+0.54 2.05+0.58 0.89 0374
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

160




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

Characteristic 1:11 subjects * . Tormotensive b X lI:Iypertensive b X

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

2Controlled for age, BMI, gender, smoking, drinking and hypertension.
®Controlled for age, BMI, gender, smoking, and drinking.

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

Characteristic Crude OR (95%CI) p Adjusted OR (95%CI) p

All subjects *

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 °

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 °

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

* Adjusted for age, BMI, gender, smoking, drinking and hypertension.
® Adjusted for age, BMI, smoking and drinking.

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
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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



Table 6. Multifactorial regression analysis of hyperglycemia and lipid parameters at different BMIs.

Characteristic Crude OR (95%CI) P
BMI<I18.5"

TC, mmol/L 1.223(1.090,1.373) 0.270
TG, mmol/L 3.095(0.800,11.976) 0.102
HDL-C, mmol/L 0.592(0.018,19.572) 0.769
LDL-C, mmol/L 0.081(0.004,1.730) 0.108
RC, mmol/L 4.775(0.112,204.266) 0.415
LHR, mmol/L 0.018(0.000,2.600) 0.113
THR, mmol/L 5.039(0.755, 33.608) 0.095
18.5<BMI<24"

TC, mmol/L 1.330 (1.108,1.596) 0.002
TG, mmol/L 1.224 (1.053,1.422) 0.009
HDL-C, mmol/L 1.164 (0.666,2.036) 0.593
LDL-C, mmol/L 1.253 (0.975,1.612) 0.078
RC, mmol/L 1.860 (1.289,2.685) 0.001
LHR, mmol/L 1.173 (0.827,1.663) 0.371
THR, mmol/L 1.223(1.029, 1.454) 0.022
BMI>24"

TC, mmol/L 1.157 (0.991,1.351) 0.065
TG, mmol/L 1.219 (1.102,1.347) <0.001
HDL-C, mmol/L 0.627 (0.362,1.088) 0.097
LDL-C, mmol/L 1.024 (0.828,1.266) 0.827
RC, mmol/L 1.717 (1.302,2.265) <0.001
LHR, mmol/L 1.132 (0.861,1.489) 0.373
THR, mmol/L 1.207(1.089, 1.338) <0.001

"Adjusted for age, smoking, drinking and hypertension.

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 ANGPTLS, 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].
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Adjusted OR 95%CI)  p

0.218(0.011,4.472) 0.323
0.022(0.000,118.485) 0.385
1.130(0.011,117.816) 0.959
0.015(0.000,6.137) 0.170
0.0.269(0.000,496.981) 0.732
0.001(0.000,25.014) 0.172

0.001(0.000,24873.192) 0.431

1.151 (0.938,1.413) 0.179
1.113 (0.947,1.308) 0.193
1.102 (0.567,2.140) 0.774
1.156 (0.885,1.509) 0.288
1.214 (0.805,1.830) 0.356
1.108 (0.759,1.616) 0.596
1.135(0.941,1.370) 0.186
1.076 (0.913,1.269) 0.381
1.190 (1.072,1.322) 0.001
0.412 (0.214,0.794) 0.008
1.058 (0.849,1.319) 0.617
1.364 (1.023,1.818) 0.035
1.321 (0.978,1.786) 0.070
1.193 (1.071,1.329) 0.001

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 B 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].



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
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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.

Funding.
Thiswork was supported by the Anhui Province Clinical Medical
Research Transformation Project [202304295107020003];

Wannan Medical College Young and Middle-aged Research
Foundation [No. WK2022F08].

Author contributions.

ZJ and JYL designed the study. SLX, WY, CX, and ZPP
contributed to literature searching, data collection and analysis.
ZJ and JYL assessed study quality. SLX and WY wrote the
manuscript. YHQ and XMC revised the manuscript. All authors
read and approved the final manuscript.

REFERENCES

1. Tinajero MG, Malik VS. An Update on the Epidemiology of
Type 2 Diabetes: A Global Perspective. Endocrin Metab Clin.
2021;50:337-355.

2. Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas:
Global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes Res Clin
Pract. 2022;183:109119.

3. C.D. Society. China Type 2 Diabetes Prevention and
Treatment Guidelines (2020 edition), Chinese Journal of
Practical Internal Medicine. 2021;41:668-695.

4. Rett K, Gottwald-Hostalek U. Understanding prediabetes:
definition, prevalence, burden and treatment options for an
emerging disease. Curr Med Res Opin. 2019;35:1529-1534.

5. Echouffo-Tcheugui JB, Perreault L, Ji LN, et al. Diagnosis
and Management of Prediabetes A Review. Jama-J] Am Med
Assoc. 2023;329:1206-1216.

6.LiYZ, Teng D, Shi XG, et al. Prevalence of diabetes recorded
in mainland China using 2018 diagnostic criteria from the
American Diabetes Association: national cross sectional study.
Bmj-Brit Med J. 2020;369.



7. Guo Z, Liu L, Yu F, et al. The causal association between
body mass index and type 2 diabetes mellitus-evidence based
on regression discontinuity design. Diabetes Metab Res Rev.
2021;37:e3455.

8. Bragg F, Tang K, Guo Y, et al. Associations of General and
Central Adiposity With Incident Diabetes in Chinese Men and
Women. Diabetes Care. 2018;41:494-502.

9. Ng M, Fleming T, Robinson M, et al. Global, regional, and
national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet. 2014;384:766-81.

10. Gunjiganvi M, Mathur P, Kumari M, et al. Yoga-An
Alternative Form of Therapy in Patients with Blunt Chest
Trauma: A Randomized Controlled Trial. World J Surg.
2021;45:2015-2026.

11. Ji XW, Feng GS, Li HL, et al. Gender differences of
relationship between serum lipid indices and type 2 diabetes
mellitus: a cross-sectional survey in Chinese elderly adults. Ann
Transl Med. 2021;9:115.

12. Kong YY, Li GQ, Zhang W]J, et al. Nicotinamide
phosphoribosyltransferase  aggravates inflammation and
promotes atherosclerosis in ApoE knockout mice. Acta
Pharmacol Sin. 2019;40:1184-1192.

13. Expert Panel on Detection E. Treatment of High Blood
Cholesterol in A. Executive Summary of The Third Report of
The National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, And Treatment of High Blood
Cholesterol In Adults (Adult Treatment Panel III). JAMA.
2001;285:2486-2497.

14. Ibrahim NE, Song Y, Cannon CP, et al. Heart failure with
mid-range ejection fraction: characterization of patients from
the PINNACLE Registry(R). ESC Heart Fail. 2019;6:784-792.
15. Contaldi E, Magistrelli L, Milner AV, et al. Potential
protective role of ACE-inhibitors and AT1 receptor blockers
against levodopa-induced dyskinesias: a retrospective case-
control study. Neural Regen Res. 2021;16:2475-2478.

16. Tang N, Ma J, Tao R, et al. The effects of the interaction
between BMI and dyslipidemia on hypertension in adults. Sci
Rep. 2022;12:927.

17. Zhang T, Wang Q, Cui X.M, et al. The temporal relationship
between blood lipids, body mass index and red meat intake
and its effect on hypertension. Journal of Clinical Cardiology.
2023;39:521-527.

18. American Diabetes A. 2. Classification and Diagnosis of
Diabetes: Standards of Medical Care in Diabetes-2020. Diabetes
Care. 2020;43:S14-S31.

19. Writing Group of Chinese Guidelines for the Management
of Hypertension CHL, Chinese Society of Cardiology, Chinese
Medical Doctor Association Hypertension Committee,
Hypertension Branch of China International Exchange, Medical
PAf, Health Care HBoCGMA. Guidelines for Prevention and
Treatment of Hypertension in China (2018 Revision). Chinese
Journal of Cardiovascular Science. 2019;24:24-56.

20. Chen C, Lu FC, Department of Disease Control Ministry
of Health PRC. The guidelines for prevention and control of
overweight and obesity in Chinese adults. Biomedical and
environmental sciences: BES. 2004;17:1-36.

164

21. Quispe R, Martin SS, Michos ED, et al. Remnant cholesterol
predicts cardiovascular disease beyond LDL and ApoB: a
primary prevention study. Eur Heart J. 2021;42:4324.

22. Brunner FJ, Waldeyer C, Ojeda F, et al. Application of
non-HDL cholesterol for population-based cardiovascular risk
stratification: results from the Multinational Cardiovascular
Risk Consortium. Lancet. 2019;394:2173-2183.

23. Hermans MP, Valensi P. Elevated triglycerides and low
high-density lipoprotein cholesterol level as marker of very
high risk in type 2 diabetes. Curr Opin Endocrinol Diabetes
Obes. 2018;25:118-129.

24. Hermans MP, Valensi P. Elevated triglycerides and low
high-density lipoprotein cholesterol level as marker of very
high risk in type 2 diabetes. Curr Opin Endocrinol Diabetes
Obes. 2018;25:118-129.

25. Zhang Z, Zhou X_H, Ji L.N. Research progress of dyslipidemia
in Chinese population and people with abnormal glucose
metabolism. Chinese journal of diabetes. 2016;24:754-756.

26. Kaze AD, Santhanam P, Musani SK, et al. Metabolic
Dyslipidemia and Cardiovascular Outcomes in Type 2 Diabetes
Mellitus: Findings From the Look AHEAD Study. ] Am Heart
Assoc. 2021;10:e016947.

27. Boren J, Packard CJ, Taskinen MR. The Roles of ApoC-
IIT on the Metabolism of Triglyceride-Rich Lipoproteins in
Humans. Front Endocrinol (Lausanne). 2020;11:474.

28. Zhang Y, Chen Y, Qu H, et al. Methylation of HIF3A
promoter CpG islands contributes to insulin resistance in
gestational diabetes mellitus. Mol Genet Genomic Med.
2019;7:e00583.

29. Lee EY, Yang HK, Lee J, et al. Triglyceride glucose index,
a marker of insulin resistance, is associated with coronary artery
stenosis in asymptomatic subjects with type 2 diabetes. Lipids
in health and disease. 2016;15:155.

30. Lu Z, Li Y, Song J. Characterization and Treatment of
Inflammation and Insulin Resistance in Obese Adipose Tissue.
Diabetes, metabolic syndrome and obesity: targets and therapy.
2020;13:3449-3460.

31. Preechasuk L, Suwansaksri N, Ipichart N, et al
Hyperglycemia and glycemic variability are associated with
the severity of sepsis in nondiabetic subjects. Journal of critical
care. 2017;38:319-323.

32. Wasta Esmail VA, Al-Nimer MSM, Mohammed MO.
Effects of Orlistat or Telmisartan on the Serum Free Fatty
Acids in Non-alcoholic Fatty Liver Disease Patients: An Open-
Labeled Randomized Controlled Study. The Turkish journal
of gastroenterology: the official journal of Turkish Society of
Gastroenterology. 2022;33:421-426.

33. Hirabara SM, Silveira LR, Abdulkader F, et al. Time-
dependent effects of fatty acids on skeletal muscle metabolism.
Journal of cellular physiology. 2007;210:7-15.

34. Rotllan N, Julve J, Escola-Gil JC. Type 2 Diabetes and HDL
Dysfunction: A Key Contributor to Glycemic Control. Current
medicinal chemistry. 2024;31:280-285.

35. Sokooti S, Flores-Guerrero JL, Heerspink HIJL, et al.
Triglyceride-rich lipoprotein and LDL particle subfractions and
their association with incident type 2 diabetes: the PREVEND
study. Cardiovascular diabetology. 2021;20:156.



36. Hu X, Liu Q, Guo X, et al. The role of remnant cholesterol
beyond low-density lipoprotein cholesterol in diabetes mellitus.
Cardiovascular diabetology. 2022;21:117.

37. Varbo A, Benn M, Smith GD, et al. Remnant cholesterol,
low-density lipoprotein cholesterol, and blood pressure as
mediators from obesity to ischemic heart disease. Circulation
research. 2015;116:665-73.

38. Wang Y, Liu Y, Yang R, et al. Remnant cholesterol for the
detection of glucose metabolic states in patients with coronary
heart disease angina pectoris. Acta Diabetol. 2022;59:1339-
1347.

39. Suastika K, Semadi IMS, Dwipayana IMP, et al
Dyslipidemia in diabetes: a population-based study in Bali. Int J
Gen Med. 2019;12:313-321.

40. Zafrir B, Jain M. Lipid-lowering therapies, glucose control
and incident diabetes: evidence, mechanisms and clinical
implications. Cardiovasc Drugs Ther. 2014;28:361-377.

41. Watson KT, Simard JF, Henderson VW, et al. Incident
Major Depressive Disorder Predicted by Three Measures of
Insulin Resistance: A Dutch Cohort Study. Am J Psychiatry.
2021;178:914-920.

42. Huh JH, Roh E, Lee SJ, et al. Remnant Cholesterol Is an
Independent Predictor of Type 2 Diabetes: A Nationwide
Population-Based Cohort Study. Diabetes Care. 2023;46:305-
312.

165

43. Prasanna GS, Ashok P. Antihyperhomocysteinemic
and antihyperlipidemic effect of Trichilia connaroides in
methionine-induced hyperhomocysteinemic animals. Indian J
Pharmacol. 2011;43:203-206.

44. Cherfan M, Vallee A, Kab S, et al. Unhealthy behavior and
risk of hypertension: the CONSTANCES population-based
cohort. J Hypertens. 2019;37:2180-2189.

45. Tatsumi Y, Morimoto A, Asayama K, et al. Risk of
developing type 2 diabetes according to blood pressure levels
and presence or absence of hypertensive treatment: the Saku
study. Hypertens Res. 2019;42:105-113.

46. Stadler JT, Marsche G. Obesity-Related Changes in High-
Density Lipoprotein Metabolism and Function. Int J Mol Sci.
2020;21.

47. Bays HE, Toth PP, Kris-Etherton PM, et al. Obesity,
adiposity, and dyslipidemia: a consensus statement from the
National Lipid Association. J Clin Lipidol. 2013;7:304-83.

48. Khovidhunkit W, Kim MS, Memon RA, et al. Effects of
infection and inflammation on lipid and lipoprotein metabolism:
mechanisms and consequences to the host. J Lipid Res.
2004;45:1169-1196.

49. Bjornson E, Adiels M, Taskinen MR, et al. Kinetics of
plasma triglycerides in abdominal obesity. Curr Opin Lipidol.
2017;28:11-18.

50. Ning HH, Le J, Wang Q, et al. The effects of metformin on
simple obesity: a meta-analysis. Endocrine. 2018;62:528-534.



	Title

