v iThenticate:

files
Apr 24,2024
5804 words / 34430 characters

XVFEH_1_3_Plagiarism_Check

Sources Overview

24%

OVERALL SIMILARITY

Preprint source

www.researchsquare.com 2%
INTERNET
www.frontiersin.org 1 o
INTERNET °
www.mdpi.com
<1%
INTERNET
www.ncbi.nlm.nih.gov o,
. <1%
INTERNET
lipidworld.biomedcentral.com o,
_ <1%
INTERNET

bmcendocrdisord.biomedcentral.com

o,
<
INTERNET 1%
www.science.gov
Science.g <1%
INTERNET
assets.researchsquare.com
- . <1%
INTERNET
www.aging-us.com
ging <1%
INTERNET
Yujia Ma, Zechen Zhou, Xiaoyi Li, Kexin Ding, Han Xiao, Yiqun Wu, Tao Wu, Dafang Chen. "Linear and nonlinear analyses of the association between low—density lipoprotein cholesterol and diabetes: The spur... <1 0/
CROSSREF °
worldwidescience.or:
¢ <1%
INTERNET
hdl.handle.net o,
INTERNET <1%
Jin, Yulian, Zheyuan Ding, Ying Fei, Wen Jin, Hui Liu, Zexin Chen, Shuangshuang Zheng, Lijuan Wang, Zhaopin Wang, Shanchun Zhang, and Yunxian Yu. "Social relationships play a role in sleep status in Chin... <1%
CROSSREF °
YiHuang, Xue Xiao, Fatemeh Sadeghi, Maria Feychting, Niklas Hammar, Fang Fang, Zhe Zhang, Qianwei Liu. "Blood metabolic biomarkers and the risk of head and neck cancer: An epidemiological study in t... <1 o,
CROSSREF °
Everett, Brendan M., Samia Mora, Robert J. Glynn, Jean MacFadyen, and Paul M. Ridker. "Safety Profile of Subjects Treated to Very Low Low-Density Lipoprotein Cholesterol Levels (<30mg/dl) With Rosuvas... <1 o
(]

CROSSREF

Preprint source
Luying Chen, Lulu Dai, Jiawei Xu, Lian Duan, Xiaoxia Hou, Lanfeng Zhang, Lu Zhang, Libo Song, Fangfang Zhao, Yuerong Jiang. "Chinese herbal prescription Qing-Xin-Jie-Yu granule combined with conventi.. <7 °/o
CROSSREF POSTED CONTENT

Sylvain Durrleman, Richard Simon. "Flexible regression models with cubic splines”, Statistics in Medicine, 2006

o,
CROSSREF <1%
Jiaojiao Huang, Hong Lin, Shuangyuan Wang, Mian Li et al. " Association between serum concentrations and risk of diabetes: A prospective cohort study *, Journal of Diabetes, 2023 <1%
CROSSREF °

www.medultrason.ro
<1%

INTERNET

Fan Luo, Yuxin Lin, Xiaodong Zhang, Yangin Li et al. "Post-treatment level of LDL-C and all-cause mortality in patients with atherosclerotic cardiovascular disease: evidence from real-world setting", Europea... <1 9
(]

CROSSREF

Preprint source
Jianpeng Yu, Yingyi Qin, Boxiang Tu, Lulu Liu, Ying Xu, Yuxuan Shi, Wei Chen, Zhiyong Guo. 'Association between dyslipidaemia and the risk of kidney stones in US adults’, Research Square Platform LLC, 2023 <7 °/°
CROSSREF POSTED CONTENT

Tomonori Okamura, Kazuhisa Tsukamoto, Hidenori Arai, Yoshio Fujioka et al. "Japan Atherosclerosis Society (JAS) Guidelines for Prevention of Atherosclerotic Cardiovascular Diseases 2022", Journal of At...

<19
CROSSREF 1%
Xiao Ren, Minglan Jiang, Longyang Han, Xiaowei Zheng. "Estimated glucose disposal rate and risk of cardiovascular disease: evidence from the China Health and Retirement Longitudinal Study", BMC Geria... <1%
CROSSREF °
d.docksci.com
<1%
INTERNET
link.springer.com
pring <1%
INTERNET
antpublisher.com
P <1%

INTERNET



© © 000 0O OO OCOO6O66 6 0000606060006 6 6606006 60

dergipark.org.tr
INTERNET

Houri Esmaeilkhanian, Henry Liu, Sohaib Fasih-Ahmed, Ramya Gnanaraj et al. "The relationship of diabetic retinopathy severity scales with frequency and surface area of diabetic retinopathy lesions", Graef...
CROSSREF

Jinyun Jing, Juan Li, NiYan, Nan Li et al. "Increased TG Levels and HOMA-IR Score Are Associated With a High Risk of Prediabetes: A Prospective Study", Asia Pacific Journal of Public Health, 2023
CROSSREF

Kaiyong Xiao, Huili Cao, Bin Yang, Zhe Xv et al. "Association between the triglyceride glucose index and chronic total coronary occlusion: a cross-sectional study from southwest China", Nutrition, Metabolis...
CROSSREF

Mark T. Mc Auley, Kathleen M. Mooney. “LDL-C levels in older people: Cholesterol homeostasis and the free radical theory of ageing converge”, Medical Hypotheses, 2017

CROSSREF

Seth S. Martin, Aaron W. Aday, Zaid I. Almarzoog, Cheryl A.M. Anderson et al. 2024 Heart Disease and Stroke Statistics: A Report of US and Global Data From the American Heart Association”, Circulation, 20...
CROSSREF

Victoria Korneva, Tatiana Kuznetsova, Ulrich Julius. "The State of the Problem of Achieving Extremely Low LDL Levels", Current Pharmaceutical Design, 2021
CROSSREF

Preprint source
Yeong Ho Kim, Hyun Jee Kim, Jin Woo Park, Kyung Do Han, Yong Gyu Park, Young Bok Lee, Ji Hyun Lee. "Risk for Behget's Disease Gauged via High-Density Lipoprotein Cholesterol: A Nationwide Population...
CROSSREF POSTED CONTENT

Changchun Cao, Haofei Hu, Xiaodan Zheng, Xiaohua Zhang, Yulong Wang, Yongcheng He. "Non-linear relationship between high-density lipoprotein cholesterol and incident diabetes mellitus: a secondary re...
CROSSREF

Dongsheng Hu, Jing Xie, Pengyu Fu, Jing Zhou, Dahai Yu, Paul K. Whelton, Jiang He, Dongfeng Gu. "Central Rather Than Overall Obesity Is Related to Diabetes in the Chinese Population: The InterASIA Study...
CROSSREF

Yuetao Zhang, Yue Wang. "Associations between the HDL-C/ApoA-I ratio and fasting glucose levels differ by glucose deciles, HDL-C/ApoA-I ratio ranges and sex', Diabetes Research and Clinical Practice, 20...
CROSSREF

bmcoralhealth.biomedcentral.com
INTERNET

Bladon, Sian. "Primary and Secondary Care Patient Health Record Data Linked to Examine Risk Factors, Mortality and Antibiotic Use in Sepsis"’, The University of Manchester (United Kingdom), 2024
PUBLICATION

Hannah Chatwin, Katrine Holde, Zeynep Yilmaz, Janne Tidselbak Larsen et al. "Risk factors for anorexia nervosa: A population-based investigation of sex differences in polygenic risk and early life exposures...
CROSSREF

Markku Laakso, Johanna Kuusisto. "Diabetes Secondary to Treatment with Statins”, Current Diabetes Reports, 2017
CROSSREF

Xiao Zou, Jian-hua Li, Yi-xin Hu, Hai-jun Wang, Sha-sha Sun, Wei-hao Xu, Xin-li Deng, Ting Sun, Jian Cao, Li Fan, Quan-jin Si. "Serum Lipid Profiles and All-Cause Mortality: A Retrospective Single Center Study ...
CROSSREF

www.medsci.org
INTERNET

Chen, Chih-Wei, Ting-Chang Chen, Kuang-Yung Huang, Pesus Chou, Pin-Fan Chen, and Ching-Chih Lee. "Differential Impact of Statin on New-Onset Diabetes in Different Age Groups: A Population-Based Cas...
CROSSREF

Xueyan Zhao, Xiaofang Tang, Jingjing Xu, Ru Liu et al. "Novel polymorphism of HMGCR gene related to the risk of diabetes in premature triple-vessel disease patients”, The Journal of Gene Medicine, 2022
CROSSREF

d-nb.info
INTERNET

digital.library.adelaide.edu.au
INTERNET

ris.utwente.nl
INTERNET

C. J. Lavie. "To B or Not to B: Is Non-High-Density Lipoprotein Cholesterol an Adequate Surrogate for Apolipoprotein B?", Mayo Clinic Proceedings, 05/01/2010
CROSSREF

Cho, Gawon. "Work Schedules, Cognitive Health, and Changes in Sleep”, New York University College of Global Public Health, 2023
PUBLICATION

boris.unibe.ch
INTERNET

www.nice.org.uk
INTERNET

www.researchgate.net
INTERNET

www.slideshare.net
INTERNET

"Task 23 - background report on subsurface environmental issues relating to natural gas sweetening and dehydration operations. Topical report, February 1, 1994--February 28, 1996", 'Office of Scientific an...
INTERNET

Bin Wang, Ying Sun, Kun Zhang, Yuying Wang, Xiao Tan, Ningjian Wang, Yingli Lu. "Long-term exposure to ambient air pollution and risk of microvascular complications among patients with type 2 diabetes: ...
CROSSREF

Carrenard, Danielle. "The National Diabetes Prevention Lifestyle Change Program: Impact on Body Mass Index’, Grand Canyon University, 2024
PUBLICATION

Gu, Xinchun. "Evaluation of the Utilisation and Safety of Gabapentinoids Prescribed in Primary Care in the United Kingdom', The University of Manchester (United Kingdom), 2024
PUBLICATION

Preprint source
Guowen Zhao, Sijia Shang, Na Tian, Xiaojiang Zhan et al. "Association between different insulin resistance surrogates and all-cause mortality in peritoneal dialysis patients’, Research Square Platform LLC, 2...
CROSSREF POSTED CONTENT

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%



© 6066 066 6 666066 6 6600060606666 6 6 6 0 6

88

© 6 06

Sud, Maneesh. "Updating and Developing Risk Prediction Models for Incident Cardiovascular Disease in Ontario, Canada’, University of Toronto (Canada), 2023
PUBLICATION

Xiaofeng Wang, Greg Miller, Ganggiang Ding, Xiaoming Lou et al. "Health risk assessment of lead for children in tinfoil manufacturing and e-waste recycling areas of Zhejiang Province, China", Science of The ...
CROSSREF

Yong-Lu Wa. "Curative effect of early enteral compound glutamine in treatment of severe pancreatitis’, World Chinese Journal of Digestology, 2015
CROSSREF

Ziyang Ren, Weidi Sun, Shuhui Wang, Jiayao Ying, Wen Liu, Lijun Fan, Yang Zhao, Chenkai Wu, Peige Song. "Status and transition of normal-weight central obesity and the risk of cardiovascular diseases: A p...
CROSSREF

bmcgastroenterol.biomedcentral.com
INTERNET

bmcmedgenomics.biomedcentral.com
INTERNET

bsdwebstorage.blob.core.windows.net
INTERNET

cardiab.biomedcentral.com
INTERNET

nutritionandmetabolism.biomedcentral.com
INTERNET

topsecretapiaccess.dovepress.com
INTERNET

www.msjonline.org
INTERNET

"Lipoproteins in Diabetes Mellitus", Springer Science and Business Media LLC, 2023
CROSSREF

Erik Ingelsson, Joshua W Knowles. “Leveraging Human Genetics to Understand the Relation of LDL Cholesterol with Type 2 Diabetes", Clinical Chemistry, 2017

Cl

SSREF

Linfeng He, Wenbin Zheng, Zeyu Li, Wen Kong, Tianshu Zeng. "Association of four lipid-derived indicators with the risk of developing type 2 diabetes: a Chinese population-based cohort study", Lipids in Healt...
CROSSREF

Seung-Hwan Lee, Hun-Sung Kim, Yong-Moon Park, Hyuk-Sang Kwon, Kun-Ho Yoon, Kyungdo Han, Mee Kyoung Kim. "HDL-Cholesterol, Its Variability, and the Risk of Diabetes: A Nationwide Population-Base...
CROSSREF

Shanhu Qiu, Xue Cai, Peilin Zheng, Yang Yuan, Ying Xu, Lijing Jia, Zilin Sun, Tongzhi Wu. "Changes in objectively-measured physical capability over 4-year, risk of diabetes, and glycemic control in older adults: ...
CROSSREF

Preprint source
Shuang Wu, Yan-min Yang, Jun Zhu, Lu-lu Wang, Wei Xu, Si-qi Lyu, Juan Wang, Xing-hui Shao, Han Zhang. "Association between urinary albumin-to-creatinine ratio within the normal range and insulin resist...
CROSSREF POSTED CONTENT

Shujun Fan, Wenru Feng, Ziyan Zhou, Yuming Guo et al. "Association between residential greenness and overweight/obesity among rural adults in northwestern China', Environmental Research, 2022
CROSSREF

Zarei, Maryam. "Food Insecurity and Vitamin D Deficiency Factors, and the Effects of Vitamin D Supplementation on Metabolic Syndrome Among Food Insecure and Vitamin D Deficient Iranian Elderly.”, Univ...
PUBLICATION

"The Diabetes Textbook", Springer Science and Business Media LLC, 2019
CROSSREF

Dan Zhao, Ning Yuan, Jianbin Sun, Xin Zhao, Xiaomei Zhang. "Establishment of pregnancy-specific lipid reference intervals in pregnant women in a single-centre and assessment of the predictive value of ear...
CROSSREF

Preprint source
Jian Liu, Geping Yu, Xialian Yu, Yunzi Liu, Weiming Wang. "Association Between Blood Lipid Profile and the Incident CKD in the General Chinese Population: A Retrospective Study", Research Square, 2020
CROSSREF

Khosla, P.. "Effects of dietary fatty acid composition on plasma cholesterol”, Progress in Lipid Research, 199606
CROSSREF

Lin Liu, Geng Shen, Jia-yi Huang, Yu-ling Yu, Chao-lei Chen, Yu-qing Huang, Ying-qing Feng. "U-shaped association between low-density lipid cholesterol and diabetes mellitus in patients with hypertension”, Li...
CROSSREF

Luca A. Lotta, Stephen J. Sharp, Stephen Burgess, John R. B. Perry et al. "Association Between Low-Density Lipoprotein Cholesterol-Lowering Genetic Variants and Risk of Type 2 Diabetes’, JAMA, 2016
CROSSREF

P. R. W. De Sauvage Nolting. "Prevalence and significance of cardiovascular risk factors in a large cohort of patients with familial hypercholesterolaemia’, Journal of Internal Medicine, 2/2003
CROSSREF

Terry McCormack, Ricardo Dent, Mark Blagden. "Very low LDL-C levels may safely provide additional clinical cardiovascular benefit: the evidence to date”, International Journal of Clinical Practice, 2016
CROSSREF

Tong Li, Changchun Cao, Xuan Xuan, Wenjing Liu, Xiaohua Xiao, Cuimei Wei. "The association between creatinine to body weight ratio and the risk of progression to diabetes from pre-diabetes: a 5-year coh...

CROSSREF

Tzu-Yuan Wang, Wei-Lun Chang, Cheng-Yu Wei, Chung-Hsiang Liu, Ray-Chang Tzeng, Pai-Yi Chiu. "Cholesterol Paradox in Older People with Type 2 Diabetes Mellitus Regardless of Lipid-Lowering Drug Use: ...
CROSSREF

Xiao-Wei Ji, Guo-Shan Feng, Hong-Lan Li, Jie Fang, Jing Wang, Qiu-Ming Shen, Li-Hua Han, Da-Ke Liu, Yong-Bing Xiang. "Gender differences of relationship between serum lipid indices and type 2 diabetes m...
CROSSREF

tandfonline.com
INTERNET

www.intechopen.com
INTERNET

Excluded search repositories:

None

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%



Excluded from document:
e Bibliography
¢ Quotes

Excluded sources:
¢ None

Excluded preprints
e None



[{ole < BEE NI o B &3 N <N

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33

35
36
37
38
39
40
2

Association between blood lipids and diabetes mellitus in
older Chinese%dults aged 65 years or older: A cross-sectional

analysis of Residents’ Electronic Health Records
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Abstract

Aim:"This study aimed to investigate how blood lipids are associated with diabetes
among older Chinese adults.

Methods: 3,268,928 older Chinese adults without known diabetes Were included.
Logistic regression restricted cubic spline (RCS) models were conducted to study
associations between blood lipids (total cholesterol [TC], triglycerides [TG], low-
density lipoprotein cholesterol [LDL-C], and high-density lipoprotein cholesterol
[HDL-C]) and diabetes.

Results: 202,832 diabetes cases were included. Compared with the lowest quintiles,q?c,
TG, and LDL-C in the highest quintiles showed a higher diabetes prevalence risk and
HDL-C presented a lower risk in multivariate-adjusted Togistic regression modelg. Odds
ratios (ORs) and 95% confidence intervals (95% CIs) for the highest quintiles™of TC,
TG, and HDL-C were 1.39 (1.37-1.41), 2.56 (2.52-2.60), and 0.73 (0.72-0.74),
respectively. For LDL-C, 3-5% lower risk was found'in the second and third quintiles,
and 4-23% higher risk was found“In the fourth and fifth quintiles. RCS curves showed
a non-linear relationship between each blood lipid parameters and diabetes (P-non-
linear <0.001). TG and HDL-C curves presented monotonically increasing and L-
shaped patterns, respectively, whereas TC and LDL-C curves exhibited a J-shaped
pattern. When 1 C < 4.04 mmol/L or LDL-C < 2.33 mmol/L, ORs of diabetes increased
with the decrease of corresponding indexes. However, after excluding participants with
lower LDL-C, the J-shaped association with TC disappeared.

Conciusr'ons.'%is study demonstrates non-linear associations between lipids and
diabetes. Low cholesterol levels are associated with a high risk of diabetes. The
cholesterol paradox should be considered during lipid-lowering treatments.

Keywords: diabetes, blood lipids, restricted cubic splines, cross-sectional analysis
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QI]troducﬁon
Diabetes mellitus is one kind of metabolic disease characterized by hyperglycemia. It
isa leading cause of dgath and shortened life expectancy and seriously affects the health
of people worldwide.™In 2017, the global prevalence of diabetes stood at 476.0 million,
resulting in 1.37 million deaths and ap estimated disability-adjusted life-years related
to the disease was 67.9 million [1].71t is estimated that the number of people with
diabetes will rise to approximately 642 million by 2040 [2].

Blood lipids is a collective term for cholesterol, triglycerides (TG), and lipids @uch
as phospholipids) in the serum, and the common test items for blood lipids includeTotal
cholesterol (TC), TG, low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C). Sever% studies have described the role of
dyslipidemia, an established risk factor for diabetes, in the prevalence and control of
diabetes [3,4]. Additionally, numerous Studies have demonstrated that lowering non-
HDL-C levels, such as TG and LDL-C, could be used as a primary or secondary
prevention strategy for cardiovascular disease. [5-7]. The “lower is better” strategy has
gained popularity for blood lipid management. Cholesterol is an essential nutrient for
maintaining normal human physiological functions, such as cell membrane structure
[8], cell signaling [9], and hormone production [10]. Complex mechanisms maintain
blood lipid levels within a physiological range, and the dysregulation of these
mechanisms can lead to elevated or decreased tissue cholesterol levels, resulting in
embryonic or adult diseases [11]. In addition, a number of real-world studies [12] and
randomizgd controlled trials [13] have demonstrated a paradoxical link between
diabetes Tand blood lipid levels. meta-analysis of 13 trials related to statin
demonstrated the promoting effect of Statin treatment on the risk of diabetes and found
that the incidence risk of diabetes expanded by 9% in the treatment group [14]. In
another cross-sectional study, a correlation between significantly lower TC and LDL
levels and™a higher prevalence of diabetes was observed in older people, regardless of
the use of lipid-lowering medications [15].

Although the cholesterol paradox has attracted increasing attention, the association
between blood lipid levels and diabetes in older Chinese adults remains unclear, even
though older adults are prone to dyslipidemia and diabetes [16,17]. Moreover, previous
studies only focused on one or two blood lipid indicators [18] or divided blood lipid
status into two groups (normal or dyslipidemia) [3]. No systematic and detajled
analyses have been conducted on traditional blood lipid parameters, particularly the
dose-response relationships between blood lipids and diabetes and the contribution of
different Lipi%iomponcms to the cholesterol paradox.

Therefore, this study aimed to determine how traditional blood lipid parameters are
associated with diabetes among older Chinese adults and™fo provide a more complete
picture of blood lipids in association with diabetes.

Methods

Study population

China’s Basic Public Health Services Project is a public welfare project for primary
healthcare aimed at all Chinese people, among which physical examination of the
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elderly is an important service. At the same time as providing free health services to the
Chinese people through China’s Basic Public Health Services Project, a huge database
called Residents’ Electronic Health Records has been established [19].

In total, 5,697,488 residents aged 65 years or older-attending an annual physical
examination in Zhejiang Province, China, in 2022 were initially included in this study.
Participants who missed one or more research variables and/or had outliers (exceeding
three times the standard deviation, clearly not meeting clinical gtandards) were
excluded (n = 1,331,487). In addition, participants who had alreadyéeen diagnosed
with diabetes were excluded from the study (n = 1,097,073) to avoid the influence of
drug use and behavioral interaction on levels of fasting blood glucose, blood lipids, and
other wvariables. Ultimately, 3,268,928 participants with complete and logical
parameters and without known diabetes were included.

Data collection

Demographic, clinical, and behavi al%ata were extracted from the Residents’
Electronic Health Records, 2022. Theﬁemographic data included age, sex, educafional
attainment, and marital status. The clinical data included body height, weight,%vaist
circumference (WC), fasting blood glucose (FBG), systolic blood pressure (SBP),
diastolic blood pressure (DBP), alanine aminotransferase %LT), aspartate
aminotransferase (AST), total bilirubin (TBil), serum creatinine (Scr), blood urea
nitrogen (BUN), TC, TG, LDL-C, and HDL-C. Behavioral data included smoking
status, alcohol consumption status, and physical exercise.

Variables definition
Referring to the Chinese guidelines%’or type 2 diabetes, FBG = 7.0 mmol/L was

dgfined as diabetes in this study [20].
ody mass index (BMI) was calculated as body weight (kg) divided by body height

(m) squared. BMI < 18.5 kg/m>, 2%4 kg/m’, and = 28 keg/m’ was defined as low

BMI, overweight and obesity, respectively [21]%(3 > 85 cm for men and > 80 cm for
women were defined as central obesity [21].

Behavioral variables were defined based on actual information provided by residents
in the Residents” Electronic Health Records, 2022. The Smoking status was divided into
three categories: never (participants who reported not smoking), regular smokers
(participants who smoke at least one cigarette per day), and former smokers
(participants who stopped smoking). Alcohol consumption was divided into three
categories: never (participants who reported not drinking), drinkers (participants who
reported drinking occasionally or regularly), and former drinkers (participants who
stopped drinking). Physical exercise was defined as conscious engagement in at least
30 min of physical activity outside of work for > 3 days a week and was divided into
two categories in this study: no and yes.

Statistical analysis



128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

153

154

155
156
157
158
159
160
161

To analyz%w association between blood lipids and diabetes, logistic regression models
were used."1TC, TG, LDL-C, and HDL-C levels were categorized into five groups based
on their respective distributions. In‘the multivariate models, potential confounders were
adjusted for age, sex, educational attainment, marital status, BMI, central obesity, SBP,
DBP, ALT, AST, TBil, SCR, BUN, smoking status, physical exercise, and alcohol
consumption. In addition, the™I'C, TG, LDL-C, and HDL-C were highly correlated.
Therefore, to avoid multicollinearity in the statistical analysis, 1C, TG, LDL-C and

L-C were entered into the statistical models solely.

estricted cubic splines (RCS) were used to flexibly model the associationgf TC,
TG, LDL-C, and HDL-C with diabetes. In spline models, Tour knots located at the 5th,
35th, 65th, and 95th percentiles were set up, and the comparison between%e log-
likelihood of a model with spline variables and the log-likelihood of a model with only
a linear effect of the covariate was performed to test potential nonlinearity [22]. As the
associations of TC, LDL-C, and HDL-C were approximately log-linear below and
above their inflection points, the odds ratios (ORs) per [ unit increase in TC, LDL-C,
and HDL-C were calculated through logistic regression models. Given the similar shape
between the TC-diabetes and LDL-C-diabetes relationships in the pre-phase analysis
and the biological inclusion of LDL-C in TC, we examined how the shape of the TC-
diabetes association changes after excluding data with low LDL-C (defined as those
below the 2.5th, 5th, and 10th percentiles of total data).

ubgroup analysis was performed to study the associations between blood lipids and
diabetes in various subgroups strati eu@y sex (male and female) and age (65-, 70-, 75-
and 80-). In the subgroup analysis, multivariate logistic regression models were used,
and confounding factors were fully adjusted, except for grouping factors. For sensitivity
analysis, participants with glycosylated hemoglobin (HbAlc) data were extracted, and

HbAlc = 6.5% was defined as diabetes [23]. In total, 1,054,679 participants,

including 67,949 patients with diabetes (HbAlc = 6.5%), were included in the RCS

models, with fully adjusted confounding faCIOISQO assess the relationship between
blgod lipids and diabetes.

1l analyses were performed using R 4.3.0 for Windows 64-bit (Lucent Technologies,
State of New Jersey, USA), and the significance level (alpha) was set at 0.05. RCS
analysis for graphical displays was performed using the ‘rcssci’ package (Zhigiang Nie
(2023), @ package version 0.4.0, https://cran.r-
project.org/web/packages/ressei/index. html).




Results

Study participants

In total, 3,268,928 older adults (> 65)%were included in the gnalysis. The characteristics
of participants were presented in Table 1, according to ¥BG levels (Normal [< 7

mmol/L] and Diabetes [= 7 mmo]fL])@he average age of the participants was 72.60

years, with a standard deviation (SD) of 6.10 years. Additionally, 46.44% of the
participants were male. The mean concentrations of TC, TG, LDL-C, and HDL-C in
total participants population were 4.97+£1.06 mmolL, 1.58+1.00 ol/L, 2.85+0.87
mmol/L,, and 1.44+0.41 mmol/L, respectively, with corresponding SDs. FBG

concentrations of 202,832 (6.20%) participants were = 7 mmol/L, anﬂompared with
the normal FBG group, the levels of TC_ TG, LDL-C were higher, and the levels of
HDL-C were lower in the diabetes groupﬂ’ <0.001).

Table 1 Participant characteristics according to fasting blood glucose (electronic health
records of residents aged 65 or older, 2022)

All participants Normal Diabetes

Variables Pralue’
N =3,268,928" N =3,066,096 (93.80%)* N =202,832 (6.20%)"
Sex, n (%) <0.001
Male  1,518,008(46 44%) 1,420,614(46.33%) 97.304(48.02%)
Female  1.750920(53 56%) 1,645,482(53.67%) 105.438(51.98%)
Age,n (%) <0.001
65- 1239.677(37.92%) 1,165,745(38.02%) 73,932(36.45%)
70-  989.806(30.28%) 929.543(30.32%) 60.263(29.71%)
75 SBLTSH(17.80%) 544,820(17.77%) 36,932(18.21%)
B0 457.693(14.00%) 425,988(13.89%) 31,705(15.63%)
Educational attainment, n(%) <0.001
Tliterate and primary  2,185,840(66.87%) 2,057,436(67.10%) 128,404(63.31%)
JTunior and semior  604,521(18.49%) 566,305(18.47%) 38,216(18.84%)
College degree or above 51418(1.57%) 48, 248(1.57%) 3,170(1.56%)
Usknown  427.149(13.07%) 394,107(12.85%) 33,042(16.29%)
Marital status, n(%) <0.001
Single 365,485(11.18%) 341 204(11.13%) 24 281(1197%)
Marsied  2.524,380(77.22%) 2,376,295(77.50%) 142,085(73.01%)
Uskaowa 379,063(11.60%) 348,597(11.37%) 30.466(15.02%)
SBP (mm Hg) 13844<18.58 138.23+18.54 141.70+18.85 <0.001
DEP (mm Hg) 78.80:10.40 78.75£10.38 79.57+10.57 <0.001
BMI <0.001
normal  1.721638(52.67%) 1,637.475(5341%) 84.163(41.49%)
Low BMI 171,591(5.25%) 165.847(5.41%) 5,744(2.83%)
Overweight  1.094.285(33 48%) 1,010,901(32.97%) 23 38441 11%)
Obesity 281,414(8.61%) 251,873(8.21%) 29.541(14.56%)

Central obesity, n (%) 1,091,009(33 38%) 996,878(32.51%) 94.131(46.41%) <0.001



@L’l‘ (UL) 208£1527 2048+14.79 23.59+20.62 <0.001

AST (U/L) 23311318 2320=14.74 27.08£20.70 <0.001
TBil (um@) 14.21£6.5 14.18+6.46 14.68=7.07 <0.001
Ser (pmol/L) 72.80+263 72.86£26.11 73.32£20.07 <0.001
BUN (mmolL) 5.98+2.84 598283 6.0422 98 <0.001
TC (mmol/L) 4.97x1.06 496x1.06 311114 <0.001
TG (mmolL) 1.38=1.00 1.56£0.97 1.96+1.32 <0.001
LDL_C (mmolL) 2.85+0.87 2.84+0.86 294092 <0.001
HDL_C (mmol/L) 1442041 145041 1382040 <0.001
Physical exercise, n (%) 1,065.837(32.61%) 996,407(32.50%) 69 430(34.23%) <0.001
Smoking status <0.001
Never 2.593.250(79.39%) 2.432.645(79.34%) 162.605(80.17%)
Regulainoker  522.539(15.99%) 491,533(16.03%) 31,006(15.29%)
Former smolker 131,139(4.62%) 141.918(4.63%) 9.221(4 35%)
Alcohol consumption status <0.001
Never 2.490,703(76.19%) 2.338.751(76.28%) 151.934(74.92%)
Drinker 72975222 32%) 681,598(22.23%) 48 154(23.74%)
Former drinker A48471(1.48%) 45.747(1 49%) 2.724(1 34%)

%ata are presented as n (%) or mean + SD. Binary variables, central obesity and physical exercise,
are listed the data of “Yes™ only.

2 Differences ot@ategorical variables between groups were examined with Pearson's Chi-squared
test, while numerical variables were examined with t-test.

Logistic regression modeling to assess associations between blood lipid indicators and
diabetes

Table 2 presents the_associations between blood lipid parameters and diabetes.
Multivariate-adjusted chistic regression models showed a positive relationship
between TG and diabetes, whereas diabetes was negatively correlated with HDL-C.
Compared with the lowest quintile of TG, the highest quintile had an OR of 2.56 for
diabetes, With a 95% confidence interval (95% CI) of 2.52-2.60. For HDL-C, compared
with the lowest quintile, an OR of 0.72 (0.71-0.73) was obtained among participants in
the highest quintile. Notably, LDL-C showed a J-shaped association with diabetes in
the multivariate-adjusted logistic regression models. There was a 3-5% lower
prevalence%lsk of diabetes among plder adults in the second and third quintiles,
whereas those in the fourth and fifth“quintiles had a 4-23% higher prevalence risk of
diabetes than those jn the lowest quintile of LDL-C. As for TC, when compared to those
in the first quintilefﬁne risk of diabetes prevalence did not exhibit a significant increase
among participants in the second quintile. However, for those in the third to fifth
quintiles, the risk of diabetes prevalence increased by 4 to 38%.



Table 2 OR (95% CI) of diabetes in relation tcﬂ'c, TG, LDL-C and HDL-C (electronic health records of residents aged 65 or older, 20

odell Model2 Model3

Nommal (1) Case (a) Prevalence (%) R (95% CD) Pvalue OR. (95% CI) Pvalue OR (95% CI) Pvalue
TC
1 (lowest) 615529 37190 570 1 (reference) 1 (reference) 1 (reference)
2 610837 35328 547 098 (0.97-1.00) 0.04 0.99 (0.97-1.00) 0.156 0.99 (0.97-1.00) 0.116
3 614512 37400 374 1.04(1.03-1.06) <0.001 1.04 (1.02-1.06) =<0.001 1.04(1.02-1.03) <0.001
4 622108 41920 6.31 1.16(1.14-1.18) <0.001 1.13(1.12-1.15) =<0.001 1.13(1.11-1.15) <0.001
5 (highest) 603100 50004 7.80 146(144-148)  <0.001 139(1.37-141)  <0.001 138(1.36-140)  <0.001
TG
1 (lowest) 593104 22463 365 1 (reference) 1 (reference) 1 (reference)
2 636807 31083 4352 1.30(1.28-133) <0.001 1.22(1.20-124) <0.001 1.22(1.20-124) <0.001
3 368323 33705 5.60 1.65(1.62-1.68) <0.001 1.46(1.43-1.48) <0.001 1.46(1.43-1.49) <0.001
4 638006 48773 6.90 2.09(2.05-212) <0.001 1.76(1.73-1.79) <0.001 1.76 (1.73-1.79) <0.001
5 (highest) 580766 66808 1018 322(3.17-327) <0.001 2,56 (2.52-2.60) <0.001 2,56 (2.52-2.60) <0.001
LDLC
1 (lowest) 606292 37941 5.89 1 (reference) 1 (reference) 1 (reference)
2 622287 36320 552 0.93 (0.91-0.94) <0.001 0.95 (0.93-0.96) <0.001 0.95 (0.93-0.96) <0.001
3 618841 37381 370 0.98 (0.96-0.99) 0.003 0.97 (0.96-0.98) <0.001 0.97 (0.96-0.98) <0.001
4 607079 40592 627 1.08(1.07-1.10) <0.001 1.04 (1.02-1.05) <0.001 104 (1.02-1035) <0.001
5 (highest) 611597 50389 7.64 133(132-135)  <0.001 123(1.21125)  <0.001 123(1.21-125)  <0.001
HDL-C
1 (lowest) 5683534 47316 7.68 1 (reference) 1 (reference) 1 (reference)
2 635354 47909 7.01 092 (0.91-094) <0.001 0,93 (0.92-0.94) <0.001 0.93(0.91-094) <0.001
3 598239 30357 6.17 0.81(0.80-0.82) <0.001 0.85 (0.84-0.86) <0.001 0.84(0.83-0.83) <0.001
4 620901 36033 341 0.70 (0.69-0.71) <0.001 0.77 (0.76-0.79) <0.001 0.77(0.76-0.78) <0.001
3 (highest) 633868 32217 4.84 0.62 (0.61-0.63) <0.001 0.73 (0.72-0.74) <0.001 0.72 (0.71-0.73) <0.001

C, TG, LDL-C and HDL-C were categorized into five groups based on their respective distributions.
Modell: adjusted for age (65-, 70-, 75, 80-), sex (male, female), educational attainment (illiterate and primary, junior and senior, college degree or abowi
and marital status (single, married, unknown).
Model2: model1 adjusted for BMI (normal, low BMI, overweight, obesity), central obesity (no, yes), SBP, DBP, ALT, AST, TBil, Scr and BUN.
Model3: model2 adjusted for smoking status (never, regular smoker, former smoker), physical exercise (no, yes) and alcohol consumption status (never, dri
drinker).
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RCS to assess associations between blood lipid parameters and diabetes
RCS was used to model and visualize the associations 0f TC, TG, LDL-C, and HDL-C
with diabetes in older adults, and these four blood lipid indicators all exhibited non-
éinear relationships with diabetes (P-non-linear < 0.001, Figure 1). A positive
clations[ﬁn was observed between TG and the OR of diabetes (Figure 1B), whereas an
L-shaped Telationship between HDL-C and diabetes was presented jn the RCS (Figure
ID). The OR of diabetes decreased rapidly within the lower range o L-C, and when
the HDL-C was above 1.44 mmol/L, the reduction trend became relatively flat. Below
1.44 mmol/L, the OR per 1 unit higher HDL-C was 0.61 (0.59-0.63), and it was 0.90
(0.89-0.92) above 1.44 mmol/L (Figure 1D and Table 3).

Strong J-shaped associations for TC and LDL-C between diabetes were observed
using the RCS (Figures 1A and C). A decrease in OR was observed until 4.04 mmol/L
of TC, and the OR was 0.97 (0.95-1.00) per 1 mmol/L increase of TC; when TC was
above 4.04 mmol/L, the OR was 1.17 (1.17-1.18) per 1 mmol/L increase of TC (Figure
1A and Table 3). The plot demonstrated a considerable decrease in the OR within the
lower range of LDL-C levels, reaching its nadir at approximately,2.33 mmol/L, before
gradually increasing thereafter. Below 2.33 mmol'L, the OR Tor every 1 mmol/L
increase of LDL-C was 0.88 (0.86=0.90), and it was 1.18 (1.17—1.18) after above 2.33
mmol/L of LDL-C (Figure 1C amJQablc 3). The relationship between TC and diabetes
was examined after excluding the participants with low %L-C levels. When
participants below the 2.5th percentile of LDL-C were excluded, the J-shaped
relationship between TC and diabetes weakened. After excluding participants with low
LDL-C concentrations (< 5th and 10th), the J-shaped association between TC and
diabetes disappeared and transformed into a positive correlation (Figure 2). However,
a slight change was observed in the J-shaped association as participants with low HDL-
C levels were gradually excluded; they did not disappear (Supplementary Figure A).

@ubgroup and sensitivity analysis

The J-shaped association between TC and diabetes%ras stronger in females than in
males and stronger in the 65- than in higher age groups (70-, 75-, and 80-); similar
associations for 1G, LDL-C, and HDL-C were found across all subgroups in the
subgroup analysis (Supplementary Tables A and B). The findings of this study remained
robust in the sensitivity analysis. After adjusting for the confounding factors presented
in Table 2, the RCS curves of these four traditional blood lipid parameters were similar
to those shown in Figure 1 (Supplementary Figure B).
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Figure 1 Associaﬁo%f TC, TG, LDL-C and HDL-C with diabetes. A: TC and diabetes;
B: TG and diabetes; C: LDL-C and diabetes; D: HDL-C and diabetes. Odds ratios are
indicated by red solid lines and border of 95% CIs by red dashed lines (left coordinate
axis). Histograms represent the percentage of each group to the total population (right
coordinate axis). Reference point is 20th centile of TG, inflection point of HDL-C and
lowest value for each of TC and LDL-C,“with knots placed at 5th, 35th, 65th, and 95th
centiles of each’T'C, TG, LDL-C and HDL-C distribution. All models were adjusted for
confounders in table 2.

Table 3 OR (95% CI) of diabetes for every 1 mmol/L increasrngC, LDL-C and HDL-
C, stratified by the inflection point of HDL-C and lowest value for each%f TC and
LDL-C according to RCS (electronic health records of residents aged 65 or older, 2022)

R 95% C1 P-value
TC (mmol/L)

<404 097 0.95,1.00 0.035

=404 117 1.17.1.18 <0.001
QDL-C (mmol/L)

<233 088 0.86,0.90 <0.001

=233 118 1.17,1.18 <0.001
Qo ¢ L]

<144 061 0.59.0.63 <0.001

=144 090 0.89.0.92 <0.001

According to RCS, when TC and LDL-C are 4.04 and 2.33 mmol/L respectively, their respective
ORs are the lowest; the%ﬂection point of HDL-C is at 1.44 mmol/L. Adjusted for confounding
factors shown in table 2.
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Figure 2 ORs (95% CI) of diabetes according to TC (exclusion of low LDL-C). A:
excluded participants with LDL-C below 2.5th centile; B: excluded participants with
LDL-C below 5th centile; C: excluded participants with LDL-C below 10th centile.
Odds ratios are indicated by red solid lines and border of 95% CIs by red dashed lines
(left coordinate axis). Histograms represent the percentage of each group to the total
population (right coordinate axjs). Reference point is 20th centile of each TC after
exclusion of low LDL-C, with“knots placed at 5th, 35th, 65th, and 95th centiles. All
models were adjusted for confounders in table 2.



@)iscussion
In this cross-sectional study 3,268,928 older Chinese adults, the shapes of the
associations between common®lood lipid parameters (TC, TG, LDL-C, and HDL-C)
and diabetes were determined. The relationship between the four blood lipid indicators
and diabetes was non-linear with different shapes. A strgng positive association was
observed between TG levels and diabetes. In contrast, a negative relationship was
observed between HDL-C levels and diabetes, and the OR curve was L-shaped. Both
TC and LDL-C levels showed J-shaped associations with diabetes, with an inverse
correlation before the inflection point and a positive correlation after the inflection point.

Many epidemiological Studies have explored the association between blood lipid
parameters and diabetes, and Low HDL-C and high TG have been proven to be
established risk factors for diabetes in several previous studies [4,18,24,25]. An
observational study of 5,012 participants, which was based on two cross-sectional
surveys, reported that the ORs of hypertriglvceridemia for diabetes were 1.54 (1.01—
2.35) in men and 2.02 (1.49-3.10) in women [4}%\ nationwide population-based study
of over 5 million %Jlts without known diabetes showed that the hazard ratio for
incident diabe e low HDL-C and high variability group was 1.40 (1.38-1.42)
compared with'the high HDL-C and low variability group [24]. The reduction in HDL
levels may be caused by a mechapism initiated by clevated plasma TGs against a
backdrop of insulin resistance so thatthe transfer of cholesteryl esters from HDL to TG-
rich particles is facilitated%uough increased catabolism and the action of cholesteryl
ester transfer protein [26]. This study found that the growth trend of the OR was
relatively_stable with an increase in TG. However, a strong L-shaped relationship was
observed “between HDIL-C and diabetes, and the reduction in the OR tended to be
gradual after the plasma HDL-C level reached 1.44 mmol/L. Significant'Changes in the
slope of the association between HDL-C levels and diabetes may be related to a
negative feedback model of pancreatic islets. Evidence suggests that HDL plays a direct
role in glycemic control by acting on pancreatic beta cells [27]. Hormonal secretion by
the pancreatic islets is highly regulated. Insulin secretion lowers blood glucose levels,
and decreasing glucose levels would shut down insulin secretion of pancreatic beta cells,
which relieves the local inhibition of glucagon secretion of pancreatic alpha cells [28].
The complementary action of hormones secreted by pancreatic beta and alpha cells
allows the maintenance of blood glucose at physiological levels.

Notably, there are significant differences between studies regardin&e effects of TC
and LDL-C on diabetes [4.15.29—31]%1 a multicenter yetrospective cohort study of
28,476 patients with coronary heart disease, high TC and LDL-C levels were risk
factors for diabetes, with ORs of 1.08 (1.06-1.11) and 1.06 (1.03-1.10), respectiyely
[29]. Conversely, increased 1C and LDL-C levels were beneficial to reduceﬁ

prevalence of diabetes in a cross-sectional cohort study of 3,688 participants aged =

50 years [15]. Another observational study of 9,892 patients with hypertension provided
completely different results (a U-shaped relation between LDL-C levels and diabetes
prevalence) [30], and RCS performed in this study found similar results that TC and

LDL-C showed J-shaped associations with diabetes among older adults = 65 vears.



Moreover, a new insight was added: the observed J-shaped association between TC and
iabetes can be explained when the two different shapes of diabetes prevalence risk for
DL-C and HDL-C are combined. The increased prevalence risk of diabetes within the

lower TC range (<4.04 mmol/L) could be mainly attributed to a combination of the high

prevalence risk'1n older adults with low LDL-C levels and the increase in prevalence
risk under low HDL-C conditions may have a synergistic effect on the occurrence of

this phenomenon. The increase in diabetes prevalence risk in the higher TC range (=

4.04 mmol/L) may be due to the reversal oﬂw relationship between LDL-C and
diabetes, and when the promgting effect of high LDL-C on diabetes prevalence exceeds
the protective effect of high L-C levels, the prevalence risk of diabetes increases
with the increase of TC.

The cholesterol paradox rcgarding@erum cholesterol levels and the risk of diabetes
has been preliminarily disgussed in clinical trials of statins [14]. The patterns observed
in this study suggest that HDL-C and LDL-C jointly lead to the cholesterol paradox,
and the two oppositeeffects of low and high LDL-C on diabetes seem to play a crucial
role.”A post-hoc analysisf an intervention trial demonstrated a positive protective
effect of rosuvastatin on Coronary artery disease or cerebrovascular disease events,
While%c r%: of diabetes increased with a reduction in LDL-C levels. In Everett BM et
al.’s study, the risk of type 2 diabetes among participants with an LDL-C <30 mg/dl

increased by 56% compared with%articipants with LDL-C = 30 mg/dl [32]. Genetic

@tudies have shown that LDL-C-loyering variants of several genes, including NPC1L1,
HMGCR, and PCSK9, are directl}%ss iated with an increased risk of diabetes [33]. In
addition, overexpression of NPCILI™In the liver can suppress gluconeogenesis and
lower fasting blood glucose and blood glucose levels, whereas inhibiting NPC1L1 with
ezetimibe, a lipid-lowering agent, may promote gluconeogenesis [34]. Furth more%w
free-radical theory of aging and disrupted cholesterol homeostasis were used o account
for the inverse association between LDL-C levels and cardiovascular mortality in older

eople [35]. However, it is unclear whether this hypothesis can explain the negative

éelationshjp between LDL-C and diabetes in geriatric populations with low LDL-C
levels.

Q‘rrengms and limitations

This study has several strengths. First, the%ssociations between different lipid
parameters and diabetes prevalence were fully explored, and the contributions of
different cholesterol components to the cholesterol paradox were further elaborated.
Second, China’s basic public health services projects and the mature information
system can provide a large amount of health-related data. Third, The non-linear
relationship between blood lipids and diabetes found in this study, particularly the J-
shaped Telationship between LDL-C, TC, and diabetes, provides a reference for the
management of blood lipid levels in older adults.

However, this study had some limitations. First, participants with diabetes were only
differentiated by fasting blood glucose rather than by doctors' diagnoses, which may



have caused sopme bias. Second,@ype 1, type 2, and other types of diabetes were not
distinguished.&?ype 2 diabetes accounts for more than 90% of all diabetes cases in
China [36]. Third, The data analyzed in this study were cross-sectional, thus preventing
any conclusive evidence of a causal relationship between risk factors and diseases.
Furthelﬁrospective studies are required to validate the findings of this study. Fourth,
this study only included older Chinese adults and the findings from this population
should be cautiously generalized to other populations. Fifth, owing to the limited
information contained in the database, no data were collected onﬁe use of lipid-
lowering drugs, which may be a confounding factor affecting the results.

onclusions

this large-scale cross-sectional study of older Chinese adults,%e relationship
between blood lipid parameters and diabetes prevalence was not a simple linear
correlation, and low 1C and LDL-C levels were risk factors for diabetes prevalence
among older Chinese adults. The%ositive correlation between low LDL-C levels_and
the risk of diabetes may be related to the cholesterol paradox. Therefore, extremelyéonw
LDL-C levels shguld be avoided in clinical lipid management, particularly in patients
without diabetes. These findings may provide a new reference for the development of
lipid management guidelines. The makers of blood lipid management strategies need to
fully consider the role of the cholesterol paradox to avoid adverse events that may be
caused by low blood lipid parameters.
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