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Jia Yd&r* Aim: Fasting glucose has been associated with vascular aging, but the association between
Hongyan Sunt HbAlc and vascular aging has been limitedly studied in Chinese and other ethnic popula-
Fei Shan2g* tions. We aimed to examine this association in a large sample of Chinese adults.
Haishu W& Methods: In the Tianning Cohort (N=5142), fasting glucose, HbAlc, carotid-femoral pulse
Hongfei SHi wave velocity (cfPWV), and pulse pressure (PP) were measured. Vascular aging \wed de
Livun Reh as having the highest quartile level of cfPWV or PP. We applied quantile regression models
an He to examine the association between glucose metabolism and vascular aging.

. hi Zh ’g Results: The median cfPWV was signtantly increased as increasing quintiles of fasting
mmg; ! Z an glucose (=0.14, P<0.001) and HbAlc (=0.07, P=0.0056), respectively. Per 1-mmol/L

ao Pen

increment of fasting glucose was sigoantly associated with a higher risk of having
1Department of Epidemiology, School of ~ vascular aging dened by cfPWV (OR=1.05P=0.022), PP (OR=1.067=0.048), or either
Public Health and Jiangsu Key Laboratory of oR=1.08,P=0.002). Similarly, per 1% increment of HbAlc was sigrantly associated

Preventive and Translational Medicine for . . . . .
Geriatric Diseases, Medical College of with a higher risk of having vascular aging ded by cfPWV (OR=1.06P=0.044), PP

Soochow University, Suzhou, Pecple (OR=1.10,P=0.012), or either (OR=1.12=0.042).

Republic of ChindCenter for Disease  coh0jusion: Glucose metabolism was sigmantly and positively associated with vascular
Prevention and Control of Tianning District, o . o .

Changzhou, PeopieRepublic of China aging in Chinese adults, but the causality is uncertain.
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Introduction

Correspondence: Hao Peng Vascular aging, a latent and continuous physiological process, is an established risk
Department of Epidemiology, School of ; ; en _

Public Health And Jiangsu Key I_aboratoryfactor of cardiovascular disease (CVD) morbidity and mort&iitput can be detect

of Preventive and Translational Medicine able and modiable in the whole life cycle. One of the hallmarks of vascular aging is an

for Geriatric Diseases, Medical College of . . . . . . . . .
Soochow University, 199 Renai Road, Increase in arterial stiffness, which can be measured in various Wwagisiding the

:gdusglial Pfaélﬁ Suzhou 215123, Pelsple  most common noninvasive methods - pulse wave velocity (PWafid pulse pressure
epublic O na

Tel +86 512 6588 0078 (PP). These indices have been established to be independent predictors of CVP risks.
Fax +86 512 6588 0052 Identi cation of potential biomarkers of vascular aging may help move forward the
Email penghao@suda.edu.cn ) . .

window of primary prevention and management of C¥D.
Mingzhi Zhang : :
Department of Biostatistics, School of .A wide range (?f m.echanlsms. has peen found to acgelerate the process of vascular
Public Health and Jiangsu Key Laboratoryaging, such as oxidative stress, ammation, and endothelial dysfunctibt’"? These
of Preventive and Translational Medicine hologi | dinth diti fal bolic disord
for Geriatric Diseases, Medical College of Pathologic responses also emerged in the conditions of glucose metabolic disorders, e.g.,
Soochow University, 199 Renai Road,  jnsulin resistance, hyperglycemia, and diabetes meffftdgjndicating a potential role
Industrial Park, Suzhou 215123, Pedple

Republic of China of glucose metabolism in vascular agitfgrhis hypothesis has also been suggested by
Tel +86 512 6588 0079

Fax +86 512 6588 0052 pnor studies. For exampl_e, an in vitro _@rpment fqund an increased e>.<cret|on of

Email zhangmingzhi@suda.edu.cn in ammatory biomarkers in human aortic endothelial cells exposed to high glicose.
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This phenomenon was also demonstrated in an animfgleasurement Of Glucose Metabolic
experiment® In humans, genetic polymorphisms at severgndices

genes involved in glucose metabolism have been associa;ggsting glucose and HbAlc were determined in overnight
with vascular disorders even in non-diabetic individd&so fasting blood samples by Hexokinase methods (Siemens
date, the association between fasting glucose and arterial stiffa 5ithcare Diagnostic Inc., Co Antrim, UK) and latex
ness has been studied in populatiofis;™ but these studies aggutination test methods (Siemens Healthcare Diagnostic
were mainly conducted in individuals with European ancestipnc. Newark, USA), respectively. All tests were performed
and there appeared an ethnic-difference in the magnitude(gf the Simens ADVIA Chemistry XPT system in the
this associatioA? Besides, the association between hemogl@iangsu Key Laboratory of Preventive and Translational
bin Alc (HbAlc), another index recting long-term glycemic  Medicine for Geriatric Diseases. The laboratory staff was
control?* and vascular aging is not well studied in Chinese, asiinded to the health conditions of study participants. The
well as other ethnic populations. Moreover, some novel beheriteria of diabetes diagnosis were to meet one of the
vioral factors, e.g., physical inactivitf*® and sleep following: (1) self-reported history of diabetes, (2) mea-
inef ciency??® were not well controlled in previous studies.sured fasting glucose7.0 mmol/L in this examination,
The present study aimed to intensively investigate the assocfd) measured HbA1c6.5% in this examination.

tion between glucose metabolism (assessed by fasting glucose

and HbAlc) and vascular aging independent of behaviorRyleasurement Of Vascular Aging

factors in more than ve thousand Chinese adults in theArteriaI stiffness, assessed by carotid-femoral PWV
Tianning Cohort. Considering the potential time—depende@éfpwv) and PP, was used to evaluate vascular aging in
vascular responses to high glucose in the B8we also oy study. Measurement of cfPWV was performed by the
examined the association between glycemic status and vasgie of cuffs placed around the carotid and femoral to

lar aging. record the time of arrival of the pulse wave oscillometri-
cally applying a validated device AS-2000 (Hong Kong

Methods Biomedical Holdings LTD., Hong Kong, China). Brig,

Study Participants after the participants had rested for at least 15 mins,

The Tianning Cohort is an on-going multi-center Cornmu[ramed technicians and physicians placed the pressure

nity-based prospective longitudinal study designed tSUﬁS on carotid and femoral and performed the measure-

. . . ment in the supine position. The device simultaneously
search for new risk factors and potential therapeutic targets

. . ) .measures pulse waves of the carotid and femoral arteries
of CVD and related risk factors in Chinese adults. This . . . . . .
wd initiated Mav 25. 2018. and ited t,usmg an oscillometric cuff technique. The device esti-
was initi n nd recrui rti- . .
study was ated on Vay <o, » and recruited pa mates the travel path by subtracting the carotid-sternal

cipants aged over 18 years in conformity with the prlr]Clpl%otch distance from the femoral-sternal notch distance

(?f voluntariness frgm 9 commumtles.re'smmg. n z_itrad"and automatically computes cfPWV as the ratio of the
tional but economically developed district (Tianning)

Nravel path divided by the time difference between the
the center of Changzhou, China. After giving a Signeﬂulse waves that are transmitted to the carotid and femoral
written informed consent, a total of 5,199 participant$,taries. Blood pressure was measured 3 times by trained
have received a face-to-face interview, physical examin@z,¢ using a standard mercury sphygmomanometer and a
tion, urine and blood drawn and would be followed byq of appropriate size, according to a standard protdtol,
phone every two years to collect CVD events and repeajfier the participants had been resting for at least 5 mins in
edly examined everyve years to monitor their cardiovas- 5 relaxed, sitting position. Therst and fth Korotkoff
cular health. The protocols of this study were approved byounds were recorded as systolic blood pressure (SBP)
the Ethics Committee of Soochow University (approvabnd diastolic blood pressure (DBP), respectively. The
No. ECSU-201800051) and this study was conducted foean of the 3 measurements was used in statistical ana-
lowing the Declaration of Helsinki. After excluding parti- lyses. PP was calculated as the difference between SBP
cipants with missing data on either glucose metabolism @nd DBP. Vascular aging was deed as individuals with a
vascular aging (N=57), a total of 5,142 participants werefPWV in the highest quartile 8.84 m/s), a PP in the
included in the nal analysis. highest quartile (54 mmHg), or either.
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Assessment Of Confounding Factors  P-value less than 0.05 was considered statistically signi
Cigarette smoking was classid as current smoking, pastcant. All statistical analyses were conducted using SAS sta-
smoking, and never smoking. Current smoking wasneed tistical software, version 9.4 (SAS Institute, Cary, NC).

as having smoked cigarettes regularly and smoking currently.

Past smoking was deed as having smoked cigarettes reguSensitivity Analysis

larly in the past but not smoking currently. Never smoking wa$o examine whether physical activity and sleep, two beha-
de ned as never smoked cigarettes. Alcohol consumption wamral factors ignored by prior studies, affect the association
classi ed as current drinkers or not. Current drinkers werbetween glucose metabolism and vascular aging, physical
those who had consumed any alcohol during the past yeactivity, sedentary behavior, and PSQI score were addition-
Education level was estimated as years of under educatiefly adjusted. To examine whether hypertension, diabetes,
Bodyweight (kg) and height (cm) were measured when parnd prevalent CVD inuent our results, participants with
cipants wore light clothes and no shoes by trained staff. Bogyyevalent hypertension, diabetes and CVD were excluded.
mass index (BMI) was calculated by dividing weight in kilo-

grams by the square of height in meters (Kj/nPhysical Results

activity was determined using the Global Physical ActivityBase"ne Characteristics

Questionnaire (GPAQ) which was developed by the WHQ 5| of 5142 participants (mean age 50.97+15.63 years,

for physical activity surveillance in developing countriést g 5oy of women) were included in the current study. Of

collects information on physal activity at work, commuting, them, 579 (11.26%) participants had prevalent diabetes
and recreational activities aslvas sedentary behavior. Theincluding 462 under hypoglycemic treatments, and 1043
measu_red d.ata were proce;sed according to the GPA&}) 28u5) participants had prediabetes. 2203 (42.84%) parti-
Analysis Guide, and MET-minutes per week values Werginants were classed as having vascular aging referring to
calculated and used in data analysis. Sleep was assessed PRidual cfPWV (N=1291), individual PP (N=1282), or
total score of the Pittsburgh Sleep Quality Index (PSQI), gither. The baseline characteristics of study participants are
widely used and well-validated measure of sleep quility. shown in Table 1 Diabetic participants had sigrdgantly
(LDL-C) and high-density lipoptein cholesterol (HDL-C) and cfPWV (median: 7.4 vs 6.7 m/B=0.003) than those
were measured by the Simens ADVIA Chemistry XPT systeiithout diabetes. Compared to non-diabetic participants,
using commercial reagents (Siemens Healthcare Diagnos#ipse with diabetes were more likely to be older, male, past

Inc., Co Antrim, UK). smoking and to have higher levels of blood pressure, lipids
and more hypertension, dyslipidemia, and CVDPalD.05).
Statistical Analysis Sleep quality, sedentary behavior, and education level

Characteristics of study participants were presented in diﬁe_emed to be lower in pf’;lrti.cipants_ with diapetes thgn those
betic and non-diabetic participants, respectively. To examiﬁﬂé'tr"om ll P<Q'05)'_ No signi cant difference in other listed
the association between fasting glucose and cfPWy, wiiables was idented between these two groups.

constructed a median regression model in which cfPWV o )
was the dependent variable and fasting glucose (continuoféSSociation Between Fasting Glucose

or categorized as quintiles) was the independent variabldnd Vascular Aging

adjusting for age, sex, education level, cigarette smokinghe median level of cfPWV was sigriantly increased as
alcohol consumption, BMI, LDL-C, HDL-C, and SBP. Theincreasing quintile levels of fasting glucoségure 1 =0.14,
median regression model was used here to account for the0.0001).Table 2shows the associations of fasting glucose
skewed distribution of cfPWV. The associations betweewith vascular aging. Regression using continuous fasting glu-
fasting glucose and PP, between HbAlc and cfPWYV, betweebse as the independent variable showed that per 1-mmol/L
HbAlc and PP, were similarly examined. To facilitate datincrement of fasting glucose was sigoantly associated with
interpretation, we further constructed logistic regressioa higher risk of having vascular aging aed by individual
models to examine whether fasting glucose and HbAlefPWV (OR=1.05, P=0.022), individual PP (OR=1.06,
were associated with advanced vascular aginghee as P=0.048), or either (OR=1.087=0.002). Regression using
cfPWV or PP values within the highest quartile. A two-tailechuintiles of fasting glucose as the independent variable
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Table 1 Baseline Characteristics Of Study Participants
Characteristics Prevalent Diabetes P-value

Without With

No. of participants 4563 579
Age, years 49.4+15.4 63.3t11.5 <0.001
Sex, men (%) 1839 (40.30) 294 (50.78) <0.001
Cigarette smoking, n (%)
Current smoking 897 (19.66) 132 (22.80) 0.075
Past smoking 217 (4.76) 59 (10.19) <0.001
Never smoking 3449 (75.59) 388 (67.01) <0.001
Current drinking, n (%) 847 (18.56) 111 (19.17) 0.723
Hypertension history, n (%) 1295 (28.38) 350 (60.45) <0.001
CVD, n (%) 189 (4.14) 74 (12.78) <0.001
Education level, years 10.89+3.92 9.37+£3.57 <0.001
Body mass index, kgfm 23.96+3.69 24.89+3.32 <0.001
Systolic blood pressure, mmHg 123.2+16.5 132.3+17.0 <0.001
Diastolic blood pressure, mmHg 79.6+x10.4 77.5+9.9 0.018
Total cholesterol, mmol/L 4.80+0.93 4.84+1.03 0.264
Triglycerides, mmol/L 1.73t£1.24 2.05+1.25 <0.001
LDL cholesterol, mmol/L 2.76+0.79 2.71+0.83 0.290
HDL cholesterol, mmol/L 1.23+0.31 1.13+0.30 <0.001
Pulse pressure, mmHg 46.6 +11.8 54.7 +14.5 <0.001
cfPWV, m/s, median (IQR) 6.7 (5.38.7) 7.4 (5.39.2) 0.003
PSQI score 3.613.1 4.2+3.6 <0.001
Physical activity, MET-minutes/week 5222.9+8066.8 5018.9+8182.4 0.686
Sedentary behavior, minutes/day 364.9+£216.0 348.6+£232.0 0.010

Notes: Results were expressed with mean+SD unless otherwise noted.
Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; CVD, cardiovascular disease; cfPWV, carotid-femoral pulse wave velocity; IQR, interquartile
range; PSQI, Pittsburgh sleeps quality index.

revealed similar associatioimsthe same direction. Compared P=0.0056). Table 3 shows the associations of HbAlc
to participants with the lowest quintile of fasting glucose, thoseith vascular aging. Regression using continuous HbAlc
with the highest quintile had a 31%, 49%, and 45% higher risks the independent variable showed that per 1% increment
of having vascular aging deed by cfPWV (OR=1.31, of HbAlc was signicantly associated with a higher risk
P=0.023), PP (OR=1.49P=0.016), or either (OR=1.45, of having vascular aging deed by individual cfPWV
P=0.001), respectively. (OR=1.06,P=0.044), individual PP (OR=1.10=0.012),

or either (OR=1.12P=0.042). Regression using quintiles
Association Between HbAlc And of HbAlc as the independent variable revealed similar
Vascular Aging associations in the same direction. Compared to partici-
The median level of cfPWV was sigréantly increased as pants with the lowest quintile of HbAlc, those with the
increasing quintile levels of HbAlcF{gure 1 =0.07, highest quintile had a 52% higher risk of having vascular
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