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Abstract: Objective To explore the correlation between triglyceride glucose (TyG) index and arteriosclerosis in natural
population, and whether TyG index could be used as a predictor of poor prognosis of cardio-cerebrovascular diseases.
Methods A cross-sectional study was conducted on 4 355 adults recruited from the natural population in the community of
Gaoyou City, Jiangsu Province from 2009 to 2010. According to the quartiles of TyG index, they were divided into Q1 group
(TyG =8.19, n=1 100), Q2 group (8.19 < TyG=8.55, n=1 080), Q3 group (8.55 < TyG=8.99, n=1 103), Q4 group (TyG >8.99,
n=1 072). Taking brachial-ankle pulse wave conduction velocity (baPWV) as the observation index of arteriosclerosis, the
correlation between TyG index and baPWV was analyzed by univariate and multivariate linear regression. A restricted cubic
spline function diagram with multivariate correction was performed to explore whether there was a nonlinear correlation
between TyG index and baPWV. Result After adjusting for confounding factors, compared with Q1 group, the regression
coefficient and 95%C/ of TyG index affecting baPWV among Q2, Q3 and Q4 groups were 0.11(-0.07, 0.29), 0.41 (0.23, 0.59) and
0.97(0.78, 1.16), respectively (trend test £<0.01). Restricted cubic spline analysis showed a linear positive correlation between
TyG index and baPWV. The mediator effect analysis also showed that TyG index partially mediated the impact on baPWV
through inflammation. Conclusion TyG index is linearly and positively correlated with atherosclerosis.
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Cardio-cerebrovascular diseases are the main cause
of global health burden and the leading cause of death
from disease worldwide [1]. Atherosclerosis has been
widely recognized as an important risk factor for
cardio-cerebrovascular events and poor prognosis of
diseases [2-6]. Atherosclerosis is a chronic and long-term
pathological process. Early identification of high-risk
groups of atherosclerosis and intervention with
appropriate preventive strategies are of great clinical
significance  for  reducing the occurrence of
cardio-cerebrovascular diseases and improving prognosis
[7-8].

1 Subjects and Methods

1.1 Subjects

This study (Gaoyou Study) was a cross-sectional
study conducted in the natural population of communities
in Gaoyou City, Jiangsu Province from 2009 to 2010. The
subjects were recruited through stratified random
sampling based on age (18-34, 35-44, 45-54, 55-64, and
65-74 years old) and gender. A total of 4,536 adults were
selected for this study. Those lacking reliable baPWV

Insulin resistance (IR) is generally defined as a
decrease in sensitivity to physiological insulin levels in
insulin target tissues [9]. The triglyceride glucose index
(TyG index) has been proven in previous studies to be a
simple and reliable surrogate indicator of IR, and has a
certain predictive value for the risk and prognosis
cardiovascular diseases [10]. However, few studies have
elucidated the correlation between TyG and
atherosclerosis in the general population. This study took
brachial-ankle pulse wave conduction velocity (baPWV)
as the main observation indicator of atherosclerosis, and
aimed to explore the correlation between TyG and
atherosclerosis risk in the general population.

data, blood glucose and triglyceride data, or those
undergoing hypoglycemic or lipid-lowering drug
treatment were excluded. The ethics of this study have
been approved by the Institutional Review Board of the
First Affiliated Hospital of Nanjing Medical University
(2011-SR-012).

1.2 baPWVv

The baPWV of the subjects was measured by a
non-invasive vascular screening device (VP-1000, Omron,
Japan), along with blood pressure measurement using a
sphygmomanometer. VP-1000 simultaneously recorded
the baPWV of both the left and right sides as well as
brachial and ankle blood pressures. Details of the device
functions and procedures have been described elsewhere
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[11].
1.3 Other Variables

Demographic characteristics, blood pressure, height,
weight, and other indicators were collected from the
subjects. Blood samples collected were analyzed by the
Laboratory of the First Affiliated Hospital of Nanjing
Medical University.

1.4 TyG Index

TyG index=In [Fasting triglyceride (mg/dL) x
fasting glucose (mg/dL)]/2. The subjects were grouped
according to the quartiles of the TyG index: Q1 group
(TyG=<8.19, n=1,100), Q2 group (8.19 < TyG<8.55,
n=1,080), Q3 group (8.55 < TyG=<8.99, n=1,103), and Q4
group (TyG > 8.99, n=1,072).

1.5 Statistical Methods

The statistical analyses were performed using Stata
15 MP software. Continuous variables that conformed to
normal distribution were expressed as X s, and the
comparison between the four groups was performed by
ANOVA. Categorical variables were expressed as n (%),
and the comparison between groups was performed using
the chi-square test. Univariate and multivariate linear

regression analysis was used to analyze the relevant
factors of baPWV (stepwise regression forward method,
with P<0.05 for univariate analysis included in the model
and P>0.1 after correction excluded from the model). The
restricted cubic spline function model was used to
analyze whether the TyG index was nonlinearly
correlated with baPWV. A bilateral test of P<0.05 was
considered statistically significant.

2 Results

2.1 Baseline Analysis

The study included a total of 4,355 subjects.
Subjects with higher TyG index were often accompanied
with older age, higher body mass index (BMI), systolic
diastolic blood (SBP) and diastolic blood pressure (DBP),
higher level of total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), blood creatinine (SCr), and white blood cells
(WBC) counts. They also had lower high-density
lipoprotein cholesterol (HDL-C) and a higher proportion
of antihypertensive treatment (P<0.05) [Table 1].

Tab.1 Baseline features of four groups (x £s)

. Q1 group Q2 group Q2 group Q4 group
Indicators (n=1 100) (=1 080) (n=1 103) (n=1 072) F/y? Value P Value
baPWYV (m/s) 14.0+£2.9 14.4£3.1 14.9+£3.2 159435 69.38 <0.001
Age (years) 51.0 £13.3 51.7 £12.7 52.5+11.8 53.0£11.3 5.56 0.001
Male [ccase (%)] 557 (50.6) 489 (44.9) 471 (42.7) 513 (47.9) 15.81 0.001
BMI (kg/m?) 23.0+£2.7 23.9+2.9 25.0+3.0 26.1£3.0 233.21 <0.001
SBP (mmHg) 132.0+19.8 135.0+£21.4 137.0+£21.0 142.0+20.0 43.17 <0.001
DBP (mmHg) 82.5+10.3 83.8+10.1 86.1+10.7 88.8+10.3 77.60 <0.001
Blood glucose (mg/dL) 95.1+£9.9 98.8+10.5 102.0+13.1 111.0+28.0 176.31 <0.001
TC (mmol/L) 4.5+0.8 4.8+0.8 5.0£0.9 5.4+1.1 184.68 <0.001
HDL-C (mmol/L) 1.46+0.3 1.4+0.3 1.3+£0.3 1.2+0.3 212.21 <0.001
LDL-C (mmol/L) 2.6+0.6 2.8+0.6 3.1+0.7 3.2+0.7 192.68 <0.001
TG (mg/dL) 59.7+11.9 89.0+12.4 128.0+20.5 271.0+18.6 35 652.75 <0.001
ALT (U/L) 17.2+11.7 18.8+19.3 20.5+£27.6 23.8+14.2 22.79 <0.001
AST (U/L) 25.049.2 25.5£17.0 25.8+18.0 26.9+9.9 3.62 0.013
SCr (pmol/L) 64.3+13.7 66.1+18.6 66.7+15.8 68.7+17.9 12.83 <0.001
WBC (x10°/L) 5.4+1.5 5.7%1.6 5.9+1.6 6.2+1.6 46.42 <0.001
Antihypertensive therapy [case (%)] 82 (7.5) 117 (10.8) 165 (15.0) 262 (24.4) 143.16 <0.001

2.2 Univariate and Multivariate Analysis

Univariate linear regression analysis showed that
compared with the Q1 group, the regression coefficients
and 95%CI of TyG index on baPWYV in the Q2, Q3, and
Q4 groups were 0.39 (0.13, 0.66), 0.90 (0.63, 1.17), and
1.86 (1.60, 2.13), with a trend test P<0.01. Other
potential confounding factors related to baPWV include
age, gender, BMI, SBP, DBP, LDL-C, AST, SCr, WBC
count, and antihypertensive treatment [Table 2]. After
multi-factor adjustment for confounding factors,
compared with the Q1 group, the regression coefficients
and 95%CI of TyG index on baPWV in the Q2, Q3, and
Q4 groups were 0.11 (-0.07, 0.29), 0.41 (0.23, 0.59), and

0.97 (0.78, 1.16), with a trend test P<0.001. The
restricted cubic spline function analysis showed a linear,
positive correlation between TyG index and baPWV
(non-linear P = 0.323, Figure 1).

2.3 The Effect of TvG Index on baPWV Through
Inflammation

The results of the mediation analysis showed that
inflammation was involved in the correlation between
TyG index and baPWV. The percentage of mediation
effect in the Q2, Q3, and Q4 groups was 14.4%, 7.2%,
and 5.5%, respectively [Table 3].
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Tab.2 Univariate and multivariate generalized linear regression

3 Discussion

The main finding of this study was that IR was
associated with arteriosclerosis. The TyG index showed a
linear positive correlation with baPW'V, and inflammation
partially mediated the correlation between the TyG index
and baPWV.

Previous studies have found that the TyG index is
associated with abdominal aortic calcification [12],
myocardial infarction in community populations [13],
cardiovascular disease [14], and atherosclerosis in type 2
diabetes [15]. Chen, et al. [12] conducted a
cross-sectional analysis of data from 1,419 participants in
the 2013-2014 National Health and Nutrition
Examination Survey of United Sates and detected
extensive abdominal aortic calcification in 196 (13.8%)
of the subjects. Each unit increase in the TyG index
increased the odds of extensive abdominal aortic
calcification by 41%. Pan et al. [16] included 3,169
railway workers and performed carotid ultrasound
examinations, finding that individuals with a high TyG
index had a higher prevalence of carotid plaques, and
there was a positive correlation between the TyG index
and the risk of carotid plaques (OR = 1.22). The results of
this study are consistent with the conclusions of these
studies, except that this study used baPWV to assess
arteriosclerosis.

IR is considered a common risk factor for
cardio-cerebrovascular diseases [17]. This study showed
that IR populations had higher WBC counts, suggesting

that IR might be associated with inflammatory responses
[18]. Further mediator effect analysis results showed that
inflammation participated in the correlation between the
TyG index and baPWYV, including direct and indirect
effects, suggesting that IR leads to atherosclerosis by
activating the inflammatory response in the human body.

This study has the following limitations. First, TyG
index as a means to assess IR is not the gold standard for
IR, but because the TyG index is simple and easy to
obtain, it has important indicative significance for clinical
evaluation of IR. Second, due to the cross-sectional study
design, the causal relationship between the TyG index and
arteriosclerosis could not be established, and further
Cohort studies and randomized controlled trials are
needed to prove causality. Thirdly, although this study
found that inflammation mediated the correlation between
the TyG index and baPWYV, prospective studies are still
needed to further confirm the reliability of the results.

In summary, this study found a linear positive
correlation between the TyG index and baPWV.
Inflammation partially mediated the correlation between
the TyG index and baPW'V.
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Abstract: Objective To explore the correlation between triglyceride glucose ( TyG) index and arteriosclerosis in
natural population, and whether TyG index could be used as a predictor of poor prognosis of cardio-cerebrovascular
diseases. Methods A cross-sectional study was conducted on 4 355 adults recruited from the natural population in the
community of Gaoyou City, Jiangsu Province from 2009 to 2010. According to the TyG index quartiles, they were divided
into Q1 group (TyG=<8.19, n=1 100), Q2 group (8.19<TyG<8.55, n=1080), Q3 group (8.55<TyG<8.99, n=
1103), Q4 group (TyG>8.99, n=1 072). Taking brachial-ankle pulse wave conduction velocity (baPWV) as the
observation index of arteriosclerosis, the correlation between TyG index and baPWV was analyzed by univariate and
multivariate linear regression. A restricted cubic spline function diagram with multivariate correction was performed to
explore whether there was a nonlinear correlation between TyG index and baPWV. Results  After adjusting for
confounding factors, compared with Q1 group, the regression coefficient and its 95%CI of TyG index affecting baPWV
among Q2, Q3 and Q4 groups were 0.11 (-0.07-0.29), 0.41 (0.23-0.59) and 0.97 (0.78-1.16), respectively
(trend test P<0.01). Restricted cubic spline analysis showed a linear positive correlation between TyG index and
baPWV. The mediator effect analysis also showed that TyG index partially mediated the impact on baPWV through
inflammation. Conclusion TyG index is linearly and positively correlated with atherosclerosis.
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JRE EE ( HDL-C) |, B =5 i B R 3R 7 L i (P <0.05)
W1,
22 $HERSHEZ o AR ELMRE S
R, 5 Q1 4L, TyG 48 507E Q2.Q3 Q4 4[] 5%
baPWV (1) [|] 9 Z % & H 95% CI }y 0.39(0.13 ~
0.66) .0.90(0.63~1.17) ,1.86(1.60~2.13) , &%
K P<0.01; HAW Y 7E 9 5 baPWV AH G TR 24 K]
FALE AR IS 1 ) BMI UL 46 R | &F 5K L LDL-C |
AST UL | A EORn B 3BT (R 2) o 2
RAMERE R ERAFRE, 5 Q1 4Lk,
TyG 48501 Q2.,Q3 . Q4 ZH [ 540 baPWV 14 [n] I 2
B 95%CI 5 0.11(-0.07~0.29) .0.41(0.23 ~
0.59) .0.97(0.78 ~1.16) , Ba B % P<0.01, BRI
PESL Iy FELRBU M 7R, TyG 48505 baPWV 2K
PEIEARG (JEZPE P=0.323, K 1),
2.3 TyG 3408 it £ % xF baPWV 89 %ok HHIRISK
BT EER IR, RIES 5 T TyG #5405 baPWV 11y
FHOCHE . AN 43 F e Q2,Q3.,Q4 4l iE] 4351
14.4% 1.29%F15.5%, W3,
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F1 DUARLIHE  (x2s)
Tab. 1 Baseline features of four groups (x+s)
FiH 01 4 (n=1100) 02 4 (n=1080) 024 (n=1103) 04 4 (n=1072) FAC A P
baPWV(m/s) 14.0+£2.9 14.4+3.1 14.9+3.2 15.9+£3.5 69.38 <0.001
R (%) 51.0+13.3 51.7+12.7 52.5+11.8 53.0+11.3 5.56 0.001
FHHI(%) ] 557 (50.6) 489 (45.3) 471 (42.7) 513 (43.9) 15.81 0.001
BMI(kg/m?) 23.0+£2.7 23.9+£2.9 25.0+3.0 26.1+3.0 233.21 <0.001
W46 i (mmHg) 132.0£19.8 135.0£21.4 137.0£21.0 142.0+20.0 43.17 <0.001
#F ik H (mmHg) 82.5+10.3 83.8+10.1 86.1+10.7 88.8+10.3 77.60 <0.001
1B (mg/dL) 95.1+£9.9 98.8+10.5 102.0+13.1 111.0+28.0 176.31 <0.001
TC(mmol/L) 4.5+0.8 4.8+0.8 5.0+0.9 5.4+1.1 184.68 <0.001
HDL-C( mmol/L) 1.5+0.3 1.4+£0.3 1.3+0.3 1.2+£0.3 212.21 <0.001
LDL-C( mmol/L) 2.6+0.6 2.8+0.6 3.1+0.7 3.2+0.7 192.68 <0.001
=Bt H ¥ (mg/dL) 59.7£11.9 89.0+£12.4 128.0+20.5 271.0+18.6 35652.75 <0.001
ALT(U/L) 17.2+11.7 18.8+19.3 20.5+27.6 23.8+14.2 22.79 <0.001
AST(U/L) 25.0+9.2 25.5+17.0 25.8+18.0 26.9+9.9 3.62 0.013
il LT ( wmol /L) 64.3+13.7 66.1+18.6 66.7+15.8 68.7+17.9 12.83 <0.001
41 (X 10°/L) 5.4+1.5 5.7+1.6 5.9:1.6 6.2+1.6 46.42 <0.001
FEEIRIT LB %) ] 82 (7.5) 117 (10.8) 165 (15.0) 262(24.4) 143.16 <0.001
®2 PEFEMEEER LB baPWV 50 R %
Tab. 2 'Univariah'e and' multiva'riate generalized linear r ELEHEP 1=0.323
regression analysis of influencing factors of baPWV

- R 5T ZHET z 161

= B (95%CI) P B(95%CI) P 2
IE 0.15(0.14~0.16)  <0.001  0.08(0.07~0.09) <0.001 £14-
4 0.92(0.73~1.11)  <0.001 =
BMI 0.10(0.07~0.13)  <0.001 -0.08(-0.11~-0.06) <0.001
W 0.11(0.10~0.11)  <0.001 0.080(0.076~0.084) <0.001 12;;, , , , ,
SpaE 0.14(0.13~0.15)  <0.001 6 3 10 12
HDL-C -0.03(-0.33~0.26)  0.822 TyG 8%k
LDLC 0.88(0.74~1.01)  <0.001
ALT 0.005(-0.001-0.009) 0.067 VSR AR baPWV AL, BB R 4 959% CI
AST 0.022(0.013-0.029) - <0.001 HURKETE T 4EI BMIIKCA I JILRF W FESATT 14T
[TZHJ].P‘[I 0.04(0.03~0.05)  <0.001  0.009(0.005~0.013) <0.001 B BRI e b A TyG JeR
[ IR YT 3.28(3.02~3.54)  <0.001 0.66(0.46~0.85)  <0.001 (FELERIASBE) 5 baPWV {5 I KL 760
v 0.22(0.16-0.28)  <0.001  0.09(0.05~0.13)  <0.001 ) SRS & AR _
T Fig. 1 Regression model of TyG index (continuous variable) and
.TyG <8.19 s s baPWYV fitted by restricted cubic spline model

8.19<TyG=<8.55 0.39(0.13~0.66) 0.004 0.11(-0.07~0.29)  0.246

8.55<TyG=<8.99 0.90(0.63~1.17)  <0.001 0.41(0.23~0.59)  <0.001

TyG>8.99 1.86(1.60~2.13)  <0.001 0.97(0.78~1.16)  <0.001

TE:ZHER P EICT 0.10 ARG HERR 2 R I RORRGE

£ 3 TyC 8%0E T F ALY baPWV HYFZIR

Tab. 3 Impact of TyG index on baPWV through white blood cells
BB IR lia) RO .
Zey — = Lo AL T RTEAME(%)
B(95%CI) PH B(95%CI) P Y B(95%CI) PH
Q1 ZHRAH S Z Z iR
Q2 0.14(-0.02~0.29) 0.126 0.12(-0.06~0.31) 0.240 0.02(0.01~0.04) <0.001 14.4
Q3 0.44(0.27~0.62) <0.001 0.41(0.23~0.58) <0.001 0.03(0.02~0.05) <0.001 7.2
Q4 1.00(0.83~1.15) <0.001 0.95(0.76~1.09) <0.001 0.06(0.03~0.09) <0.001 5.5
304 i XRECUREBE ™ O e 2 T PR s 3l ik
Y TE

AWFFER FE RN IR 535h

BRBEALARSE . TyG

FEHECS baPWV MR IR G, RAEF 7340 = T TyG

FERE baPWV ARSI

BEAERFSE R TyG 45505 18 T3 pkas k™ 4t

HOREREAL % M1, Chen 21 % 2013 2 2014 4
FEERMEFRWAN 1419 1S 55008307
TREWTIRT AT, 7E 196 44 (13.8% ) W58 X% 4 ANl 2]
Iz R ESKE . TyG 883 in— A7, T
e 3 KA AL B L AR 4 41% . Pan
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OGN 3169 Bk T NI4T BB ok 7 A A R
B, TyG 45 K imi B9 A 350 3y fok 5 B 49 5800 3 8
TyG 458 S g ik BEH AU B2 IEAR G (OR=1.22)
ARBTG5 RS X LW SR ZE AT &, AR R 2 AT
FERH baPWV AL B K AEAL o

TR BN g S Lo i L 855 2 [] ) F Gy PR 377 AR
WEFEor TR W TR AHE B A B B9 3 A K 48R
IR 5 9 E SRR G ™, 3 — 25 5 v A B0 43 A7 45 2R
BARRIES S T TyG 15505 baPWV BRI, X Fh
IS LS BRSOV AN RN, 427 TR il G 330 A
PR B JEAE SR, AT -5 Bl kit RERE AL B K 1

ABFAAEIE A2 . B ek TyG 4881
PG IR B T-Be, IR AR IR B bnifis, SR T TyG
FRBRT A 5 50 3R 3l R IR oA H 2R T
o HW, SZ R REWrE T 50 50, REEFHE TyG 48
KON B KAE AL 1) PRAR DG SC 2R, e 28 5k — 20 BA B
FEABEHLA BIERIR o R, AWFFE R LR AE S
T TyG 48505 baPWV FRH I , AT T 22 H s P
FEHE— AU 25 SR T FEE

L5 Lk, AHTE A B TyG 15505 baPWV B £L
PEIEAHSG . RAEF A5 T TyG F8 505 baPWV 1
A
MR T

S 30k
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