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Background and aims: Obesity is an independent risk factor for cardiovascular
disease development. Here, we aimed to examine and compare the predictive
values of three novel obesity indices, lipid accumulation product (LAP), visceral
adiposity index (VAI), and triglyceride-glucose (TyG) index, for cardiovascular
subclinical organ damage.

Methods: A total of 1,773 healthy individuals from the Hanzhong Adolescent
Hypertension Study cohort were enrolled. Anthropometric, biochemical, urinary
albumin-to-creatinine ratio (UACR), brachial-ankle pulse wave velocity (baPWV),
and Cornell voltage-duration product data were collected. Furthermore, the
potential risk factors for subclinical organ damage were investigated, with
particular emphasis on examining the predictive value of the LAP, VAI, and TyG
index for detecting subclinical organ damage.

Results: LAP, VAI, and TyG index exhibited a significant positive association with
baPWV and uACR. However, only LAP and VAl were found to have a positive
correlation with Cornell product. While the three indices did not show an
association with electrocardiographic left ventricular hypertrophy, higher
values of LAP and TyG index were significantly associated with an increased
risk of arterial stiffness and albuminuria. Furthermore, after dividing the
population into quartiles, the fourth quartiles of LAP and TyG index showed a
significant association with arterial stiffness and albuminuria when compared
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with the first quartiles, in both unadjusted and fully adjusted models. Additionally,
the concordance index (C-index) values for LAP, VAI, and TyG index were
reasonably high for arterial stiffness (0.856, 0.856, and 0.857, respectively) and
albuminuria (0.739, 0.737, and 0.746, respectively). Lastly, the analyses of
continuous net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) demonstrated that the TyG index exhibited
significantly higher predictive values for arterial stiffness and albuminuria
compared with LAP and VAL

Conclusion: LAP, VAI, and, especially, TyG index demonstrated utility in
screening cardiovascular subclinical organ damage among Chinese adults in
this community-based sample. These indices have the potential to function as
markers for early detection of cardiovascular disease in otherwise healthy

individuals.

KEYWORDS

lipid accumulation product, visceral adiposity index, triglyceride-glucose index,
albuminuria, arterial stiffness, left ventricular hypertrophy, subclinical organ damage

1 Introduction

Cardiovascular disease is a growing public health burden on the
global population because of its increasing morbidity and mortality
(1). Furthermore, metabolic abnormalities, which are prevalent in
obesity, serve as independent risk factors for cardiovascular disease.
Studies have reported that obesity at any time in life is
independently associated with increased albuminuria risk,
irrespective of obesity-related comorbidities, including
hypertension, dyslipidemia, and impaired glucose tolerance (2, 3).
Moreover, obesity is an established risk factor for developing
arterial stiffness and left ventricular hypertrophy (LVH), which in
turn have been suggested as early detectable measures of
cardiovascular disease and are associated with related long-term
adverse outcomes, such as coronary heart disease, stroke, and
sudden cardiac death (4, 5).

The obesity-related adverse outcomes are not simply concerned
with the extent but also the distribution (6). Previous evidence has
demonstrated that visceral adipose tissue rather than subcutaneous
adipose tissue may play an important role in systemic injuries, such as
those in blood vessels, heart, and kidneys, making it an independent
marker of cardiovascular and metabolic morbidity and mortality (7,
8). Although body mass index (BMI) is a powerful predictor of
obesity, visceral fat accumulation may vary among people with the
same BMI. Waist circumference (WC) is the easiest and the most
common index used for evaluating central obesity in clinical practice,
replacing BMI in the clinical diagnosis of metabolic syndrome (9).
However, WC cannot efficiently distinguish visceral fat from
subcutaneous fat, and subcutaneous fat is a much weaker indicator
of cardiovascular risk (10). Additionally, computed tomography and
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magnetic resonance imaging are the gold methods for evaluating and
quantifying fat distribution and have developed rapidly and tended to
maturely (11, 12). However, they are not routinely applied in clinical
settings and community screening due to their high cost, radiation
exposure, and operation complexity.

Three reliable markers of visceral adiposity were proposed
based on anthropometric and metabolic parameters. First, lipid
accumulation product (LAP) is an index that combines WC and
fasting triglyceride (TG) values (13). LAP has shown potential for
predicting the risk of hypertension, renal function decline, impaired
fasting glucose, and even diabetes and cardiovascular disease, while
outperforming BMI (14-18). Second, visceral adiposity index (VAI)
is a measurement estimated using TG and high-density lipoprotein
cholesterol (HDL-C) levels as well as BMI and WC values (19).
Finally, the triglyceride-glucose (TyG) index is calculated by
incorporating TG and fasting blood glucose (FBG) levels. The
TyG index has exhibited associations with insulin resistance,
arterial stiffness, and cardiovascular disease (20, 21). Previous
studies have primarily focused on evaluating the value of single
surrogate markers of visceral adiposity, such as LAP, VAL and TyG
index, to identify the risk for single cardiovascular subclinical organ
damage and even cardiovascular disease. However, the performance
of all three markers in predicting subclinical organ damage (SOD)
remains unclear.

Therefore, in this study, we conducted a cross-sectional analysis
based on our previously established Hanzhong cohort to investigate
and compare the associations of LAP, VAI, and TyG index with
SOD, including albuminuria, arterial stiffness, and LVH, in Chinese
adults. We further aimed to examine the predictive capacity of the
three indices for SOD in the general population.
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2 Materials and methods

2.1 Study cohort

The study population was derived from the Hanzhong
Adolescent Hypertension Study cohort, established in 1987. A
total of 4,623 children and adolescents were enrolled from 26
rural areas in three towns in Hanzhong City, Shaanxi Province,
China. The ongoing prospective, population-based cohort study
included regular screenings to monitor the development of
cardiovascular risk factors. The study protocol details have been
published elsewhere (22, 23).

Here, we explored the association of LAP, VAL, and TyG index
with the risk of SOD using the cross-sectional analysis of the latest
follow-up data in 2017. The flowchart of the participant selection
process is outlined in Figure S1. A total of 2,780 participants were
followed up in 2017, yielding a response rate of 60.9%. Participants
with missing data on serum or urinary biochemistry (n = 147 and
390, respectively), anthropometric data (n = 29), and brachial-ankle
pulse wave velocity (baPWV) and LVH data (n = 474) or a self-
identified history of coronary heart disease, severe arrhythmia, renal
failure, or stroke (n = 7) were excluded, leaving 1,733 participants
available for our primary analysis.

2.2 Clinical and
anthropometric measurements

Participants completed on-site questionnaires that collected
general information on their smoking habits, alcohol
consumption, physical activity, medical conditions, and
medication history. Physical examinations included body height,
weight, and WC. BMI was calculated as weight (kg) divided by the
square of height (m?). Blood pressure (BP) was measured in the
sitting position using a standard mercury sphygmomanometer. The
average of three BP readings was recorded. The baPWV was
assessed using an automatic arteriosclerosis diagnostic device
(BP-203RPEII; Nihon Colin, Tokyo, Japan). Briefly, four cuffs
were wrapped around the upper arms and ankles of the supine
participants and connected to plethysmographic and oscillometric
pressure sensors. The highest baAPWV value obtained was included
in the analysis. Further details of the baPWV measurement process
have been described previously (24). A routine 12-lead
electrocardiogram (ECG) examination was conducted, as reported
earlier (23), with a paper speed of 25 mm/s and a gain of 10
mm/mV.

2.3 Biochemical assays

Blood samples were acquired in the morning after at least 8 h of
fasting. The blood samples were immediately centrifuged to
separate the serum, which was stored at —80°C. Spot urine
samples were obtained from the first urine in the morning and
frozen at —40°C. Biochemical parameters, including FBG, TG, total
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cholesterol, low-density lipoprotein cholesterol (LDL-C), HDL-C,
creatinine, uric acid, and albumin, were measured as reported
previously (24). The estimated glomerular filtration rate (eGFR)
was calculated as follows: eGFR (mL/min per 1.73 m?) = 175 x
serum creatinine (mg/dL)'*** x age (years) *'”® (x 0.79 for
women) (25). Furthermore, the three visceral adiposity
parameters were calculated using the following formulas (26, 27):
LAP = (WC [cm] — 65 for men [58 for women]) x TG (mmol/L),
TyG index = In (TG [mg/dL] x FBG [mg/dL]/2), VAI for men =
(WC [em]/[39.68 + 1.88 x BMI {kg/mz}]) x (TG [mmol/L]/1.03) x
(1.31/HDL-C [mmol/L]), VAI for women = (WC [cm]/
[36.58 + 1.89 x BMI {kg/m’}]) x (TG [mmol/L]/0.81) x (1.52/
HDL-C [mmol/L]).

2.4 Definitions

Hypertension was defined as systolic blood pressure (SBP) of
>140 mmHg, diastolic blood pressure (DBP) of 290 mmHg, or the
present use of antihypertensive drugs (28). Diabetes was described
as FBG of >7.0 mmol/L, the current use of antidiabetic medication,
or a previous history of diabetes (29). Hyperlipidemia was
considered as the occurrence of hypertriglyceridemia (TG >2.26
mmol/L), hypercholesterolemia (total cholesterol >6.22 mmol/L),
high LDL-C level (24.14 mmol/L), or low HDL-C level (<1.04
mmol/L) (30). Participants were classified as having hyperuricemia
if their serum uric acid levels were >420 pumol/L (in both men and
women) (31). Albuminuria was defined as a urinary albumin-to-
creatinine ratio (uACR) of 230 mg/g (32). Furthermore, increased
baPWYV has been reported to be a good indicator of arterial stiffness
development, with a baPWV value of 21,400 cm/s considered a
high-risk marker (33). ECG is a screening method for LVH,
wherein the Cornell voltage-duration product (“Cornell product”)
is one of the common parameters employed (28). The Cornell
product (mV-ms) is calculated as follows: RaVL + SV3 (with 0.8 mV
added in women) x QRS duration, with a Cornell product of >244
mV-ms indicating ECG-LVH (34).

2.5 Statistical analyses

According to their distribution, continuous variates were
presented as means + standard deviations (SDs) or medians (25"
and 75™ percentiles). Statistically significant differences among
groups were calculated using one-way analysis of variance,
Mann-Whitney U test, Kruskal-Wallis H test, and post-hoc test
as appropriate. Linear trends were tested by the Jonckheere-
Terpstra test. The Spearman correlation coefficient was employed
to analyze the association between two variates. Categorical variates
were expressed as frequencies (n) or percentages (%). The > test
was applied to assess the differences, whereas the linear-by-linear
association test was performed to estimate the linear trends.
Multivariable linear and logistic regression analyses were
conducted to determine the odds ratios (ORs) and 95%
confidence intervals (95% Cls) for the predictive effect of the risk
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factors on SOD, with adjustments for age, sex, SBP, serum
creatinine, physical activity, smoking habit, and alcohol
consumption. Three logistic regression models were constructed
to evaluate the association of LAP, VAI, and TyG index with SOD
risk. After the initial unadjusted analysis, age and sex were used as
adjustment covariates in model 1. Next, SBP, serum creatinine,
physical activity, smoking habit, and alcohol drinking were included
as covariates in model 2. Additionally, all covariates were examined
for multicollinearity before multivariate analysis. We further
conducted subgroup analysis to assess the robustness of the
associations of LAP, VAI, and TyG index with the risk for SOD.
The predictive values of the three indices for SOD were estimated by
calculating their concordance index (C-index) based on the fully
adjusted model. According to this metric, C-index values over 0.7
indicate a good model (35). To further evaluate the discriminative
ability of the indices, we performed pairwise comparisons of the
fully adjusted models with LAP, VAI or TyG index, along with
continuous net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) analyses. Statistical analyses
were conducted using R software 4.2.2 (R Foundation for
Statistical Computing, Vienna, Austria) and SPSS 25.0 (SPSS Inc.,
IL, USA). Statistical significance was set at a two-tailed P value
of <0.05.

10.3389/fendo.2023.1164592

3 Results

3.1 Association of LAP, VAI, and TyG index
with arterial stiffness risk

The characteristics of the participants (n = 1,733) grouped
according to the presence or absence of arterial stiffness are
shown in Table 1. Participants with arterial stiffness (n = 456)
were more likely to be male and displayed higher LAP, VAI, TyG
index, uACR, and Cornell product values than those without
arterial stiffness (P < 0.05). Overall, participants with arterial
stiffness had a more adverse metabolic and cardiovascular risk
profile (Table 1).

In terms of baPWV, LAP, VAL and TyG index values were
positively correlated with baPWV values (P < 0.001 for all). We
further assessed these associations by categorizing the distribution
of the three parameters of visceral adiposity into quartiles
(Figure 1). The values of baPWV in the third and fourth quartiles
of LAP, VAL and TyG index were significantly higher compared
with the first and second quartiles. After adjusting for traditional
cardiovascular risk factors and potential confounders, LAP (OR
[95% CI] = 1.004 [1.001-1.007], P = 0.026) and TyG index (OR
[95% CI] = 1.461 [1.165-1.831], P = 0.001) were independently

TABLE 1 Characteristics of participants categorized by arterial stiffness status in 2017 (n = 1,733).

Characteristics All (n = 1,733) Non-AS (n = 1,277) AS (n = 456) P value
Gender (male, %) 980 (56.55%) 643 (50.35%) 337 (73.90%) <0.001
Age (years) 43 (40-45) 43 (40-45) 44 (41-45) <0.001
Diabetes mellitus (%) 395 (22.79%) 260 (20.36%) 135 (29.61%) <0.001
Hypertension (%) 312 (18.00%) 140 (10.96%) 172 (37.72%) <0.001
Hyperuricemia (%) 89 (5.14%) 49 (3.84%) 40 (8.77%) <0.001
Hyperlipidemia (%) 694 (40.05%) 459 (35.94%) 235 (51.54%) <0.001
Alcohol consumption (%) 509 (29.37%) 332 (26.00%) 177 (38.82%) <0.001
Current smoking (%) 757 (43.68%) 495 (38.76%) 262 (57.46%) <0.001
Obesity indices
BMI (kg/m?) 23.78 (21.85-26.02) 23.38 (21.55-25.43) 24.98 (22.99-26.88) <0.001
WC (cm) 84.20 (78.00-91.40) 82.90 (76.95-89.70) 88.36 + 9.62 <0.001
LAP 29.77 (17.22-50.69) 26.38 (15.63-45.29) 41.35 (23.92-65.66) <0.001
VAI 1.80 (1.17-2.76) 1.68 (1.10-2.57) 2.09 (1.40-3.17) <0.001
TyG index 8.49 (8.14-8.90) 8.42 (8.09-8.80) 8.71 (8.34-9.10) <0.001
Measurement indicators
Heart rate (beats/min) 73 (66-80) 72 (69-79) 75 (69-83) <0.001
SBP (mmHg) 121 (112-131) 117 (110-125) 134 (126-148) <0.001
DBP (mmHg) 76 (69-84) 73 (67-79) 86 (80-94) <0.001
FBG (mmol/L) 4.57 (4.28-4.90) 4.54 (4.26-4.85) 4.65 (4.33-5.06) <0.001
ALT (U/L) 19 (14-27) 18 (13-26) 22 (15-33) <0.001
(Continued)
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Characteristics All (n = 1,733) Non-AS (n AS (n = 456) P value
AST (U/L) 16 (13-20) 16 (13-20) 17 (14-22) <0.001
Total cholesterol (mmol/L) 450 (4.04-5.01) 447 (4.01-4.96) 4.64 (4.17-5.18) <0.001
Triglycerides (mmol/L) 1.34 (0.95-1.94) 1.24 (0.91-1.80) 1.63 (1.15-2.30) <0.001
LDL-C (mmol/L) 246 (2.11-2.84) 2.46 (2.10-2.84) 2.64 £ 0.67 <0.001
HDL-C (mmol/L) 1.15 (0.99-1.33) 1.17 (1.01-1.35) 1.09 (0.96-1.26) <0.001
Serum UA (itmol/L) 279.90 (225.00-336.10) 268.60 (218.85-322.95) 314.19 + 82.01 <0.001
Serum creatinine (tmol/L) 75.60 (66.45-85.90) 73.90 (65.30-84.75) 80.00 (71.13-87.65) <0.001
eGFR (mL/min/1.73m?) 97.76 (87.60-110.77) 98.76 (88.19-111.75) 95.11 (85.48-108.09) 0.006
UACR (mg/g) 845 (5.52-14.72) 7.73 (5.09-12.95) 11.36 (6.85-24.86) <0.001
baPWV (cm/s) 1,263.00 (1,126.00-1415.50) 1,190.00 (1,086.50-1,289.00) 1,543.00 (1,466.00-1,656.50) <0.001
Cornell product (mV-ms) 138.60 (106.62-174.88) 137.50 (106.34-170.74) 149.00 + 59.12 0.014

Non-normally distributed variables are expressed as the median (interquartile range). All other values are expressed as mean + SD or n (%). AS, arterial stiffness; BMI, body mass index; WC, waist
circumference; LAP, lipid accumulation product; VAL visceral adiposity index; TyG index, triglyceride-glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting
blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, urine acid; eGFR,

estimated glomerular filtration rate; uACR, urine albumin-to creatinine ratio.
Statistically values are presented in bold.

associated with a higher risk for arterial stiffness (Table 2).
Furthermore, the prevalence of arterial stiffness was significantly
positive with the quartile of LAP, VAT, and TyG index (P < 0.001).
As presented in Table 3, the third and fourth quartiles of LAP, VAI,
and TyG index demonstrated notable associations with the presence
of arterial stiffness, both before and after adjusting for age and sex,
when compared with the first quartiles (model 1). After further
adjustment (model 2), the fourth quartiles of LAP, VAL and TyG
index retained their high predictive values for the presence of
arterial stiffness compared with the corresponding first quartiles
(OR [95% CI] = 1.538 [1.032-2.291], P = 0.034; OR [95% CI] =
1.639 [1.111-2.417], P = 0.013; and OR [95% CI] = 1.778 [1.192-
2.653], P = 0.005, respectively).

In addition, the adjusted ORs for arterial stiffness associated
with LAP, VAI, and TyG index according to the various subgroups
are shown in Figure 2. LAP, VAL and TyG index had better
predictive values for arterial stiffness risk in men than in women.
Moreover, the relationship between TyG index and the risk of
arterial stiffness was consistently observed across all BMI groups,
regardless of the presence of cardiometabolic risk factors (diabetes

and hypertension) and drug medication (antihypertensive,
hypoglycemic, and lipid-lowering drugs).

LAP, VAJ, and TyG index had considerable discriminative and
calibrating abilities for predicting arterial stiffness, with individual
C-index values of 0.856, 0.856, and 0.857, respectively (all P <
0.001). According to the IDI analysis, replacing LAP or VAI with
the TyG index improved the risk prediction in the fully adjusted
model (TyG index vs. LAP: IDI [95% CI] = 0.003 [-0.0001 to 0.005],
P =0.038; VAI vs. TyG index: IDI [95% CI] = —0.003 [-0.006 to
0.0005], P=0.019). However, continuous NRI analysis did not show
any significant improvement in the prediction (Table 4).

3.2 Association of LAP, VAI, and TyG index
with albuminuria risk

A total of 184 individuals had albuminuria, and with a uACR
value of 63.05 (38.77-138.60) mg/g (Table S1). Furthermore,
participants with albuminuria had higher LAP, VAL TyG index,
heart rate, SBP, DBP, FBG, TG, baPWV, and Cornell product values

3000 Pror treng <0.001 30007 Pror trena <0.001 3000 Plor yreng <0.001
*# *H& *# *# *# #H8
= : : = i ¥ = : i ?
2 : . 1 @2 b s @2 H P
£ 2000 ; N £ 2000 N £ 2000 . :
A=A 2. &
> >
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T y 0 1000 . 1000 7
el Qo Q
0 T T T T 0 T T T T 0 T T T T
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
LAP Quartile VAI Quartile TyG index Quartile
FIGURE 1

The distributions of the brachial-ankle pulse wave velocity (baPWV) values among the quartile (Q) groups according to the lipid accumulation
product (LAP), visceral adiposity index (VAI), and triglyceride-glucose (TyG) index. *P < 0.05 compared with the Q1 group; “P < 0.05 compared with

the Q2 group; P < 0.05 compared with the Q3 group.
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TABLE 2 Associations between various characteristics and subclinical organ damage in 2017 (n=1,733).

Arterial stiffness

OR (95% Cl)

Albuminuria

OR (95% Cl)

10.3389/fendo.2023.1164592

ECG-LVH

OR (95% Cl)

Gender (male, %) 1.888 (1.241-2.872) 0.003 0.401 (0.228-0.706) 0.002 0.292 (0.160-0.531) <0.001
Age (years) 1.065 (1.019-1.113) 0.005 0.926 (0.878-0.977) 0.005 0.958 (0.908-1.011) 0.120
Current smoking (%) 0.942 (0.655-1.354) 0.746 1.673 (0.970-2.866) 0.064 1.179 (0.647-1.721) 0591
Alcohol consumption (%) 1.069 (0.783-1.460) 0.673 0.604 (0.389-0.939) 0.025 1.061 (0.654-1.721) 0.811
BMI (kg/m?) 0.976 (0.933-1.022) 0.299 1.097 (1.043-1.155) <0.001 1.041 (0.986-1.099) 0.145
WC (cm) 1.000 (0.985-1.015) 0.988 1.033 (1.014-1.052) 0.001 1.015 (0.996-1.034) 0.129
SBP (mmHg) 1.106 (1.094-1.119) <0.001 1.051 (1.042-1.061) <0.001 1.019 (1.009-1.028) <0.001
Heart rate (bpm/s) 1.033 (1.019-1.046) <0.001 1.025 (1.010-1.041) 0.001 0.984 (0.967-1.001) 0.059
ALT (U/L) 1.008 (0.999-1.018) 0.083 1.014 (1.003-1.025) 0.011 1.010 (0.998-1.022) 0.108
Serum UA (itmol/L) 0.449 (0.068-2.951) 0.040 1.001 (0.998-1.003) 0588 1.002 (1.000-1.005) 0.088
Serum creatinine (mol/L) 1.005 (0.994-1.016) 0355 1.002 (0.989-1.014) 0.787 0.986 (0.973-1.000) 0.055
FBG (mmol/L) 1.094 (0.997-1.200) 0.058 1.415 (1.275-1.571) <0.001 1.041 (0.923-1.175) 0510
Triglycerides (mmol/L) 1.136 (1.029-1.254) 0.011 1.160 (1.041-1.292) 0.007 1.006 (0.864-1.172) 0.935
Total cholesterol (mmol/L) 1.188 (1.004-1.406) 0.045 1.089 (0.890-1.333) 0.407 0.990 (0.804-1.220) 0.928
LDL-C (mmol/L) 1.182 (0.957-1.460) 0.121 0.964 (0.741-1.255) 0.786 1.029 (0.786-1.345) 0.837
HDL-C (mmol/L) 0.902 (0.524-1.550) 0.708 0.651(0.328-1.292) 0219 0.984 (0.510-1.901) 0.963
LAP 1.004 (1.001-1.007) 0.026 1.006 (1.003-1.010) <0.001 1.002 (0.998-1.006) 0337
VAI 1.047 (0.998-1.099) 0.062 1.068 (1.015-1.124) 0.012 1.010 (0.943-1.082) 0.768
TyG index 1.461 (1.165-1.831) 0.001 1.861(1.427-2.426) <0.001 1.011 (0.757-1.350) 0.940

Models were adjusted for age, sex, smoking, alcohol consumption, physical activity, SBP, and serum creatinine. OR, odds ratio; 95% CI, 95% confidence intervals; ECG-LVH, electrocardiogram-
left ventricular hypertrophy; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; ALT, alanine aminotransferase; UA, urine acid; FBG, fasting blood glucose; LDL-C,

low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LAP, lipid accumulation product; VAL visceral adiposity index; TyG index, triglyceride-glucose index.

Statistically values are presented in bold.

and higher proportion of hypertension than those without
albuminuria (P <0.05).

LAP, VAI and TyG index demonstrated significant positive
correlations with uACR value (all P < 0.001). As shown in Figure 3,
the fourth quartiles of LAP, VAI, and TyG index exhibited
significantly higher uACRs than the first quartiles (P < 0.05).
Additionally, LAP (OR [95% CI] = 1.006 [1.003-1.010], P <
0.001), VAI (OR [95% CI] = 1.068 [1.015-1.124], P = 0.012), and
TyG index (OR [95% CI] = 1.861 [1.427-2.426], P < 0.001) were
independently associated with a higher risk for albuminuria, after
adjusting for age, sex, SBP, serum creatinine, physical activity,
smoking habit, and alcohol consumption (Table 2). Moreover, the
high predictive values of the fourth quartiles of LAP and TyG index
for the presence of albuminuria were maintained when compared
with the first quartiles of LAP and TyG index (OR [95% CI] =1.889
[1.143-3.122], P = 0.013; OR [95% CI] = 2.091 [1.302-3.357], P =
0.002), respectively, after full adjustment (Table 3).

Further examination of albuminuria risk by the three indices
according to the various subgroups demonstrated results similar to
those for arterial stiffness (Figure S2). In all subgroups, the
relationship between TyG index and albuminuria risk was
significantly stronger than that between LAP and VAI and the
risk of albuminuria (P < 0.05 for both).

Frontiers in Endocrinology

As displayed in Table 4, further predictive performance
evaluation revealed that LAP, VAL and TyG index had C-index
values of 0.739, 0.737, and 0.746 (all P < 0.001), respectively,
indicating good discrimination by all three indices. Based on the
IDI analysis, the TyG index significantly improved the
discrimination of albuminuria risk (TyG index vs. LAP: IDI [95%
CI] = 0.006 [0.0002-0.013], P = 0.043 and VAI vs. TyG index: IDI
[95% CI] = —0.015 [-0.022 to —0.007], P < 0.001). Furthermore,
continuous NRI analysis revealed that the TyG index significantly
improved the discrimination of albuminuria risk compared
with VAL

3.3 Association of LAP, VAI, and TyG index
with LVH risk

The characteristics of participants with and without ECG-LVH
are presented in Table S2, with a median Cornell product value of
136.56 mV-ms (without ECG-LVG) and 280.24 mV-ms (with ECG-
LVG). Participants with ECG-LVH (n = 84) had a higher
prevalence of hypertension and higher BMI, WC, SBP, DBP, and
uACR values than those without ECG-LVH (P < 0.05). However,
LAP, VAL and TyG index values were not significantly different
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TABLE 3 Association between various characteristics and arterial stiffness and albuminuria by multiple logistic regression analysis.

Arterial stiffness

Odds ratios (95% confidence interval)

Albuminuria

Odds ratios (95% confidence interval)

Unadjusted Model 1 Model 2 Unadjusted Model 1 Model 2
LAP
Quartile 66 1 (reference) 1 (reference) 1 (reference) 28 1 (reference) 1 (reference) 1 (reference)
1 (14.5%) (15.2%)
Quartile 89 1.439 (1.013- 1.536 (1.072- 1.163 (0.768- 39 1.432 (0.864- 1.392 (0.839- 1.206 (0.712-
2 (19.5%) 2.043)*t 2.200)# 1.761) (21.2%) 2.372) 2.311) 2.044)
Quartile 128 2.326 (1.666- 2.235 (1.589- 1.284 (0.859- 44 1.632 (0.996- 1.713 (1.043- 1.210 (0.715-
3 (28.1%) 3.247)* 3.143)* 1.920) (23.9%) 2.674) 2.813)” 2.049)
Quartile 173 3.700 (2.673- 3.424 (2.455- 1.538 (1.032- 73 2.933 (1.855- 3.204 (2.015- 1.889 (1.143-
4 (37.9%) 5.121)* 4.776)* 2.291)” (39.7%) 4.638)* 5.096)* 3.122)”
P for <0.001 <0.001 <0.001 0.015 <0.001 <0.001 <0.001 0.017
trend
VAI
Quartile 77 1 (reference) 1 (reference) 1 (reference) 31 1 (reference) 1 (reference) 1 (reference)
1 (16.9%) (16.8%)
Quartile 99 1.370 (0.982- 1.483 (1.052- 1.330 (0.889- 39 1.284 (0.785- 1.255 (0.766- 1.018 (0.607-
2 (21.7%) 1.912) 2.089)# 1.991) (21.2%) 2.099) 2.054) 1.706)
Quartile 129 1.955 (1.419- 2.079 (1.494- 1.469 (0.990- 48 1.613 (1.005- 1.607 (1.001- 1.179 (0.715-
3 (28.3%) 2.696)* 2.892)* 2.181) (26.1%) 2.587)*r 2.581)# 1.943)
Quartile 151 2.476 (1.805- 2.604 (1.881- 1.639 (1.111- 66 2.332 (1.488- 2.352 (1.499- 1.555 (0.966-
4 (33.1%) 3.395)* 3.604)* 2.417) (35.9%) 3.656)* 3.691) 2.505)
P for <0.001 <0.001 <0.001 0.079 <0.001 <0.001 <0.001 0.093
trend
TyG index
Quartile 70 1 (reference) 1 (reference) 1 (reference) 34 1 (reference) 1 (reference) 1 (reference)
1 (15.4%) (18.5%)
Quartile 79 1.157 (0.813- 1.084 (0.756- 1.011 (0.659- 35 1.032 (0.631- 1.074 (0.655- 1.023 (0.610-
2 (17.3%) 1.648) 1.555) 1.550) (19.0%) 1.688) 1.759) 1.717)
Quartile 132 2.267 (1.634- 1.877 (1.340- 1.401 (0.938- 40 1.191 (0.739- 1.368 (0.842- 1.090 (0.652-
3 (28.9%) 3.145)* 2.629)* 2.094) (21.7%) 1.921) 2.224) 1.820)
Quartile 175 3.517 (2.555- 2.901 (2.083- 1.778 (1.192- 75 2.459 (1.600- 2.929 (1.876- 2.091 (1.302-
4 (38.4%) 4.843)* 4.040)* 2.653)” (40.8%) 3.778)* 4.573)* 3.357)”
P for <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001
trend

Logistic regression analyses were used to test the risk of albuminuria, model 1 adjusted for age and sex; model 2 is model 1 further plus exercise, smoking, alcohol consumption. SBP, serum
creatinine. *P < 0.001; #P<0.05. SBP, systolic blood pressure; LAP, lipid accumulation product; VAI, visceral adiposity index; TyG index, triglyceride-glucose index.

Statistically values are presented in bold.

between the two groups. In addition, LAP and VAI values were
positively correlated with Cornell product (P < 0.05 for both), but
these associations were not detected when the LAP and VAI index
values were divided into quartiles (Figure S3).

4 Discussion

In this study, we found that elevated values of LAP, VAI and
TyG index were independently associated with a higher risk of
arterial stiffness and albuminuria but not with the risk of ECG-
LVH. Additionally, the TyG index exhibited superior performance
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in identifying arterial stiffness and albuminuria compared with the
other two indices. Thus, our findings suggest that these three
markers of visceral adiposity, especially the TyG index, may serve
as simple and noninvasive indicators to predict cardiovascular SOD
in clinical practice.

Prior literature has suggested that the novel parameters of visceral
adiposity, namely, LAP, VAI and TyG index, are associated with
baPWV. In a study involving Chinese hypertensive patients with a
mean age of 64.42 years, a positive association was found between
LAP and elevated baPWV (>75" percentile) (36). Another study
reported that older Chinese participants (>60 years) in the higher
VAL tertiles had a higher odds ratio (OR) for arterial stiffness (defined

frontiersin.org


https://doi.org/10.3389/fendo.2023.1164592
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Du et al. 10.3389/fendo.2023.1164592

Subgroup N LAP VAl TyG index
Odds Ratio (95 %Cl) P Value Odds Ratio (95 %Cl) P Value Odds Ratio (95 %Cl) P Value

Sex

Male 980 1.004 (1.001-1.008) - 0.012 1.046 (0.989-1.105) ™" 0115  1.722(1.311-2.262) - <0.001

Female 753 0.999 (0.991-1.006) e 0.734 1.035(0.938-1.142) " |® 0.489 0.942(0.615-1.441) &+ 0.781
Body mass index,kg/m*

<24 926 1.007 (0.999-1.014) [ 0.095 1.047 (0.966-1.134) =~ 0.263 1.474 (1.043-2.083) - 0.028

24-28 623 1.003 (0.998-1.008) - 0.176 1.037 (0.961-1.117) - 0.349 1.486 (1.009-2.189) L 0.045

228 184 1.007 (1.000-1.014) [= 0.059 1.128 (0.979-1.301) T 0.096 1.962 (1.033-3.729) L 0.040
Diabetes

No 1338 1.004 (1.000-1.007) il 0.05 1.049 (0.993-1.107) [ 0.086 1.424 (1.088-1.864) - 0.01

Yes 395 1.004 (0.997-1.011) = 0.273 1.034 (0.929-1.152) (= 0.538 1.585 (1.029-2.442) |- 0.037
Dyslipidemia

No 1039 1.007 (0.996-1.018) I 0.219 1.177 (0.876-1.581) - 0.281 1.430 (0.907-2.257) - 0.124

Yes 694 1.002 (0.998-1.006) - 0.345 1.022 (0.962-1.087) -~ 0.474 1.391 (0.994-1.948) L 0.054
Hypertension

No 1421 1.301 (0.998-1.006) Ll 0.301 1.029 (0.974-1.087)  fm- 0.315 1.361 (1.053-1.759) |mi 0.018

Yes 312 1.010 (1.001-1.018) - 0.021 1.193 (1.005-1.417) - 0.044 1.976 (1.138-3.431) . 0.016
Drug medication*

No 1663 1.003 (0.999-1.006) - 0.149 1.033 (0.981-1.089) fm- 0.215 1.318 (1.037-1.675) = 0.024

Yes 70 1.016 (0.997-1.035) - + 0103 1.438 (0.962-2.151) - 0.077 4.890 (1.367-17.489) b - 0.015
Overall 1733 1.004 (1.000-1.007) [= 0.026 1.047 (0.998-1.099) fm: 0.062 1.461 (1.165-1.831) - 0.001

0.98 1000 1020 1.010

0.800 1.000 1.200 1.400 1.600 0.000 2,000 4.000 6.000

* Antihypertensive, hypoglycemic and lipid-lowering drugs are included.

FIGURE 2

Forest plots of odds ratios (ORs) for the lipid accumulation product (LAP), visceral adiposity index (VAI), and triglyceride-glucose (TyG) index and risk
of arterial stiffness after adjustment. The adjustment model includes age, sex, SBP, serum creatinine, physical activity, smoking and alcohol
consumption in participants stratified by sex, body mass index, diabetes, dyslipidemia, hypertension, and drug medication. Values are the ORs (95%

confidence intervals [95% Cls]).

as baPWV >1,400 cm/s) compared with those in the lowest VAI
tertile (37). In the Kailuan study, a significant dose-response
relationship between the TyG index and the risk of arterial
stiffness, measured by baPWV, was observed (38). However, the
comparative predictive capabilities of LAP, VAI, and TyG index for
arterial stiffness in the general population remain unclear. Our study
revealed that all high quartiles of LAP, VAL and TyG index were
significantly associated with an increased risk of arterial stiffness after
adjusting for confounding factors. Furthermore, our findings
demonstrated that the TyG index outperformed the other two
indices in all subgroup analyses. Therefore, our results indicate that
the three parameters, especially the TyG index, possess considerable
potential as simple and effective markers for identifying individuals
with a high risk of vascular dysfunction.

Our study is the first to evaluate and compare the associations
between all three parameters, namely, LAP, VAL and TyG index,
and albuminuria in the general Chinese population. Although

previous studies have shown strong associations between obesity-
related indices and chronic kidney disease (39), the findings are
inconsistent. A cohort study involving 1,872 patients with type 2
diabetes reported a higher risk of albuminuria associated with
elevated LAP, VAL, and TyG index (40). However, a community
cohort study of 3,868 participants followed up for over 3.1 years
revealed that albuminuria incidence increased proportionally with
TyG index quartiles, but the TyG index itself was not identified as
an independent risk factor for albuminuria (41). In our study, LAP,
VAI and TyG index were independently associated with an
increased risk of albuminuria. Furthermore, our findings indicate
that the TyG index outperformed the other two indices in all
subgroup analyses, regardless of the presence of cardiometabolic
risk factors and drug medication.

Albuminuria is a systemic vascular disturbance that is
potentially associated with increased cardiovascular morbidity
and mortality in obese individuals (42). The distribution of fat in

TABLE 4 The incremental predictive value of LAP, VAI, and TyG index the for subclinical organ damage in 2017 (n=1,733).

C-index (95%Cl)

Continuous NRI (95%

IDI (95% Cl)

Cl)

Arterial stiffness

LAP 0.856 (0.837-0.875) 0.983* 0.042 (0.016-0.067) * 0.051* 0.006 (-0.0007 to 0.002) * 0.346*
VAI 0.856 (0.836-0.875) 0.916" -0.037 (-0.094 to 0.024) * 0.087" -0.003 (-0.006 to 0.0005) * 0.019”
TyG index 0.857 (0.838-0.876) 0.941¢ 0.018 (-0.035 to 0.070) ¢ 0.486% 0.003 (-0.0001 to 0.005) 0.038%
Albuminuria

LAP 0.739 (0.698-0.781) 0.946* 0.103 (0.037-0.176) * 0.021* 0.008 (-0.000 to -0.014) * 0.001*
VAI 0.737 (0.696-0.778) 0.759" -0.109 (-0.211 to 0.000) * 0.039" -0.015 (-0.022 to -0.007) * <0.001%
TyG index 0.746 (0.706-0.787) 0.811¢ 0.005 (-0.091 to 0.097) ¢ 0.902% 0.006 (0.0002-0.013) ¢ 0.043%

Models were adjusted for age, sex, smoking, alcohol consumption, physical activity, systolic blood pressure, and serum creatinine. *vs. VAL *vs. TyG index, %vs. LAP. 95% CI, 95% confidence
intervals; C-index, concordance index; NRI, net reclassification improvement; IDI, integrated discrimination improvement; LAP, lipid accumulation product; VAL, visceral adiposity index; TyG

index, triglyceride-glucose index.
Statistically values are presented in bold.
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FIGURE 3

The distributions of the urinary albumin-to-creatinine ratio (WUACR) values among the quartile (Q) groups according to the lipid accumulation product
(LAP), visceral adiposity index (VAI), and triglyceride-glucose (TyG) index. *P < 0.05 compared with the Q1 group; *P < 0.05 compared with the Q2

group; &P < 0.05 compared with the Q3 group.

the body may influence the health of arteries and kidneys (43). In
particular, visceral adipose tissue can regulate pro-inflammatory
cytokines, such as interleukin 6, and reduce the production of
adiponectin, a cardiovascular protective protein. This contributes to
inflammation, oxidative stress, insulin resistance, and podocyte
dysfunction. These alterations can result in arterial stiffness,
albuminuria, and other cardiovascular risks (44, 45). Additionally,
excessive fat infiltration in the kidneys can further worsen renal
damage (46).

Visceral adiposity can also influence cardiac remodeling via
underlying mechanisms described above. A cohort study of 229
participants with suspected metabolic syndrome aged 56.4 + 4.5
years demonstrated that visceral obesity, but not central obesity
measured by WC, was independently associated with structural and
functional cardiac remodeling (47). However, our current study of
the general population, with a mean age of 43 (40-45) years, did not
find any association between adiposity indices (LAP, VAL and TyG
index) and ECG-LVH. It would be necessary to observe long-term
cardiac structural changes, since a large number of older individuals
in the outcome group of the general population could help clarify the
association between obesity indices and subclinical heart damage.
However, we did confirm the findings of a previous investigation
reporting an association between obesity phenotypes and LVH (48).
Obesity is increasingly recognized as a heterogeneous condition with
a cluster of metabolic derangements postulated to explain its
association with cardiovascular organ dysfunction (27, 46).
Therefore, we hypothesize that visceral adipose tissue and ectopic
fat depots may play a significant role in the prevalence and
progression of SOD.

The main advantages of this study were that it explored and
compared the associations between three obesity-related indices
and SOD in a general Chinese population. Additionally, the study
aimed to investigate a wide range of subclinical organ outcomes,
including blood vessels, kidneys, and the heart, instead of focusing
on just one aspect. This comprehensive approach allows for a
holistic evaluation of the cardiovascular high-risk group within
this population. Furthermore, SOD outcomes were collected by a
panel of physicians using detailed evaluation criteria, and the
standardized data collection protocols and rigorous quality
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control. Nonetheless, some limitations merit consideration. First,
our study was a cross-sectional analysis; therefore, a causal
relationship between the three obesity indices and SOD outcomes
could not be established. Second, the formula to calculate LAP was
obtained by Kahn based on the data of the National Nutrition
Survey of the United States (13). The parameter settings are
accordingly derived from the Western population. Therefore, the
formula’s applicability to the Chinese population requires further
exploration. Similar validations are necessary for VAI and TyG
index as well. Notably, there is growing evidence of the value of the
three markers in East Asians. Third, our study results should be
confirmed by epidemiological data from other regions and
larger populations.

In conclusion, LAP, VAI, and particularly TyG index can
help identify SOD in clinical settings and stratify the high-risk
group requiring early prevention strategies. Individuals with a
higher TyG index have an elevated risk for vascular failure and
early kidney damage in Chinese Han adults. These findings will
help implement early detection approaches and preventive
measures against cardiovascular SOD progression and adverse
cardiovascular outcomes.
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