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Introduction: Lipid accumulation product (LAP), calculated from waist circumference
(WC) and triglycerides (TG), is a novel index that correlates cardiovascular disease. We
aimed to investigate the relationship between LAP and target organ damage (TOD) in elderly
Chinese community-dwelling individuals.

Materials and Methods: We enrolled 3363 participants whose age was >65 years old.
TOD, including left ventricular hypertrophy (LVH), arterial stiffness (AS), lower extremity
atherosclerotic (LEA), micro-albuminuria (MAU) and chronic kidney disease (CKD), was
measured using standard methods. LAP was calculated as (WC-65) x TG in men and (WC—
58) x TG in women. Both quartiles and continuation of LAP were analyzed.

Results: Age-sex adjusted partial correlation analysis showed that LAP was significantly
associated with CVD risk factors. With the first quartile (Q1) as a reference, in univariate
logistic regression, the fourth quartile (Q4) of LAP was associated with all TOD. In multi-
variate model, Q4 of LAP was only associated with an increased risk of AS (odds ratio (OR)
= 1.88, 95% confidence interval (CI): 1.37-2.58, Py, 4eng< 0.001), MAU (OR = 1.33, 95%
CI: 1.01-1.75, Pfo rena= 0.02) and CKD (OR = 2.39, 95% CI: 1.39-4.12, Py, yeng< 0.001).
But, Q4 of LAP was not associated with an increased risk of LVH (OR = 1.19, 95% CI:
0.85-1.65, Py, rena= 0.25) or LEA (OR = 0.87, 95% CI: 0.58-1.29, Py, ena= 0.96). Similar
associations were found when analyzed continuously.

Conclusion: The novel metabolic parameter LAP is significantly and independently asso-
ciated with an increased risk of arterial stiffness, chronic kidney disease and micro-
albuminuria in Chinese community-dwelling elderly individuals.
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Introduction

Obesity indicates the accumulation of body fat, which is closely related to health
and strongly associated with cardiovascular disease (CVD). Meanwhile, body fat
can accumulate either as subcutanecous adipose tissue (SAT) or visceral adipose
tissue (VAT). Studies have shown that VAT rather than SAT was more closely
correlated with CVD."? Therefore, measurement of obesity plays an important role
in management of CVD. Hitherto, several indexes have been proposed and routi-
nely used, including body mass index (BMI, kg/m?) and waist circumference (WC).
But neither could distinguish accumulation of VAT from SAT.> Computed tomo-
graphy (CT)* and magnetic resonance imaging (MRI)’ are the gold standard for
measuring visceral fat, but they are inconvenient and expensive. Thus, lipid

Received: 20 July 2021
Accepted: 19 September 2021
Published: 2 October 2021

Clinical Interventions in Aging 2021:16 1769-1776 1769
© 2021 Thao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-3924-9535
mailto:yizshcn@gmail.com
mailto:xuyawei@tongji.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Zhao et al

Dove

accumulation product (LAP)—a metabolic index combining
WC and triacylglycerol (TG)-has been suggested as
a marker of central lipid accumulation.®®

Kahn first described LAP as better than BMI for recog-
nizing cardiovascular risk.*” LAP has been proven to be

10712 55 well as

a powerful marker of metabolic syndrome,
a predictor of diabetes.>'® Studies showed that LAP was
higher in patients with diabetes’ and closely related to
insulin resistance and glucose metabolic disorder.®!'
Following studies revealed the association of LAP with
all-cause mortality in patients with high cardiovascular
risk.'” Based on current evidence, LAP may play a role
in evaluating body fat and is a powerful predictor of CVD.

Among various risk factors, several studies have
proved that obesity predisposes TOD.''® As a novel
and effective measure of obesity, LAP has been proven
to be associated with TOD-like renal impairment.'
Nevertheless, studies concerning the application of the
LAP to target organ damage (TOD) are very limited.
Therefore, we aim to investigate the association between
LAP and TOD in our large Chinese community-dwelling
elderly individuals, in order to regard the LAP application

in elderly population.

Materials and Methods

Participants

Northern Shanghai Study (NSS) was signed at
ClinicalTrials.gov (Identifier: NCT02368938). The pro-
tocol of NSS had been published previously.”® We ran-
domly selected 10 neighborhoods in the northern region
of Shanghai (Zhabei district and Putuo district) by com-
puter-generated list of communities. The recruitment
strategies include: (1) posting study recruitment files in
the neighborhood committees and community hospitals;
(2) according to the health file, community hospitals
recruit the potential participants by telephone; (3) hand
out recruitment flyers directly to the potential partici-
pants. When individuals express their intentions in parti-
cipating in the study, the individual will be adequately
informed, and they will sign the consent form. We
included participants who met the following criteria. (1)
Age more than 65 years old; (2) Residents of Shanghai in
northern urban communities and (3) Informed consent
was signed and long-term follow-up can be performed.
The exclusion criteria were follows: (1) Class IV of
New York Heart Association (NYHA) functional or
class 5 of CKD; (2) A malignant tumor; (3) Stroke

history in the previous 3 months. 3590 residents were
invited to participate, and 3363 (93.7%) participants who
agreed to participate in the
June 2014 to August 2019.

study enrolled from

Social, Clinical, and Biological Parameters
All participants received standard questionnaires to collect
relevant information, such as gender, age, education level,
smoking habits, drinking habits, history of hypertension,
history of diabetes, history of CVD and so on. Physical
examination was completed by professionals. Body height
and body weight are measured by disrobe, removing shoes
and standing straight. A flexible rule was used to measure
WC and hipline. BMI was computed by dividing body
weight (kg) by the squared body height (m?). After 5
minutes rests, blood pressure was measured three times
by a semiautomatic oscillometric device (Omron, Japan) at
2-minute intervals, and the average of the three measure-
ments was calculated. Hypertension is defined by the
average blood pressure at which systolic and/or diastolic
blood pressure (SBP/DBP) is greater than 140/90 mmHg.
The subjects with the current use of antihypertensive med-
ication are also defined as Hypertension. Venous blood
samples were obtained after an overnight fast. Morning
spot urine sample was obtained from morning urine. All
samples were analyzed in the Department of Laboratory
Medicine of Shanghai Tenth People's Hospital by profes-
sional technicians. LAP was computed as (WC [cm]-65)
x (TG [mmol/L]) in men, or (WC [cm]-58) X TG [mmol/
L]) in women.

Measurement and Definition of TOD

We used MyLab 30 CV machine (ESAOTE SPA) to per-
form cardiac ultrasonography. Both left ventricular inter-
nal diameter (LVIDd), septal (SWTd) and posterior wall
thickness at the end diastole (PWTd) were measured,
respectively. The formula, 0.8 x {1.04 x [(LVIDd +
PWTd + SWTd)*~(LVIDd)’] + 0.6, was used to calculated
left ventricular mass (LVM). Left ventricular hypertrophy
(LVH) was defined as LVMI>115 g/m® for men or
LVMI>95 g/m? for women.

Applanation tonometry (SphygmoCor, AtCor Medical,
Sydney, Australia) was used to measure carotid-femoral
pulse wave velocity (cf-PWV) after rest at least 10 min-
utes. Arterial (AS) was defined as cf-
PWV>10m/s.

Ankle-brachial index (ABI) was automatically calcu-
lated by a VP1000 system (Omron, Kyoto, Japan) after

stiffness
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rest for at least 10 minutes. Lower extremity atherosclero-
tic (LEA) was defined as ABI<0.9.

Blood and urine samples were examined in the center
of Shanghai
Microalbuminuria (MAU) was defined as urinary albumin-
to-creatinine ratio (UACR)>30 mg/g. Modification of Diet
in Renal Disease formula was used to compute estimated
glomerular filtration rate (eGFR).?' CKD was defined as
eGFR<60 mL/min per 1.73 m”.

Tenth People’s Hospital at morning.

Statistical

Statistical analysis was conducted using SAS software
version 9.4 (SAS Institute, Inc., Cary, North Carolina,
USA). All subjects were categorized into four groups
according to the quartiles of LAP. Mean + standard devia-
tion (SD) was used to present continuous variables.
Categorical variables were presented as numbers with
proportions. Differences of parameters between the four
groups were compared using the ANOVA test for contin-
uous variables and CMH test for categorical variables. We
used age-sex adjusted partial-correlation to analyse the
associations of LAP with conventional metabolic para-
meters. Logistic regression model was used to explore
the relationship between the different quartiles of LAP
and TOD risk, with the lowest LAP quartile as reference.
Both crude model and adjusted model (adjusted for age
(years), sex (1=male, O=female), BMI (kg/m?%), smoking
habit (0=no,l=yes), hypertension (0=no,l=yes), use of
antihypertensive (0=no,l=yes), family history of prema-
ture CVD (0=no,l=yes), diabetes (0=no,l=yes), High-
density lipoprotein cholesterol (HDL-C, mmol/L) and
Low-density lipoprotein cholesterol (LDL-C, mmol/L))
were applied. We also showed the effect estimate of
1-SD increases in LAP. C-statistic for LAP, WC and TG
in univariate logistic regression were performed. Setting
P value < 0.05 is considered significant for all the analysis.

Results

As shown in Table 1, We found that mean ABI (Q1=1.04,
Q2=1.04, Q3=1.02, Q4=1.00), mean LVMI (Q1=82.7,
Q2=86.7, Q3=89.5, Q4=92.3 g/mz), mean cf-PWV
(Q1=8.81, Q2=9.18, Q3=9.42, Q4=9.91 m/s), mean
eGFR (Q1=87.3, Q2=86.5, Q3=84.5, Q4=82.1, mL/min/
1.73/m?), mean Log (UACR) (QI1=3.34, Q2=3.33,
Q3=3.45, Q4=3.70 mg/g) were different among the four
groups. LAP was significantly correlated with BMI, SBP,
DBP, FPG, TC and LDL-C (all P<0.05) after adjustment
for age and sex. However, there was no correlation

between HDL-C and LAP (P=0.09) after adjustment
(Table 2).

As shown in Table 3, in univariate logistic regression,
comparing Q2, Q3, Q4 level with Q1 level of LAP, odds
ratio (OR) of LVH was 1.31 (95% confidence interval
[95% CI]: 1.03-1.67), 1.70 (95CI%: 1.34-2.15) and 2.22
(95% CIL: 1.76-2.79) (Pfor trena< 0.001) respectively; OR of
AS was 1.47 (95CI%: 1.18-1.83), 1.59 (95CI%: 1.28-
1.98) and 2.37 (95CI%: 1.91-2.93) (Ps yena< 0.001)
respectively; OR of LEA was 0.84 (95CI%: 0.61-1.15),
1.19 (95CI1%:0.89-1.59) and 1.69 (95CI%: 1.28-2.22)
(Pror srena< 0.001) respectively; OR of MAU was 0.95
(95CI1%: 0.78-1.15), 1.13 (95CI%: 0.93-1.36) and 1.49
(95CI%: 1.22-1.80) (Pfy sena< 0.001) respectively; OR
of CKD was 0.83 (95CI%: 0.58-1.20), 1.11 (95CI1%:
0.78-1.56) and 1.65 (95CI1%: 1.20-2.26) (Prr sena<
0.001) respectively.

As shown in Table 4, after adjustment for multiple
variables (age (years), sex (1=male, O=female), BMI (kg/
habit
use of antihypertensive (0=no,l=yes),

m?), smoking (0=no,l=yes), hypertension
(0=no,1=yes),
family history of premature CVD (0=no,l=yes), diabetes
(0=no,1=yes), HDL-C (mmol/L) and LDL-C (mmol/L)),
comparing Q2, Q3, Q4 level with Q1 level of LAP, OR of
LVH was 1.02 (95CI%: 0.78-1.34), 1.10 (95CI%: 0.82—
1.47) and 1.19 (95C1%: 0.85-1.65) (P 1reni=0.25) respec-
tively; OR of AS was 1.31 (95CI%: 1.02-1.70), 1.39
(95C1%: 1.05-1.85) and 1.88 (95CI%: 1.37-2.58)
(Pror srena< 0.001) respectively; OR of LEA was 0.64
(95CI%: 0.45-0.90), 0.79 (95CI%: 0.55-1.12) and 0.87
(95CI%: 0.58-1.29) (Pfr 1reni=0.96) respectively; OR of
MAU was 0.91 (95C1%: 0.73-1.13), 1.06 (95CI%: 0.84—
1.36) and 1.33 (95C1%: 1.01-1.75) (P4 reni=0.02) respec-
tively; OR of CKD was 1.35 (95CI%: 0.83-2.19), 1.78
(95CI%: 1.08-2.92) and 2.39 (95CI%: 1.39-4.12)
(Pror 1rena<0.001) respectively.

As shown in Figure 1, when LAP was analyzed continu-
ously, 1-SD increment of LAP and associated with LVH
(OR=1.29, 95% CI: 1.19-1.39, P<0.001), AS (OR=1.35,
95% CI: 1.25-1.46, P<0.001), LEA (OR=1.21, 95% CI:
1.11-1.32, P<0.001), MAU (OR=1.25, 95% CI: 1.16-1.35,
P<0.001) and CKD (OR=1.31, 95% CI: 1.20-1.44,
P<0.001). As shown in Figures 2, 1-SD increment of LAP
was associated with increased risk of AS (OR=1.23, 95%
CI: 1.10-1.36, P<0.001), MAU (OR=1.21, 95% CI: 1.10-
1.35, P <0.001) and CKD (OR=1.20, 95% CI: 1.06-1.36,
P =0.005) after adjustment for covariates, but not LVH
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Table 1. Characteristics of Participants

Overall | QI(LAP<21.45, Q2 Q3 Q4(LAP=55.48, P
(n=3363) n=874) (21.45<LAP<35.48, | (35.28<LAP<55.48, n=830)
n=827) n=832)

Age (years) 71.1£6.0 71.146.1 71.0£58 71.046.1 71.3+6.0 0.79
Male, n (%) 1467(43.63) 472(54.00) 389(47.04) 319(38.34) 287(34.58) <0.001
Hypertension, n (%) 2220(66.01) 459(52.52) 538(65.05) 596(71.63) 627(75.54) <0.001
Diabetes mellitus, n (%) 756(22.48) 148(16.93) 169(20.44) 175(21.03) 264(31.81) <0.001
Smoking habit, n (%) 833(24.77) 249(28.49) 215(26.00) 17921.51) 190(22.89) 0.004
Family history of premature CVD, n (%) 722(21.47) 176(20.14) 183(22.13) 170(20.43) 193(23.25) 036
SBP (mmHg) 135.5¢17.2 130.5¢17.1 135.4+16.7 136.8+16.1 139.5417.5 <0.001
DBP (mmHg) 79.2+9.6 77.0£9.0 78.8+9.2 80.7+9.9 80.6£10.1 <0.001
WC (cm) 86.6+9.9 77.5£7.9 85.0£6.6 89.617.1 94.5+8.6 <0.001
BMI (kg/m2) 24.6+3.6 212428 235425 25.0+2.8 267437 <0.001
FPG (mmoliL) 5.8£1.8 55416 57416 5.8£1.7 6.242.0 <0.001
TC (mmol/L) 5.1£1.0 48£1.0 5.0£1.0 52409 5.4x1.1 <0.001
HDL-C(mmol/L) 1.40£0.37 1.620.40 1.45£0.34 1.34£0.3 1.19£0.26 <0.001
LDL-C(mmol/L) 3.1£0.9 2.86+0.8] 3.13+0.85 3.26+0.85 328+1.02 <0.001
TG (mmoliL) 1.6+1.0 0.940.3 13£0.3 1.6+0.4 27415 <0.001
Antihypertension agents, n (%) 1682(50.01) 324(37.07) 407(49.21) 452(54.33) 499(60.12) <0.001
LVH, n (%) 807(24.00) 151(17.28) 177(21.40) 217(26.08) 262(31.57) <0.001
AS, n (%) 1075(31.97) 203(23.22) 254(30.71) 271(32.57) 347(41.80) <0.001
LEA, n (%) 436(12.96) 99(11.33) 80(9.67) 110(13.22) 147(17.71) <0.001
MAU, n (%) 1722(51.20) 423(48.40) 389(47.03) 427(51.32) 483(58.19) <0.001
CKD, n (%) 304(9.03) 71(8.12) 56(6.77) 73(8.77) 104(12.53) <0.001
ABI 1.030.12 1.04£0.12 1.0420.11 1.0240.13 1.000.13 <0.001
LVMI(g/m?) 87.8428.5 82.7+26.7 86.7£26.7 89.5+29.8 92.3429.9 <0.001
CE-PWV (mis) 9.3342.29 8.81+2.26 9.1842.20 9.4242.17 9.9242.41 <0.001
eGFR (mL/min/1.73/m?) 85.1420.0 87.3+17.7 86.5422.7 84.5+19.| 82.1£19.8 <0.001
Log (UACR) (mgg) 3.46+1.13 334107 333112 3.45+1.16 3.70%1.12 <0.001
LAP 43.5£36.0 13.5¢5.7 28.2+4.0 43.945.7 88.1+44.6 <0.001

Note: Quantitative variables are shown as meanSD, and qualitative parameters are presented as numbers with the percentage in parentheses.

Abbreviations: CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; BMI, body mass index; FPG, fasting
glucose; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; LVH, left ventricular hypertrophy;
AS, arterial stiffness; LEA, lower extremity atherosclerotic; MAU, micro-albuminuria; CKD, chronic kidney disease; LVMI, left ventricular mass index; cf-PWYV, carotid to
femoral aortic pulse wave velocity; eGFR, estimated glomerular filtration rate; UACR, urine albumin to creatinine ratio; LAP, lipid accumulation product.

(OR=1.05, 95% CI: 0.95-1.16, P =0.33) or LEA (OR=1.04,
95% CI: 0.93-1.17, P =0.47).

Table 2. Age-Sex Adjusted Partial Correlation of LAP with CVD
Risk Factors

LAP
r P
BMI 0.46 <0.001
SBP 0.17 <0.001
DBP 0.13 <0.001
FPG 0.88 <0.001
TC 0.19 <0.001
HDL-C 0.03 0.09
LDL-C —0.44 <0.001

Abbreviations: LAP, lipid accumulation product; CVD, cardiovascular disease; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG,
fasting glucose; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol.

Discussion
Based on the NSS study with 3363 Chinese community-
dwelling elderly enrolled, we explored the association of
LAP with TOD. LAP is associated with arterial stiffness,
CKD and MAU.

Fat can be accumulated either subcutaneously or viscerally,
while visceral fat accumulation may be more closely asso-
ciated with metabolic disorders and predict CVD. Recent
studies have shown that LAP is a simple index of visceral fat
accumulation and superior to other conventional indexes.*****
LAP has long been a simple and inexpensive biomarker for
metabolic disorders.** Studies have shown LAP was asso-
ciated with abnormal glucose regulation®'* and predicted
type 2 diabetes mellitus to be better than BMI**2® and WC.*’
Meanwhile, LAP could more accurately diagnose metabolic

syndrome in healthy men'"'? and in patients with CKD.** We
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Table 3. Univariate Logistic Regression for Risk of TOD According to LAP Quartiles
QI Qz Q3 Q4 P for tread

LVH | 1.31(1.03-1.67) 1.70(1.34-2.15) 2.22(1.76-2.79) <0.001

AS | 1.47(1.18-1.83) 1.59(1.28-1.98) 2.37(1.91-2.93) <0.001

LEA | 0.84(0.61-1.15) 1.19(0.89-1.59) 1.69(1.28-2.22) <0.001

MAU | 0.95(0.78-1.15) 1.13(0.93-1.36) 1.49(1.22—-1.80) <0.001

CKD | 0.83(0.58-1.20) 1.11(0.78-1.56) 1.65(1.20-2.26) <0.001

Abbreviations: TOD, target organ damage; LAP, lipid accumulation product; LVH, left ventricular hypertrophy; AS, arterial stiffness; LEA, lower extremity atherosclerotic;
MAU, micro-albuminuria; CKD, chronic kidney disease.

Table 4. Multivariable Logistic Regression for Risk of TOD According to LAP Quartiles

Ql Q2 Q3 Q4 P for tread
LVH | 1.02(0.78-1.34) 1.10(0.82-1.47) 1.19(0.85-1.65) 0.25
AS | 1.31(1.02-1.70) 1.39(1.05-1.85) 1.88(1.37-2.58) <0.001
LEA | 0.64(0.45-0.90) 0.79(0.55-1.12) 0.87(0.58-1.29) 0.96
MAU | 0.91(0.73-1.13) 1.06(0.84-1.36) 1.33(1.01-1.75) 0.02
CKD | 1.35(0.83-2.19) 1.78(1.08-2.92) 2.39(1.39-4.12) <0.001

Note: Adjusted for age, sex, hypertension, use of antihypertensive, diabetes, BMI, smoking habit, HDL-C, LDL-C, family history of premature CVD.
Abbreviations: TOD, target organ damage; LAP, lipid accumulation product; LVH, left ventricular hypertrophy; AS, arterial stiffness; LEA, lower extremity atherosclerotic;
MAU, micro-albuminuria; CKD, chronic kidney disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

CVD, cardiovascular disease.

found that LAP correlates with traditional biochemical risk
markers. LAP may be an index closely related to metabolic
disorders, but is it superior to the traditional indices is not clear.

TOD is an early warning sign for CVD. TOD mainly
includes heart damage (LVH, Left ventricular diastolic

dysfunction), vascular damage (AS, LEA), kidney

CKD —o—
MAU

—o—
LEA H—o—
AS —o—
LVH —o—

08 1.0 =2 1.4 16 18

Figure | Univariate logistic regression for risk of TOD according to the | SD
increasement of the LAP. For participants with 1-SD increasement of LAP, they have
significant added risk of LVH, AS, LEA, CKD, MAU.

Abbreviations: TOD, target organ damage; SD, standard deviation; LAP, lipid
accumulation product; LVH, left ventricular hypertrophy; AS, arterial stiffness;
LEA, lower extremity atherosclerotic; MAU, micro-albuminuria; CKD, chronic
kidney disease.

damage (MAU, CKD). It is well known that metabolic
disorder is closely related to the occurrence of TOD.
LVH is an important TOD that relates to lipid profiles as

well.?’

Wang et al reported that non-traditional lipid
profiles were associated with left ventricular geometry

change in the general population of rural China.*® In our

CKD —e—
MAU —eo—
LEA — &
AS H—o—
LVH H-o—]

08 1.0 12 1.4 16 18

Figure 2 Multivariate logistic regression for risk of TOD according to the | SD
increasement of the LAP. For participants with |-SD increasement of LAP, they have
significant added risk of AS, CKD, MAU; but not LVH or LEA. Adjusted age, sex,
hypertension, use of antihypertensive, diabetes, BMI, smoking habit, HDL-C, LDL-
C, family history of premature CVD.

Abbreviations: TOD, target organ damage; SD, standard deviation; LAP, lipid
accumulation product; LVH, left ventricular hypertrophy; AS, arterial stiffness;
LEA, lower extremity atherosclerotic; MAU, micro-albuminuria; CKD, chronic
kidney disease; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; CVD, cardiovascular disease.
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study, although the novel metabolic index, LAP was
associated with LVH in univariate regression analysis,
the association became non-significant after adjustment
for confounding variables. This may be because meta-
bolic disorders precede blood pressure changes and LVH
is more closely associated with blood pressure.

ABI is widely used in the evaluation of peripheral
artery disease. A study reported that LAP was one of the
most powerful predictors of ABI<0.9 when compared with
other metabolic indices among participants with type 2
diabetes.”’ But the study did not consider other clinical
parameters, such as BMI and blood pressure, which are
important in peripheral artery disease. In the present study,
we found that LAP was only associated with LEA in
univariate regression analysis, but lost significance in mul-
tivariable logistic regression analysis.

Cf-PWV is regarded as “gold standard” of arterial
stiffness.? Metabolic components were associated with cf-
PWYV in cross-sectional studies.’** A longitudinal study
reported that cf-PWV progression was related to serum

triglycerides, fast glucose tolerance, and BMI.*

However,
many longitudinal studies showed the cf-PWV progression
was determined by age and blood pressure rather than
metabolic components.**>® This may be because the sam-
ple size was relatively small and changes in PWV were not
apparent at 3—4 years of follow-up. This maybe the first
paper reporting the association between LAP and cf-PWYV,
but the relationship between LAP and cf-PWV needs more
studies to prove, especially the longitudinal studies with
long-term follow-up and large samples.

Besides, we also found that LAP was associated with
CKD and MAU. This is consistent with the findings of
previous cross-sectional studies.’®*! Kidney damage may
be more sensitive to metabolic disorder. However, more
cohort studies are needed to confirm this finding.

More importantly, LAP independently indicates the risks
of CVD. In 2005, Kahn found that LAP better predicted CVD
compared with BMI from the third National Health and
Nutrition Examination Survey.® Thereafter, more and more
studies showed the predictive value of LAP for CVD.**
However, whether LAP performed better than other indices
like BMI and WC remained contradictory. A comparative
study showed that LAP was not superior over other indices.**
Meanwhile, another study presented that LAP was indepen-
dently associated with mortality among CVD patients rather
than BML'® Thus, the relationship between LAP and CVD
necessitates further illustration. In our study, an increased

LAP was associated with AS, CKD and MU, but was not
superior to WC (Supplementary 1).

TOD is an early warning sign for CVD. However, to our
knowledge, the relationship between LAP and TOD has not
been comprehensively and systemically explored. Our study
pioneeringly assessed the association between LAP and
TOD, including heart, vascular and kidney, among the lar-
gely elderly Chinese population. For all this, LAP was
associated with AS, CKD and MAU, but not LVH or LEA.
The results are the same as previous studies.* This may be
because different organ damage has different mechanism.

There are several limitations in the present study. First,
this is a cross-sectional study with relatively weak infer-
ences about cause and effect. Second, participants are only
elderly Chinese, and the conclusion should be extrapolated
with caution to other populations.

Conclusions

The novel metabolic parameter LAP is significantly and
independently associated with an increased risk of arterial
stiffness, chronic kidney disease and micro-albuminuria in
Chinese community-dwelling elderly individuals.
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