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Abstract

Background Lipid accumulation product (LAP) is a novel predictor index of central lipid accumulation associ-
ated with metabolic and cardiovascular diseases. This study aims to investigate the accuracy of LAP for the screen-
ing of metabolic syndrome (MetS) in general adult males and females and its comparison with other lipid-related
indicators.

Methods A systematic literature search was conducted in PubMed, Scopus, Web of Science, Cumulative Index

to Nursing and Allied Health Literature (CINAHL), and ProQuest for eligible studies up to May 8, 2024. Outcomes were
pooled mean difference (MD), odds ratio (OR), and diagnostic accuracy parameters (sensitivity, specificity, and area
under the summary receiver operating characteristic [AUSROC] curve). Comparative analysis was conducted using
Z-test.

Results Forty-three studies involving 202,313 participants (98,164 males and 104,149 females) were included. Pooled
MD analysis showed that LAP was 45.92 (P<0.001) and 41.70 units (P<0.001) higher in men and women with MetS,
respectively. LAP was also significantly associated with MetS, with pooled ORs of 1.07 (P<0.001) in men and 1.08
(P<0.001) in women. In men, LAP could detect MetS with a pooled sensitivity of 85% (95% Cl: 82%-87%), specific-

ity of 81% (95% Cl: 80%—-83%), and AUSROC curve of 0.88 (95% Cl: 0.85-0.90), while in women, LAP had a sensitivity
of 83% (95% Cl: 80%-86%), specificity of 80% (95% Cl: 78%-82%), and AUSROC curve of 0.88 (95% Cl: 0.85-0.91). LAP
had a significantly higher AUSROC curve (P<0.05) for detecting MetS compared to body mass index (BMI), waist-to-
height ratio (WHtR), waist-to-hip ratio (WHR), body roundness index (BRI), a body shape index (ABSI), body adiposity
index (BAI), conicity index (Cl) in both genders, and waist circumference (WC) and abdominal volume index (AVI)

in females.

Conclusion LAP may serve as a simple, cost-effective, and more accurate screening tool for MetS in general adult
male and female populations.
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Introduction

Metabolic syndrome (MetS) refers to a group of meta-
bolic disorders characterized by central obesity, impaired
glucose control, elevated triglyceride levels, decreased
levels of high-density lipoprotein-cholesterol (HDL-C),
elevated blood pressure, and insulin resistance [1]. MetS
is becoming a serious health problem and economic bur-
den, as its global prevalence is high and remains grow-
ing in both developed and developing countries [2, 3]. A
recent meta-analysis in 2022 estimated that the global
prevalence of MetS varied from 12.5% to 31.4% depend-
ing on the diagnostic criteria, with Americas and Eastern
Mediterranean as regions with the highest prevalence
across different MetS definitions [4]. According to a sur-
vey conducted among adults in the United States, the
prevalence of MetS has increased with a significant trend
from 37.6% in 2011-2012 to 41.8% in 2017-2018 [5].

MetS has been associated with two times higher risk
of cardiovascular and cerebrovascular diseases and 1.5
times higher mortality rate [6]. Additionally, given its
close association with insulin resistance, a person with
MetS is at a high risk of developing type 2 diabetes mel-
litus, which is known as a potentially debilitating chronic
disease with various macrovascular and microvascular
complications, including coronary artery disease, stroke,
and diabetic kidney disease [7, 8]. These consequences
further highlight the importance of early and accurate
identification of high-risk individuals with MetS to pre-
vent any adverse outcomes related to its development.
However, the current diagnostic criteria for MetS are
complex to conduct as they include many metabolic
components, making early detection of individuals with
MetS difficult. Hence, it would be more convenient to
use a simpler, rapid, and inexpensive indicator with high
accuracy for the screening of MetS, mainly in a large
population [9].

In 2005, Kahn [10] proposed a novel, safe and practi-
cal index for reflecting excess central lipid accumulation
among adults, based on a combination of two economical
measurements, namely waist circumference (WC) and
concentration of triglyceride (TG) measured in the fast-
ing state. This index was later called ‘lipid accumulation
product’ (LAP). It is calculated as [WC (cm) — 65] X [TG
(mmol/L)] for men, and [WC (cm) — 58] X [TG (mmol/L)]
for women. LAP is closely associated with insulin resist-
ance and has been linked to various metabolic and car-
diovascular risk factors [11, 12]. Previous studies in
different men and women populations have shown that

LAP has a high predictive performance and outperforms
other adiposity indicators, such as WC, body mass index
(BMI), waist-to-height ratio (WHtR), waist-to-hip ratio
(WHR), and visceral adiposity index (VAI), at detect-
ing MetS. However, the accuracies reported still varied
between studies [13-15]. Moreover, a study by Endukuru
et al. [16] has shown contradictory findings, where LAP
was found to have a lower power than several indica-
tors in identifying MetS. Although LAP has commonly
been the focus of earlier studies, there are no reviews
to date that have demonstrated evidence regarding the
conclusive accuracy of LAP and whether it is arguable
to use LAP for the screening of MetS. Thus, this system-
atic review and meta-analysis aim to explore the screen-
ing performance of LAP as a detection tool for MetS in
general male and female adults, and its comparison with
other adiposity indicators.

Materials and methods

This systematic review and meta-analysis were conducted
in conformity with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines [17] (see Supplementary Table 1 in Additional
file 1 for the completed PRISMA 2020 checklist of this
study) and guided by Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy Version 2.0 [18].
The detailed protocol of this study has been registered
on the International Prospective Register of Systematic
Reviews (PROSPERO; https://www.crd.york.ac.uk/prosp
ero/; registration number: CRD42021259797).

Search strategy and study selection process

A computerized literature searching was conducted in
PubMed, Scopus, Web of Science, Cumulative Index
to Nursing and Allied Health Literature (CINAHL) via
EBSCO, and ProQuest from inception to May 8, 2024.
The Medical Subject Headings (MeSH) and other free-
text keywords were applied to formulate the following full
search term: ("lipid accumulation product*" OR "LAP")
AND ("metabolic syndrome" OR "MetS" OR "MetSyn"
OR "syndrome X" OR "metabolic X syndrome" OR "insu-
lin resistance syndrome" OR "cardiometabolic syndrome"
OR "metabolic cardiovascular syndrome” OR "plurimet-
abolic syndrome”). No language and publication date
restrictions were set. Additionally, a manual hand-search
on Google was performed to identify studies outside the
searched databases. After duplicates were removed, arti-
cles were screened based on their titles and abstracts.
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Studies with available full-texts were then retrieved and
evaluated according to the eligibility criteria. The initial
searches and overall study selection process were per-
formed independently by two investigators (BSW and
APW). Any disagreements were resolved in a consensus
involving a third independent investigator (VV).

Eligibility criteria

Research questions were structured using the Population,
Index Test, Comparator, and Outcome (PICO) format
(Supplementary Table 2) designed for systematic reviews
of diagnostic test accuracy studies as the basis for con-
structing the eligibility criteria [19]. This meta-analysis
included studies published in any language that: (1) used
an observational design (cohort, case—control, or cross-
sectional studies); (2) involved an adult population aged
18 years or older; (3) defined MetS based on any current
available diagnostic criteria (e.g., Joint Interim Statement
[JIS] [20], National Cholesterol Education Program-Adult
Treatment Panel [NCEP-ATP] III [21], and International
Diabetes Federation [IDF] [22]); and (4) investigated the
diagnostic accuracy of LAP for detecting MetS in males
or females. Studies were excluded if: (1) the study was
a review article, case report, case series, or conference
abstract; (2) the full-text was irretrievable; (3) the study
involved non-general populations, including those with
a specific pathologic condition (e.g., chronic kidney dis-
ease and polycystic ovary syndrome) or institutional-
ized residents; (4) the available data were insufficient for
reconstructing the 2 X2 diagnostic accuracy contingency
table and the authors of the study did not respond after
they were contacted for data request or were not will-
ing to provide the data. In the case where studies with
overlapping populations or the same characteristics were
suspected (e.g., authors, population, method and period
of sampling, study location, or results), the one with the
largest sample size, most relevant data, and most recently
published was selected, and then the rest were excluded.

Data extraction

Two investigators (BSW and APW) performed data
extraction independently based on a pre-specified check-
list. Collected data were then checked for their eligibil-
ity by a third investigator (VV). The following data were
obtained: the name of the first author, publication year,
study location and design, characteristics of the study
population, MetS diagnostic criteria, gender-specific
sample size, age, values of LAP in MetS and non-MetS
subjects, odds ratio (OR) between LAP and MetS, and
diagnostic parameters of LAP (area under the curve
[AUC], cut-off, sensitivity, and specificity). If a study
used more than one diagnostic criteria for MetS, only
one was selected in the following order of priority: (1)
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JIS; (2) NCEP-ATP III; (3) IDF; and (4) other criteria.
Criteria besides JIS, NCEP-ATP III, and IDF were later
classified into “others” Given that LAP is a continuous
index, only uncategorized ORs were extracted, in which
LAP was treated as a continuous predictor variable dur-
ing analysis. Dichotomizing or categorizing continuously
distributed exposure variables has been known to cause
a loss of statistical power, inaccurate estimation, and dif-
ficulty comparing results across studies due to the use of
data-driven cut-points to define the categories [23, 24].
ORs adjusted for confounders were preferred over unad-
justed values. To strengthen the conclusion of the current
findings, the included study’s corresponding author was
contacted when the 2x2 diagnostic contingency table of
LAP in males or females could not be constructed from
the reported study data. In addition, for comparative
analysis purposes, all index tests used to identify MetS
other than LAP with their corresponding sensitivities and
specificities were extracted, but only when>4 studies
reported the data of the same index tests. Eleven adipos-
ity indicators that met this requirement were identified,
including VAI, BMI, WC, WHtR, WHR, body roundness
index (BRI), a body shape index (ABSI), body adipos-
ity index (BAI), conicity index (CI), triglyceride-glucose
(TyG) index, and abdominal volume index (AVI).

Quality assessment

The quality of the included studies was assessed using
the Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) tool that comprises four domains: patient
selection, index test, reference standard, and flow and
timing [25]. Each domain is assessed in terms of risk of
bias as well as concerns regarding applicability for the
first three domains. The QUADAS-2 tool signaling ques-
tions for assessing the risk of bias were further tailored
to have greater relevance to the current study. Addi-
tional signaling questions were formulated from studies
by Bujang et al. [26], McCrea et al. [27], and Munthali
et al. [28] (for full details, see Supplementary Table 3).
For each signaling question, reviewers were required to
respond “yes’;, “no’, or “unclear” Accordingly, the risk of
bias and applicability concerns were rated as “low”, “high’,
or “unclear”. A study was judged to have a low overall bias
risk and concerns of applicability when all domains were
rated as “low”. A high overall risk of bias was considered
when the study had a high-rated risk in>1 domain or an
unclear-rated risk in>3 domains, while a high concern
regarding applicability was determined when the study
had a high-rated concern in at least one domain. Oth-
erwise, studies were judged as having a moderate risk
or applicability concern. Quality assessments were con-
ducted by two independent reviewers (BSW and APW).
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Any discordance in judgments was subsequently resolved
by a third reviewer (VV).

Statistical analysis

Statistical analyses were conducted using Review Man-
ager ver. 5.4 (The Cochrane Collaboration, The Nordic
Cochrane Centre, Copenhagen, Denmark) and STATA
ver. 16.0 (Stata Corporation, College Station, TX, USA).
Diagnostic test accuracy meta-analyses on LAP in iden-
tifying MetS were performed for the primary outcome.
Secondary meta-analyses were additionally conducted
to estimate the pooled mean difference (MD) of LAP
between MetS and non-MetS subjects and the pooled
OR between LAP and MetS. Males and females were ana-
lyzed separately in all outcomes. For MD meta-analysis,
data that were not reported in mean and standard devia-
tion (SD) were transformed beforehand.

Bivariate diagnostic accuracy meta-analyses were per-
formed to obtain the pooled sensitivity, specificity, and
area under the summary receiver operating characteris-
tic (AUSROC) curve along with their corresponding 95%
confidence intervals (CIs). AUSROC curve values were
subsequently interpreted as similar to the AUC, where
0.5 indicates that LAP has no ability to discriminate
subjects with and without MetS, 0.7 to 0.8 is considered
an acceptable diagnostic power, 0.8 to 0.9 is considered
excellent, and more than 0.9 is considered outstanding
[29]. To assess the effect of a diagnostic threshold, the
Spearman’s correlation was used by analyzing the corre-
lation of the sensitivity and 1 — specificity between stud-
ies. The threshold effect may exist due to variations in the
cut-off values between studies and is considered one of
the major causes of heterogeneity in diagnostic accuracy
meta-analysis. A positive Spearman’s correlation coeffi-
cient with P<0.05 indicates a significant threshold effect
[30]. In addition to LAP, the AUSROC curves of other
adiposity indicators were estimated. The Z-test was then
adopted to compare the AUSROC curve values between
LAP and these indicators [31].

Heterogeneity was assessed using the Cochran’s Q sta-
tistic and quantified using the Higgins’ I? statistic as rec-
ommended by Cochrane. The I is a widely used measure
calculated from the Q statistic to depict the extent of
heterogeneity between studies in a meta-analysis. An I
value of 0%, 25%, 50%, and 75% was considered as negli-
gible, low, moderate, and high heterogeneity, respectively
[32]. Since diversity of characteristics between stud-
ies was expected, a random-effects model was primarily
applied for estimating the pooled effect of OR and MD
meta-analyses. The random-effects model assumes that
the true effect could vary between studies due to the het-
erogeneity among them [33]. In all analyses, a P-value
of <0.05 was considered statistically significant.
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Publication bias in the diagnostic accuracy meta-anal-
ysis was assessed using the Deeks’ funnel plot as recom-
mended by Cochrane [34, 35], while publication bias
in the MD and OR meta-analyses was assessed visually
using an inverted funnel plot and quantitatively using
the Egger’s test [36]. Egger’s test has been widely used in
meta-analyses and considered one of the formal statisti-
cal tests to evaluate funnel plot asymmetry [37]. Sensi-
tivity analyses in all outcomes were carried out in four
different ways by excluding: (1) each study individually
(leave-one-out analysis); (2) study outliers; (3) moder-
ate and high risk of bias studies; and (4) studies with a
sample size of<100. Subsequently, the consistency and
significance of the pooled results was re-evaluated. Outli-
ers in the diagnostic accuracy meta-analysis were identi-
fied by using a bivariate boxplot. This boxplot describes
the interdependence degree between the sensitivity and
specificity of each study. The inner and outer oval of the
bivariate boxplot represent the median distribution and
95% Cls of all the study data points, respectively, and
studies located outside the outer oval region were con-
sidered outliers. Outliers in the MD and OR meta-anal-
yses were detected by visually examining the forest plot,
where outliers were studies having their 95% ClIs located
outside the 95% CI of the pooled result [38].

Subgroup and meta-regression analyses were per-
formed on the primary outcome with outliers included
to search for possible causes of heterogeneity. Subgroup
analyses were performed based on: (1) MetS criteria; (2)
study location; (3) study design; and (4) type of popula-
tion. In the case where a covariate yielded >2 subgroups,
the subgroup with the most studies included was used as
the reference value. Meta-regressions were carried out
for: (1) publication year; (2) mean population age; and (3)
study sample size.

Results

Selection of studies

A PRISMA flow diagram of the overall study selection
process is illustrated in Fig. 1. A total of 4,295 records
were initially obtained, where 734 were then removed
due to duplication. Of the remaining 3,561 articles, 3,454
and 30 were excluded respectively based on their titles
and abstracts. Three conference abstracts and one arti-
cle with no available full-text were not retrieved further.
Afterward, the remaining 73 studies were thoroughly
reviewed, and 35 were subsequently excluded due to
not meeting the eligibility criteria. In addition to data-
base searching, 31 additional records were found from
websites. Of those, three conference abstracts were not
retrieved, and 11 articles were excluded due to irrelevant
outcomes. Fifty-five studies were initially included in this
systematic review. Then, seven studies with potential
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{ Identification of studies via databases

[ Identification of studies via other methods }

Records identified from:
PubMed (n = 204)
Scopus (n = 261)

Web of Science (n = 400)
CINAHL (n = 52)
ProQuest (n = 3,378)

Records removed before
screening:
Duplicate records removed
(n=734)

Records identified from:
Websites (n = 31)

] [ Identification ]

!

Records excluded:
> Inappropriate title (n = 3,454)
Inappropriate abstract (n = 30)

Records screened
(n=3,561)

!

A

Reports not retrieved:

Reports sought for retrieval N Conference abstract (n = 3)

(n=177)

Reports sought for retrieval
(n=31)

Reports not retrieved
Conference abstract (n = 3)

Reports excluded:
Using LAP to predict MetS
incidence (n=1)
Not analyzing LAP to identify
MetS (n = 3)
No gender-specific analysis of
LAP to identify MetS (n =7)

g’ Irretrievable full-text (n = 1)
F
o
[}
(7]
Reports assessed for eligibility Replﬁ:tsitst)i(gradlieziﬂ population Reports assessed for eligibility
(n=73) (n=2) (n=28)
Using LAP to predict MetS
incidence (n = 5)
Not analyzing LAP to identify
MetS (n = 16)
No gender-specific analysis of
— LAP to identify MetS (n = 12)
— v
Initial studies included
(n=55) Studies excluded:
= Population overlapped with
= another study (n = 6)
© Insufficient data to construct
£ Final studies included in diagnostic contingency
systematic review and tables of LAP for male or
meta-analysis female after contacting
(n=43) authors (n = 6)

)

Fig. 1 PRISMA flow diagram of the study selection process. CINAHL, Cumulative Index to Nursing and Allied Health Literature; LAP, lipid
accumulation product; MetS, metabolic syndrome; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

overlapping populations and similar characteristics were
identified. The study by Guo et al. [39] with the largest
sample size was included, and the rest were excluded.
Afterward, the authors of nine studies were contacted
for additional data requests. Three of them responded
and agreed to provide the data. Due to insufficient data
to construct the diagnostic contingency table of LAP,
six studies were further excluded. Ultimately, the entire
screening process resulted in the inclusion of 43 eligible
studies [39-81]. Of all the studies included, one by Soares
et al. [73] was a gray literature.

Characteristics, outcomes, and quality assessment

of included studies

The summary characteristics of the included studies
are presented in Table 1. Two studies by Ejike [50] and
Tellechea et al. [77] used only male subjects, while four
studies by ilhan et al. [53], Lee et al. [55], Osman et al.
[67], and Shabestari et al. [70] used only female sub-
jects. The remaining 37 studies consisted of both male
and female populations. The total sample accumulated
from all included studies was 202,313 adults. Of those,
98,164 were males (18,331 MetS and 79,833 non-MetS),

and 104,149 were females (25,327 MetS and 78,822 non-
MetS). The mean age range of the male population was
19.3 to 75.0 years, while the female population was 19.3
to 72.1 years. The study sample sizes varied from 40 to
61,283. Most studies were located in Asia (n=27), fol-
lowed by Africa (n=8), America (n=6), and Europe
(n=2). Only three studies used a case—control design,
while the rest were cross-sectional studies (n=40). All
studies included diverse types of population: community
residents (n=19), patients attending hospitals or clinics
(n=18), and other populations (n=6). JIS was the most
commonly used diagnostic criteria for defining MetS
(n=19). Other criteria included NCEP-ATP III (n=12),
IDF (n=3), and criteria included in “others” (n=9). All
gender-specific outcomes reported in each study, includ-
ing LAP values, OR, and diagnostic accuracy parameters,
are summarized in Supplementary Table 4.

The overall quality of each study based on the QUA-
DAS-2 tool is provided in Table 1, while the details of the
assessment results viewed from each domain are shown
in Supplementary Fig. 1 in Additional file 1. In terms of
overall bias, 16 studies had a low risk, 12 had a moderate
risk, and 15 had a high risk. The risk of bias was low for



Page 6 of 20

(2024) 23:198

Witarto et al. Lipids in Health and Disease

(uonip3
£102) SPH|[SN S&3
-9qeIQ ¢ 2dA] jo
JUsWIeal| pue
UOUSA3I 3y} 10§
EELL4 ofewsd saulapIND endsoy a1 bul [8¥]
S1BISPOY\  91BISPOW 850l FOT6E €67 ¥0T EIE asauIyd OMIWG IVA  -Pualie sjusiied  [BUOIIDS-SSOID) (RISY) BUIYD  1Z0Z “|B 32 Uen(
m—N_‘HOORm va NWN w_mgwm mHCOU_mw\_ R*&
MO SIBISPON  £/TLFCI6S SoT'l  vEE S SIr v/N AJUNWWOD  [BUOIDSS-5S01D) (e1sy) eUlyD €107 "2 312 uenQ
SCTLF6E8Y 6€1L 8¢ oews 1SgV ‘149 Ayu [ov]
Mo UBIH Syl F L6k 89 8¢ denw SIf IHMIWG'IVA  -NWWOD J|gnd  [PUONDSS-5501D) (eIsy) eIsAelRly 070 “[e 39 Bulyd
S a|doad
0L¥885 voL €S slewad asaueMmIE] IOy lendsoy a1 Bul [s¥] 210z
MO MO 69F €65 vl 49 S LIS SN V/N  -PUSHP SIUSNEJ  [PUOIIDS-SSOID (eISY) uBMIR| “|e 19 Buelyd
(s1eafk G9-09
SCLFSC9 9 0c¢ obe) ajeway
(s1eah 6501
SLYFS6Y 8% 09 obe) ajpwa
(s1eafh 6€-07
SLYF+S56C 123 4 obe) ajpwa
(s1eak
STLFST9 il ¥ 69-09 abe) sjen lendsoy 3y
(s1eak Bulpusne (eDURWY edl
Mo UblH  SLYFS6EY Iz v 65-0F obe) oep SIr DM IWg susieding  |eUONdS-5501D) UUON) O3 170 “[e 19 3jiueg
8S¥'L 18Kl Slewia S1USPISaI [ev]
MO MOT  9'8FGE9G [olo 72 Yo% EIEN 4al xapu| DAL AYUNWWOD  [eUOIIDIS-SS01D) (edlyy) BUBYD €707 "B 39 01Uy
BIVIEEIN
6 U Slewisd 12158V "HIHM Buipuane (eduaWy (ev]
91eISPON ubIH YLF60L 143 974 SleW SIr DM ING ‘YA siuaneding  [pUONDIS-SS0ID) YINoS) izelg  1ZOT "8 19 SOAY
00'LL F6801 Lcc CEc olewdo Vg 1S9V sUpIsal (eIsy) [1¥7] £20¢
MO S1BIPOW 86TLFPLEY 861 9/l Slew Il d1V-dIDN ‘149 DM TG ‘IVA Ayunwwod  [euond3s-ss0.D BIqelY Ipnes “|e 19 Zemey|y
e IAV 1D v
8viToesy 6sc 00l Slewisd 158V ‘148 "HIHM SUERIEY [ov] 6L0¢
MOT  9IRISPOW VYL F¥C oY €l 4 ot S DMIWG ‘IVA Aunwwo)  [euondss-ssoiD (e214y) eLabIN “le 38 ownfepy
SuI9dU0d
Aupqeoyddy  seiq jo sty SIBN-UON  SIBW
- - eLIBID 2SJ01edIpUl  SdlisudldeIRYD
Z-sYavno 4PV 9z|s 3|dweg 19puan dnsoubeip s1v  Aysodipe 19yl0 uonejndod ubisap Apnis uonedo| Apnis 1ed) Joyiny

Salpn3s papn|oul ayy Jo Ayjjenb pue soisualdeleyd L ajqer



Page 7 of 20

(2024) 23:198

Witarto et al. Lipids in Health and Disease

€5 19 CIEOVER jendsoy a1 bul [85]
MO UBIH LS /F v/ /9 Ss /Tl Slew Sir IVA  -pusnesiusied  |01U0d-9se) (|Isy) euyd £10Z 232NN
. ) ) SoWs xapu) 9AL'D
L86F L85 88%'C 679'C [ewia4 ISV ‘149 "dIHM s1uspIsal
MO MOT  €€6F6C09 600'c LEE'L Sl Il d1v-d3DN DM ING ‘YA Auunwwo) - [euond9s-ss01D) (elsy) eUlYyD  [£S] €20 "R I9 1T
uUy' 6es 9ewsS s1UDpISal (P2LBWY YLION)
Mo MOT €LCCF LLOY €ee’l 09S Se Il d1¥-d3DN x3pul DAL ‘WA Aunwwod  [euondas-ssoi) S$91€1S palun - [99] 20T e 19 I
(SIr) Dm dypads
-uonejndod yum |exdsoy aya bui [ss]
MOT  9JRISPON  /60LFYLCS L8¥'e  SS¥ Sews I d1¥-d3DN V/N  -Pusnesiusfled [eUOND9s-SSOID)  (BISY) BRIOY YINOS ;80T " 19 991
96CLFVELE 65/l 8¢ olewloS Xapu| DA SyuapIsal [¥<]
MO MOT €071 F65CE S98'L  60€ Sl Sir D158V "HIHM Ajunwuwio)  [euondas-ssoid (e1sy) eulyD Ce0z e 1 uelp
BIUIEEDR
Buipusie [€g]
21RISPON UblH  Z85F90TS LEL €9 Slews I d1¥-d3DN x3pul DAL ‘IVA susleding  [BUONDIS-SS0ID (elsy) AyInL 6107 "|e 38 ueyj|
6elLF oy €Sy /8¥'L dlewoS S1UapISal [6€]
MOT  S1RIBPON  S6LFEESY LLE'S 8L0'L Sew SIr Vg "GIHM ‘IVA Aunwwio)  [euonds-ss01) (|Isy)eUlyD 9107 eI OND
S9LFCL0L 9ze'L 61L'1 SlewaS SIUDPISI [zs]
MOT MOT  GE'/LF66'69 8/0'C 666 S S GHHM TG ‘IVA Aunuwiwio)  euonds-sso1) (elsy) eulyD 810C "[e12 N9
(Aujeuonen
6V 7L+ 109 vl 691 UeH) sjews
(Aujeuonen
8LYLFOSHY 565 9Ll 1A ojeway 9100 SUNPy Ul
elwapidiisAg Jo
(AM[BUOReN 3 50 9e31] pUe
LLSLFCTIY 659 8l UBH) 2B opuanaig sup Jo
(Ax sauldpPIND HHM HIHM suapisal [LS]
MOT  9JRISPOW €9 L F6/L'SY 8C¥  6LL -[PUOHENIA) 3P IsaUIYD DMIWG ‘IVA Auunwwod - [euond3s-ss0iD (eisy) eulyd  610C "2 10 0D
BUIEEN
YHM Buipusie
MO ubIH 9FG/ LE € S_N SIf "HIHM TING TVA syusnedinQ  [BUOND3S-SS04D (e214y) enabIN [0g] 110z &3
(uonip3
0207) SNU|[PIN 591
-2qeiq ¢ 2dAL Jo
JUsWIeal| pue
STELTOTSS €0/ vl Slewsy UOHUSASI SU 10}
Saul|lspInD IV Xapu] DAL SjuspIsal (6]
Mo MOT /SELF£08S 1444 LZL Sle 9saulyD  ‘Ivg 1ug NG ‘IVA AUNWWOD  [BUONDSS-5S01D) (eiIsy) eulyD>  zz0T “le 12 ueng
SuI9dU0d
Aupqedyddy  seiq jo ysiy SIBN-UON SIS
- eLIdID oSJ01edIpuUl  SsdlsudldeIRYd
Z-svavno 4PV azis a|dwes Jspusn dnisoubeip s1oy  Ausodipe sayio uonejndod ubisep Apnis  uonedo| Apnis Jeap Joyiny

(panunuod) L ajqey



Page 8 of 20

(2024) 23:198

Witarto et al. Lipids in Health and Disease

o , (SIr) DM dydads
ECOFLELS 960G 1S9 PleWed  _yopejndod yum Xapu| [eudsoy ayi bul [c/]
MO MOT  ZO6FL0'LS 906’8 /€Tl Bl I d1¥-d3DN OAL'YIHM VA -PUSLIE SIUSIEY  [UONDIS-SSOI)  (BISY) BRIOY YINOS 6107 "B 32 UIYS
OV CLFE67S L0L'€L 8vE'L olews YHM S)UDpISaI (1]
MO MOT TYCLF 1995 GOS0l 988'€ Bl SIC "gIHM DM IWG AunwwoD  |eUOIIDSS-SSOID) (elsy) eulyD  €70C “[e 19 OrYS
dip By
Buipuane [0/1910C
MO UbIH  /SSF86ES GGl 60l oewo4 Il d1V-d3DN V/N susleding  [BUONDIS-SS0ID (elsy) ued|  “|e13 LEIS3qRYS
€9FC0¢ 801 (a4 olewiod Xopu| DAL YHM  [eudsoy sy bul [69] 20T
MO MO 79T66T 6 SS Sle SIf YHMDOMIWG  -pushe siusfieq  [RUOIDSS-SSOI) (e1sy) eipul - “|e 1 uespusfey
SE9+F91'69 L0¥ 678 oleula Vg ;_mm/\ 149 sluaplsal ﬁmB
MO MOT  ¥Y9FPS69 [V 4514 Bl INdLV-d3DN  "IHM HIHM IVA AunwiwoD - [euodas-ssoi) (eISy) Ued] 10T "[e 13 I9lqey
[eudsoy ay3 bul [£9] 0C0T
MOT  9JeISPON G/ FI6'ES Iyl 6bl dews4 lINdLV-d3DN Vg DM INGIVA  -PuUsne siusiled  [EUONDSS-SSOID (eduy) uepns “le1s uewsp
LI8FLL6E [4v4 A 3ewsS Ayu [99] Z10T
Mo MOT  008FLC8E L6l ¥9 Sl SIr DM ING ‘IVA -NUWWOS JlIqnd  [BUORSSS-5501D) (ed114y) eAUDY “le 19 9snwQO
|exdsoy ayy
Y6 9y o|ewo AV D Ve 1SaY Buipusne [9] ,€20C
Mo Mo GLFSE 0€5'C 8Lt ot Ele] 149 "HIHM IWg siusleding  [BUONDS-SSOI) (eduyy) BLSBIN  “[e 32 OMjUBMN
09vF LY LS 14 dlewoS STETe) [¥9]
MO UbIH  95'$F59'5T ¥l Ll S 4l NG ‘IVA -N1S AUSISAIUN  [EUOIID3S-5S01D) (ed14y) BUABIN €207 “[2 12 eSn
EVSLF8LEY lev't 16 oeweS S1UBpISal [€al9loz
MO 9IBISPOW  LLOLF /LYY S00T wLlL Bl S V/N AUNWWOD  [BUOIIDSS-SSOID) (elsy) uel|  “|e 12 pawelon
[9LF05€ES gel g€l SeweS YIHM  [eadsoy ayy bul [9]
MO UbIH 6 LF0LYS LL LL S_ I d1V-d4ON DM IWG ‘IVA -pusiie siushed |0]}U03-95e7) (edlyy) Uepns  €20C “|e 13 PesOpy
UOIRD0SSY
[BOIPAIA 359U
o , , -1YD Jo Youelg
SY8FSL/LS P9'S TEFL oleWlsH s912geI[ 4O uon Sjuapisal [19]
MO 21RI9PON  6/'8F9009 €76'l S8 EIE RVEIGRSEN V/N AJUNWWOD  |BUOIIDS-SSOID) (eISY) _UIYD 6107 “le1@ 0N
o ‘ ‘ IAV 1D I8
0€0L+¥C6e ¢S1'SC 680'L olewaA 1S9V ‘149 "YHM [09]
Mo MOT 9901 +900% S'lE S6l'E SN Il d1v¥-d3ON YIHM NG VA S13i0m Auedwo)  [BUONDRS-SSOID) (edoin3) uleds /10T "B 39 seul
80FEO6L 60¢ ¥ o|ewo
[endsoy ay3 bul l6s]
MO S1RI9PO 0¥ €61 0€C S S SIr IVA  -PUSHE SIUdNE]  [PUORDS-SSOID) (eI1sy) euiyd 1207 “[e 32 NN
SuI9dU0d
Aupqesyddy  seiq jo ysiy SIBN-UON  SIB
- eLIdID oSJ01edIpuUl  sdlsudldeIRYd
Z-svavno 4PV azis 9jdwes I9puan dnsoubeip 519N Ausodipe saylQ uonejndod ubisap Apnis uonedo| Apms 1e3) 1oyiny

(panunuod) L ajqey



Page 9 of 20

(2024) 23:198

Witarto et al. Lipids in Health and Disease

€LFSE9 9T 961 Slewa HHM sjuapIsal (o8]
MO MO SLFLLY 91z tOL EIEN S DM IWE ‘IVA AunwwoD  [euondas-ssoi) (e1sy) eulyd /10t “|e 12 bueyz
$3181G
pauun sy jo |
d3ON 94l pue
4d1 9y} Jo euLlD
onsoubelg
OM] 33 U3aMIaq
SIBN dY1 40 Apnis
Ajeuoney pue
0s  6c Slewsy UL [endsoy ayy bul 61
MO UBIH  SL'SLFL09S 0S €5 ElE snsoubelg VA -puanesiudned |PUONDS-SSOID) (e1sy) eulyd 8107 "B 39 UIA
UOI1BIDOSSY
|eDIPa 953U
R , YD Jo youelg
oCLFTSY olcL ¢l SIBWR  so1aqei yo uon [endsoy sy bul (8]
Mo UbIH  O€LF8Y 198 Lt Sl -luyaq S V/N  -pusiesiusiied [eUONI9s-SSOID (e1sy) eulyd  ,Z10¢ “[e 38 buerx
(eduaWy [£/] 600C
S1eISPON ybIH 80LF69¢ ey 8GlL EIEN Il d1¥-d3DN V/N SIOUOP POO|g  [eUON1D3S-5S0I)  YINoS) eunuabiy “|e 19 eayd9|jaL
SLLFSYS 4513 79 m_mrcw“_ mwcwgmw# GD 1102
MO UblH  LLLFSES 66¢ €5 Sl d1V-d4ON V/N AunwwoD  [euondas-ssoi) (9doin3) ureds “le 1o euiane]
6L FEV6E GGS'L 00S oewls xapu| s1uapIsal (eduBWY [S/] 20T
MO MOT 0L8LF0ETY 6¢8'l /0L Sle Il d1V-d3DN OAL'IWE VA AunwiwoD  [euondas-ssoi) UINOS) Niad “|e 19 esoneje|
(uonip3
9107) Sinpy ul
ejwapidisAQ jo
Juawieal] pue
o UONUBARI 3y 10J
L09F€ElCL 81lS ¥/ olewaA sauljlsping _U‘W_HI>> Sjuspisal
MOT  91RIRPON  /6'SFCL'TCL 9s¢ 981 EIEI asaulyD DM ING ‘IVA Aunwwio)  [eUONDS-5S0ID) (eisy) eulyd  [v/] 0Z0T " 19 NS
68 [4% olewo
SE] (eoLRWY
MOT YOIH  v66F8T LY It 6f 3w SIr V/N  SHOMAUSISAIUN  [BUONDSS-SS0ID) YInos) jizelg  [€/]1910C ‘s21e05
suJaduod
Aupqeoyddy  seiq jo sty SIBN-UON SIS
- eLIRMID oSlo1edIpul  sdiysuddRIRYD
Z-Svavno 4PV azis ojdwes I9puan dnsoubeip 519N Ausodipe syl uonejndod ubisap Apnis uonedo| Apms 1eaj Joyiny

(panunuod) L ajqey



Page 10 of 20

(2024) 23:198

Witarto et al. Lipids in Health and Disease

o11e1 1yB19y-01-1s1epn HIHM ‘o1rel diy-01-1SIBA YHM ‘@2UISJWINIID 1sIep\ DM ‘Xdpul Alisodipe [elddsIA [/ ‘9509n|6-9pLadA|BLil DAl
‘UOIIRIASP PIePURIS (S ‘Z S3IPN1S AdBINDDY di3soubelq Jo Juawssassy A1ljend Z-SYayNo ‘|aued uswieal] 3npy-weiboid uorednpd [0191s3|0Y)D) [euoneN d1y-dDN ‘@gejieae Jou Jo ajqedijdde J0N /N ‘@wolpuAs dijogelsiy
SI9[/ ‘JUBWIDIRIS WIIIU| JUIOf Sff ‘UOIIRIDPIS SD19qRI( |RUOIIRUIAIU| 4/ ‘XPUl AHDIUOD [ ‘XdpUl ssaupunol Apog jyg ‘Xapul ssew Apog jg ‘xapul Aysodipe Apog (/g ‘Xapul SWN|OA [eulwopqy JAY ‘Xapul adeys Apoq v /Sgy

sisanbal uo ejep jeuoiippe papiaoid jeyy sioyiny
@S ueaw uj pajuasaid ase eleq o
pa1i0das a1e sasAjeue-e3aW JUSLIND SY} Ul PAsN $103ed1Ipul KluQ .

810¢) 9503510
1A 2104OD]Y JO
luswdieal| pue

YOLFTLOL 6L ezl Sleway UORUSASId 94110}
saullapIng lendsoy ay3 bul (L8l
21es3pO UBIH  ¥E'/ 6669 L0066 3B asauld V/N  -pusnesiusned  |0nu0d-25e) (eISY) BUIYD 60T e 12 Bueyz
suJaO>uod
Aunge>yddy  seiq jo sty SIBN-UON  SIIW
_ el eS403edipul solsueldeleyd

Z-svavno 4PV az1s ajdwes

19pusn dnsoubelp S

Ausodipe 1ay10

uonejndod ubisap Apmis uonedo| Apms 1eaj Joyiny

(Panunuod) 1 3jqey



Witarto et al. Lipids in Health and Disease (2024) 23:198

the patient selection domain in 30 studies, the index test
domain in 19 studies, and the reference standard domain
in 23 studies. The risk of bias in the flow and timing
domain was high in only one study, and the rest were low.
Assessments on overall concerns of applicability showed
low results for 38 studies.

Pooled MD meta-analysis

The number of studies included in the pooled MD meta-
analysis for male was 18 (Supplementary Fig. 2A) with
a total of 54,335 subjects (7,671 MetS and 46,664 non-
MetS). The result showed that LAP in men with MetS
was significantly higher than in those without MetS by
45.92 units (95% CIL: 36.11-55.72; P<0.001). The het-
erogeneity level was high (P=99%). In the analysis for
female, 21 studies involving 50,751 subjects (9,602 MetS
and 41,149 non-MetS) were included (Supplementary
Fig. 2B). LAP in women with MetS was also significantly
higher than in those without MetS by 41.70 units (95%
CIL: 37.16-46.24; P<0.001). The level of heterogeneity
was high (?=97%). The funnel plots for publication bias
analysis were somewhat asymmetrical for male (Sup-
plementary Fig. 3A) and female (Supplementary Fig. 3B)
analyses. Nevertheless, the Egger’s tests showed insignifi-
cant results for both male (Z: 0.72; P=0.473) and female
(Z: 1.45; P=0.147), suggesting no potential publication
bias. In the male analysis, six studies [40, 50, 52, 60, 65,
75] were detected as outliers (Supplementary Fig. 2A),
while in female (Supplementary Fig. 2B), eight studies
[40, 52, 55, 60, 62, 65, 67, 75] were detected as outliers.
Sensitivity analyses using leave one-out and other meth-
ods showed that the significance of the results for male
and female was robust. The summary of the sensitivity
analysis results for MD meta-analyses is shown in Sup-
plementary Table 5.

Pooled OR meta-analysis

Six studies with a total of 17,857 subjects (4,910 MetS and
12,947 non-MetS) were included in the male OR meta-
analysis (Supplementary Fig. 4A). The result showed that
LAP had a significant association with MetS in men (OR:
1.07; 95% CI: 1.06-1.09; P<0.001), with a high level of
heterogeneity (*=83%). In the female analysis (Supple-
mentary Fig. 4B), seven studies involving 29,018 subjects
(8,835 MetS and 20,183 non-MetS) were included. LAP
was also significantly associated with MetS in women
(OR: 1.08; 95% CI: 1.07-1.10; P<0.001). The heterogene-
ity level was high (I?=95%). Although the funnel plots
(Supplementary Fig. 5A and Supplementary Fig. 5B)
showed a rather asymmetrical distribution of studies,
Egger’s test results showed no potential publication bias
for both male (Z: 1.14; P=0.255) and female analyses (Z:
1.55; P=0.122). No outliers were found in male analysis
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(Supplementary Fig. 4A), while in female analysis, one
study by Li et al. (2022) [56] was detected as an outlier
(Supplementary Fig. 4B). There were no studies with a
sample size of <100 in both analyses. Results of the sen-
sitivity analyses using leave-one-out and other methods
showed no substantial change in the pooled results for
male and female. Supplementary Table 6 summarizes the
sensitivity analysis results for all OR meta-analyses.

Diagnostic accuracy meta-analysis

Thirty-nine studies involving 98,164 participants (18,331
MetS and 79,833 non-MetS) were included in the male
diagnostic accuracy analysis. For detecting MetS in men,
LAP had a pooled sensitivity of 85% (95% CI: 82%—87%;
P=95%) and a pooled specificity of 81% (95% CI: 80%—
83%; I=95%; Fig. 2A). The diagnostic accuracy meta-
analysis for female included 41 studies with 104,149
participants (25,327 MetS and 78,822 non-MetS). The
pooled sensitivity and specificity of LAP in women were
83% (95% CI: 80%—86%; =94%) and 80% (95% CI:
78%—82%; I>=98%), respectively (Fig. 2B). The AUSROC
curve analysis showed a value of 0.88 (95% CI: 0.85-0.90;
Fig. 3A) for male and 0.88 (95% CI: 0.85-0.91; Fig. 3B) for
female, indicating that LAP had an excellent screening
accuracy for MetS in both genders. The included stud-
ies in both analyses used a varied range of LAP cut-off
values, which may cause a threshold effect. Nonetheless,
Spearman’s analyses showed weak and insignificant cor-
relations for both male (r: 0.008; P=0.961) and female
(r: -0.163; P=0.289), suggesting the heterogeneity was
unlikely to be caused by a threshold effect. Results of the
Deeks’ funnel plot for both male (?=0.38; Supplemen-
tary Fig. 6A) and female analyses (P=0.65; Supplemen-
tary Fig. 6B) indicated no publication bias.

Sensitivity analysis results for the diagnostic accuracy
outcomes are summarized in Supplementary Table 7.
Leave-one-out analyses showed that the pooled diagnos-
tic accuracies in male and female were robust. The bivari-
ate boxplot for male (Supplementary Fig. 7A) revealed
six study outliers [40, 42, 44, 54, 60, 62] and the bivariate
boxplot for female (Supplementary Fig. 7B) showed ten
study outliers [40, 43, 44, 46, 58, 60, 64, 65, 78, 81]. Exclu-
sion of the outliers, studies with a high risk of bias, and
a sample size of <100 showed no substantial change in
the pooled results for both male and female analyses. It is
worth noting that there was also no overestimation of the
LAP diagnostic accuracies due to the moderate and high
risk of bias studies.

Subgroup and meta-regression analyses

Details of the subgroup and meta-regression analysis
results are presented in Table 2. In male and female
analyses, there were significant differences in the
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sensitivity and specificity of LAP between studies
that used JIS and other criteria (P<0.01), studies con-
ducted in Asia and outside Asia (P<0.01), and studies
involving community residents and other populations
(P<0.01). Additionally, the subgroup analysis in female
showed significant differences in the accuracy of the
LAP between cross-sectional and case—control stud-
ies (P=0.02). All meta-regression analyses showed
that publication year, mean population age, and study
sample size had no significant influence in the pooled
results of both genders.

Comparison of diagnostic accuracy between LAP and other
adiposity indicators for MetS

For comparative analyses, the diagnostic accuracies of
indicators other than LAP reported by the included stud-
ies were pooled (Table 3). Results showed that the AUS-
ROC curves of LAP in both men (0.88) and women (0.88)
are significantly higher than most of the indicators, such
as BMI, WHtR, WHR, BRI, ABSI, BAI, and CI (P<0.05).
The AUSROC curve of LAP was also higher than that of
WC (P=0.019) and AVI (P<0.001) in female. Although
there were no statistically significant differences, the
AUSROC curve of LAP in male (0.88) and female (0.88)
was yet higher than that of VAI in male (0.87; P=0.880),
VAI in female (0.85; P=0.117), and TyG index in male
(0.86; P=0.378). Contrarily, the AUSROC curve of LAP
in male (0.88) was lower than that of AVI (0.92; P=0.039)
which was obtained from analyzing only four studies.

Discussion

Main findings

The current meta-analysis demonstrated significantly
higher mean values of LAP in male and female patients
with MetS than those without MetS. LAP was also posi-
tively associated to MetS in both men and women, indi-
cating that an increase in LAP would increase the risk
of having MetS. As a screening tool for MetS, LAP had
moderate-to-high sensitivities and specificities with
AUSROC curves of 0.88 in both men and women, denot-
ing that LAP had an excellent performance in detecting
MetS.

LAP was first introduced as a more effective tool than
BMI in detecting cardiovascular risks in adults, which
combined WC and TG to describe the anatomical and
physiological changes associated with visceral fat depo-
sition. These two measurements are used to indicate the
human body’s capacity to store fat reserves. Hence, an
increase in LAP may reflect excessive lipid in ectopic tis-
sues, such as the liver, skeletal muscles, heart, blood ves-
sels, kidneys, and pancreas, or also referred to as visceral
adiposity [10]. LAP also significantly correlates to several
components of MetS, including blood pressure, blood
glucose, and HDL-C [12]. This evidence may explain the
significant association between LAP and MetS and the
high screening accuracy of LAP.

According to the subgroup analysis, the diagnostic
accuracies of LAP varied based on the criteria for defin-
ing MetS. This finding may be caused by the difference
in thresholds of each diagnostic criterion to define the
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components of MetS. In addition, there was a notice-
able contrast in the indicator used for defining obesity
between IDF, which uses BMI [22], and JIS and NCEP-
ATP III, which use WC [20, 21]. Furthermore, the cur-
rent results showed differences in the diagnostic accuracy
of LAP based on the study region. This finding could
be explained by the differences in races and ethnicities
between the study populations. Nazare et al. [82] found
a distinct pattern of visceral fat tissue distribution identi-
fied by computed tomography in various races and eth-
nicities. It is also to be noted that the current subgroup
analysis results were in line with a previous meta-analy-
sis investigating the screening accuracy of VAI, another
adiposity indicator similar to LAP [83]. Also, the meta-
regression analysis showed that age had no significant
influence on the sensitivity and specificity of LAP in men
and women. This finding indicates that LAP had a con-
sistent performance across different adult age groups.

Application of LAP for the screening of MetS

Aside from LAP, there were numerous obesity- and lipid-
related indicators that have been investigated as a screen-
ing tool for MetS, such as VAL, BMI, WC, WHtR, WHR,
BRI, ABSI, BAI CI, TyG index, and AVI [40, 69]. Sev-
eral of these, including BMI, WHtR, WHR, BRI, ABSI,
BAI, CI, and AVI], are indicators developed only using
anthropometric measurements, such as WC, weight,
and height. The TyG index was derived from only bio-
chemical measurements, that is blood glucose and TG.
Recently, researchers have become more interested in
combining anthropometric measurements and biochem-
ical markers as a single indicator, which from then, LAP
[10] and VAI [84] were developed.

This meta-analysis demonstrated that LAP had a supe-
rior diagnostic ability for MetS compared to BMI, WHtR,
WHR, BRI, ABSI, BAI, and CI. However, the performance
of LAP was not significantly different from that of VAI in
men and women. A meta-analysis in 2021 by Bijari et al.
[83] found that VAI had an AUSROC curve of 0.847 in
detecting MetS. When qualitatively compared with this
study’s findings, LAP showed a higher diagnostic per-
formance. Despite no difference in accuracies according
to this study’s findings, LAP can be considered a more
practical tool than VAI to be used in daily clinical prac-
tice. LAP requires fewer factors for its derivation (i.e.,
WC and TG), while VAI has a more complex formula and
is comprised of several factors (i.e., WC, TG, BMI, and
HDL-C) [10, 84]. This evidence further supports LAP as
an efficient marker, reducing the cumulative cost of MetS
screening if used in a large population [50].

Besides VAL the AUSROC curve of LAP was not sig-
nificantly different from that of TyG index in men and
women and was lower than that of AVI in men. The most
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recent meta-analysis in 2022 by Nabipoorashrafi et al.
[85] found that TyG index had an AUSROC curve of 0.90
for detecting MetS in men from analyzing five studies. In
women, from five studies, the study found an AUSROC
curve of 0.87. When qualitatively compared, LAP had a
higher diagnostic value in women and lower in men, but
with a more consistent performance between both gen-
ders (0.88). Furthermore, although LAP had a lower diag-
nostic performance than AVI in men, the AUSROC curve
of AVI in men (0.92) and women (0.72) did not demon-
strate a consistent diagnostic value. These findings suggest
that LAP may preferably be used than other indicators for
detecting MetS universally in men and women. Addition-
ally, LAP requires a lesser cost than the TyG index due to
the involvement of only one biochemical measurement.

There was also no significant difference in the diagnos-
tic performance of LAP and WC in men. This finding is
interesting, considering that WC only requires one anthro-
pometric measurement, making it a more cost-effective
indicator. However, previous studies argued that WC is not
a reliable parameter to comprehensively reflect metabolic
abnormality since it cannot distinguish between subcuta-
neous and visceral fat tissues [11, 86]. It has been known
that the most important factor in the pathogenesis of MetS
is visceral lipid accumulation [87]. Hamdy et al. [88] also
showed that visceral adiposity correlates more strongly to
cardiometabolic risks than subcutaneous fat tissues. On
the other hand, LAP was found to have a strong positive
correlation to the visceral to subcutaneous fat area ratio
assessed using computed tomography [89]. Computed
tomography itself is considered the gold standard in meas-
uring abdominal fat composition, including the visceral
fat level [90]. Hence, LAP can be argued as a more reli-
able tool for identifying MetS. As previously stated, BMI,
WHIR, WHR, BRI, ABSI, BAIL CI, and AVI are indicators
derived from anthropometric measurements, meaning
that they would require lesser costs as a screening tool.
However, in terms of accuracy, LAP, with the addition of
only a single biochemical measurement for its calculation,
performed favorably better than these indicators, suggest-
ing its effectiveness for the screening of MetS.

The clinical implementation of LAP as a screening tool
in practice will need a particular cut-off value to distin-
guish patients with MetS from those without MetS. To
determine this value with the best diagnostic accuracies,
it would require enough studies reporting similar cut-offs,
which were then pooled together in a subgroup analy-
sis [83]. However, the current included studies reported
various values as the authors used a data-driven thresh-
old to demonstrate the best sensitivity and specificity,
also known as the optimal cut-off value. The variability of
cut-off values between studies might be due to differences
in races, ethnicities, lifestyles, MetS diagnostic criteria,
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gender, and age [83]. As an example, Nascimento-Ferreira
et al. [13] reported various optimal cut-offs for LAP based
on gender and age groups (i.e., 64.1 for men<50 years,
36.4 for men > 50 years, 38 for women <50 years, and 34.2
for women > 50 years). Nevertheless, threshold effect anal-
yses showed that this variability of cut-offs did not signifi-
cantly affect the meta-analysis results.

Strengths and limitations

This study is the first systematic review and meta-analy-
sis that comprehensively investigated LAP as a potential
screening tool for MetS and its comparison with other
adiposity indicators. The total sample accumulated for
both genders was appreciable (>95,000), supported by the
wide range of areas covered in Asia, America, Africa, and
Europe, to value the utility of a screening tool in a large
population. The current meta-analysis also revealed no
potential publication bias and included studies with lan-
guages not limited only to English, minimizing the effect
of language bias due to the selection of studies published
in certain languages [91]. Yet, some limitations still exist.
First, this meta-analysis showed a high heterogeneity
between studies. In this regard, subgroup and meta-regres-
sion analyses have been performed to identify the potential
sources of heterogeneity. The results revealed that differ-
ent MetS diagnostic criteria, study regions, and population
characteristics in male and female analyses significantly
influenced the pooled accuracies. Additionally, the study
design was significantly associated with the pooled effect
in the female analysis. Second, the quality of most studies
was yet low to moderate. Nevertheless, sensitivity analyses
have showed that the moderate- and high-risk studies did
not cause an overestimation of the pooled results. Third,
although the current study has attempted to statistically
compare the diagnostic performance of LAP with other
adiposity indicators, the data for the other indicators was
obtained limited to studies included in the current meta-
analysis. Hence, serving as a pilot study, there still might
be a possibility of an underestimation or overestimation
of their pooled diagnostic accuracies from the true values.
Yet, the pooled accuracies of several indicators, such as
VAI and TyG index, were similar to that reported in meta-
analyses centered on investigating each indicator by Bijari
et al. [83] and Nabipoorashrafi et al. [85]. Finally, this
study is still unable to compare LAP to several indicators,
such as neck circumference (NC) [92], hip circumference
(HC) [65], and waist-triglyceride index (WTI) [41], due to
the insufficient number of studies (7 <4).

Conclusion and recommendations

As a simple and inexpensive tool, LAP had a satisfac-
tory and consistent screening accuracy for MetS in
general adult males and females, outperforming other
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similar adiposity indicators. Given the growing preva-
lence of MetS and the high economic burden due to
MetS, the findings of this study may support the appli-
cation of LAP in a large population screening, espe-
cially in low-resource settings. However, due to the
high heterogeneity in the current meta-analysis, future
larger studies are recommended to focus on comparing
the screening ability of LAP for MetS among different
races, ethnicities, study designs, diagnostic criteria,
age groups, and other specific modifying factors that
could not be identified in this study, including socio-
economic factors, lifestyle, and comorbidities. Further
research is also suggested to perform direct compara-
tive analyses between the diagnostic performance of
LAP and other indicators that have or have not been
investigated in this study to corroborate the current
findings. At the same time, there is still in need for
researchers to conduct well-designed studies aiming to
establish optimal cut-off values of LAP for use in daily
practice. Besides, one study by Ding et al. [93] showed
an interesting finding, by which the authors found that
the diagnostic accuracy of LAP for MetS is increased
when combined with other markers (e.g., WC and
WHtR) using a logistic regression model. Based on
this finding, oencourage more studies investigating the
combination of LAP with other metabolic markers or
possibly modifying the formula of LAP to increase its
diagnostic performance.
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