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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% CI: 82%–87%), specific-
ity of 81% (95% CI: 80%–83%), and AUSROC curve of 0.88 (95% CI: 0.85–0.90), while in women, LAP had a sensitivity 
of 83% (95% CI: 80%–86%), specificity of 80% (95% CI: 78%–82%), and AUSROC curve of 0.88 (95% CI: 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 (CI) 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] × [TG 
(mmol/L)] for men, and [WC (cm) – 58] × [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. 

Keywords Lipid accumulation product, Diagnostic test accuracy, Meta-analysis, Metabolic syndrome, Non-
communicable disease, Screening
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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 × 2 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) 

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 2 × 2 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’ I2 statistic as rec-
ommended by Cochrane. The I2 is a widely used measure 
calculated from the Q statistic to depict the extent of 
heterogeneity between studies in a meta-analysis. An I2 
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.

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% CIs 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% CIs 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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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 İlhan 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 

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
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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% CI: 36.11–55.72; P < 0.001). The het-
erogeneity level was high (I2 = 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% 
CI: 37.16–46.24; P < 0.001). The level of heterogeneity 
was high (I2 = 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 (I2 = 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 (I2 = 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 

(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%; 
I2 = 95%) and a pooled specificity of 81% (95% CI: 80%–
83%; I2 = 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%; I2 = 94%) and 80% (95% CI: 
78%–82%; I2 = 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 (P = 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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Fig. 2 Forest plots of the pooled sensitivity and specificity of LAP for the screening of MetS in (A) men and (B) women. CI, confidence interval; LAP, 
lipid accumulation product; MetS, metabolic syndrome
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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 

Fig. 3 AUSROC curves of LAP for the screening of MetS in (A) men and (B) women. AUC, area under the curve; AUSROC, area under the summary 
receiver operating characteristic; LAP, lipid accumulation product; MetS, metabolic syndrome; SENS, sensitivity; SPEC, specificity; SROC, summary 
receiver operating characteristic
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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 VAI, 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 VAI, 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 

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, 
WHtR, WHR, BRI, ABSI, BAI, 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 (n < 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 

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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