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Abstract

Purpose Novel anthropometric measures are simple, applicable, and inexpensive tools for cardiovascular risk assessment.
This study evaluates the association of lipid accumulation product (LAP) with hypertension, type 2 diabetes mellitus (T2DM),
and all-cause mortality, and compares it with other anthropometric measures.

Methods PubMed, Web of Science, EMBASE, and Scopus were systematically searched for articles published until May
15, 2021. We included all the studies that had measured LAP predictability for T2DM, all-cause mortality, and hyperten-
sion with no limitation in comorbidities and follow-up duration. We assessed the predictability measures of LAP for the
aforementioned outcomes. We also performed a meta-analysis on four articles on mortality using an inverse variance method
by the “meta” package in R software.

Results Twenty-nine studies were included in the review after applying the eligibility criteria. The hazard ratio for all-cause
mortality per one standard deviation increment of LAP was 1.24 (95% confidence interval [CI]: 1.00-1.53; P=0.0463) in
females, and 1.07 (95% CI: 0.74-1.57; P=0.709) in males. All included studies found a direct association between LAP with
T2DM and hypertension. However, studies used different cut-off points for LAP. Most studies found that LAP was superior
in predicting T2DM and hypertension compared to conventional indices, e.g., body mass index and waist circumference.
We found that LAP may have higher prognostic significance in females compared to males.

Conclusion LAP is an inexpensive method to evaluate the risk of all-cause mortality, T2DM, and hypertension, and could
outperform conventional anthropometric indices in this regard.

Keywords Lipid accumulation product - LAP - Type 2 diabetes mellitus - Hypertension - Mortality - Anthropometric
measure
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Introduction

Obesity and overweight are among the principal modifia-
ble risk factors for coronary heart disease (CHD), ischemic
stroke, hypertension, metabolic syndrome, and type 2 dia-
betes mellitus (T2DM) [1, 2]. According to World Health
Organization (WHO), 39% of adults were overweight, as
11% of males and 15% of females were obese in 2016
globally; therefore, more than half a billion adults suffer
from obesity and overweight worldwide [1]. Moreover,
hypertension and T2DM are global health concerns since
their global prevalence has an increasing trend [3, 4].
Screening and early detection of the high-risk populations
for chronic diseases could contribute to controlling their
morbidity and mortality [5].

Anthropometric measures are applicable tools for
screening and early detection of weight-related disorders,
having the advantages of simplicity. Notable among these
are body mass index (BMI) [5], waist circumference (WC),
hip circumference (HC), waist-to-hip ratio (WHR; the
ratio of WC to HC), and waist to height ratio (WHtR; the
ratio of WC to height) [6]. While BMI is the best known
and most widely used anthropometric index, it has major
limitations for the determination of body fat mass. For
instance, BMI is not able to show fat distribution and is
affected by age and sex; therefore, there is a need to inves-
tigate more powerful indices [7, 8].

Several new anthropometric measures have recently
been recommended, and different studies have evaluated
their performances in predicting chronic diseases. Abdom-
inal volume index (AVI), body adiposity index (BAI),
body shape index (ABSI), body roundness index (BRI),
and lipid accumulation product (LAP) are a few examples
that are associated with CHD [9, 10]. LAP was introduced
by Kahn in 2005 [11]. Kahn suggested that “BMI may
not be the best marker for estimating the risk of obesity-
related disease”, and LAP could be a better predictor of
the incidence of cardiovascular diseases than BMI. Stud-
ies have reported a correlation between LAP and insulin
resistance [12]. Moreover, the accuracy of LAP for pre-
dicting metabolic syndrome has been validated, and it was
demonstrated that LAP is superior to other indices in this
regard [13]. There is evidence that LAP can be used in pre-
dicting long-term cardiometabolic diseases among females
with higher accuracy than other anthropometric and cen-
tral obesity markers [14]. Furthermore, the results of a
retrospective study revealed that LAP is associated with
mortality, but that in some cases like diabetic patients, this
association is not present [15].

Although many studies have evaluated and compared
the predictability of different anthropometric measures,
contradictory findings are confusing and complicate
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choosing an appropriate obesity index for practice and
screening. Systematic reviews and meta-analyses might
help us to determine which anthropometric measures are
more appropriate for screening a specific subgroup of the
population. We aimed to systematically review the litera-
ture and perform a meta-analysis to establish the correla-
tion between LAP and T2DM, mortality, and hypertension.

Methods

This review was conducted in compliance with the review
protocol registered on PROSPERO, PROSPERO 2019
CRD42019142239 [16]. It is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [17].

Study eligibility criteria

Studies were included if: (1) they were conducted among
adults above 18 years of age; (2) used LAP (calculated by
the following formula: male LAP =[WC (cm) — 65] X Tri-
glyceride (TG) concentration (mmol/l) and female
LAP=[WC (cm) — 58] X TG concentration (mmol/l)) as
an exposure variable; (3) described the desired outcomes:
hypertension, T2DM, and mortality; (4) studies that
have evaluated the predictability of LAP for the above-
mentioned health outcomes; (5) published in the English
language; (6) published in peer-reviewed journals before
May 15, 2021 (search date). The following studies were
excluded: (1) case reports, letters, editorials, commentary
articles, review articles, abstracts, and protocols; (2) arti-
cles that have reported no health outcome related to LAP.
The selected studies were not limited due to comorbidities
and follow-up duration.

Search strategy

Two authors (S.K. and A.A.) systematically and indepen-
dently searched the electronic databases PubMed, Web of
Science, EMBASE, and SCOPUS for related studies from
inception to May 15, 2021. We developed our search strat-
egy in PubMed and subsequently searched other databases
through the following medical subject headings (MeSH)
terms and free keywords: “Lipid Accumulation Product”,
“Hypertension”, “Blood Pressure”, “Diabetes Mellitus”,
“Diabetes Mellitus Type 27, and “Mortality”. The search
strategy is provided in the Supplementary Material. All
records were transferred to EndNote software, and the dupli-
cates were removed.
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Data extraction and preparation

Three authors (S.K., H.T., and A.A.) independently screened
the titles and abstracts to apply inclusion/exclusion crite-
ria. The full text was reviewed thoroughly if any article’s
admissibility remained unclear. Following the selection of
eligible studies, a comprehensive full-text review and data
extraction were conducted by two authors (S.K. and H.T.)
independently. Standardized data extraction forms were used
to compile the variables comprising of methodological fea-
tures (first author and year of publication, country, study
type, source of data, population size, percentage of females,
comorbidities, age of population, follow-up duration,
method of LAP determination, statistical analysis, adjust-
ment for confounders), outcome (T2DM, hypertension, and
mortality), predictability measure (odds ratio [OR], area
under receiver operating characteristic curve [AUC], haz-
ard ratio [HR], relative risk [RR], and Poisson regression)
and predictability of other anthropometric measures (BMI,
WC, WHR, WHtR, VAI, BAI, and others). Disagreements
in any of the steps were resolved through discussion and a
third author’s opinion.

Quality assessment

Study quality was evaluated with the National Institutes of
Health’s (NIH) Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies [18]. This tool has 14
criteria to evaluate each study, and each criterion should
be answered with “Yes”, “No”, or “Other” (cannot deter-
mine, not applicable, not reported). After determining the
answer to each question, each study was scored as good, fair,
or poor. Two authors (S.K. and H.T.) independently rated
included articles according to the NIH checklists. The qual-
ity assessment was not used to exclude studies but made the
robustness of the evidence clear. Discordance in ratings was
resolved through discussion or arbitration by a third author.

Table 1 Excluded articles after full-text evaluation

Statistical analyses

Meta-analysis was performed to assess the predictability
of LAP for the desired outcomes if two or more studies
reported the same outcome measure. According to sex dif-
ferences in LAP, the meta-analysis was done for each sex
separately. The meta-analysis was done on mortality papers
using an inverse variance method, and the random-effects
model was reported. Heterogeneity was evaluated by /2 and
7% tests with a P<0.1 as evidence of heterogeneity. We used
R statistical software version 4.0.3 and the “meta” package,
including “metagen” command for this purpose.

Results
Study selection

Our search identified 684 publications, including 185 arti-
cles from Embase, 169 articles from Web of Science, 138
articles from PubMed, and 192 articles from Scopus. After
removing duplicates, 301 records were screened through title
and abstract, and 267 citations were removed. We reviewed
the full-text of 34 articles, and five articles were excluded
due to the following reasons: (1) Insufficient data (three arti-
cles), (2) Combination with undesired data (one article), and
(3) Different LAP formula (one article). Finally, 29 articles
were included in our study (Table 1). Figure 1 shows a flow
diagram of study selection.

Study characteristics

The baseline characteristics of included records are illus-
trated in Table 2. Studies have been conducted in 14 coun-
tries (China=12, Iran=3, Korea=2, Brazil=1, Serbia=1,
USA =2, Italy=1, Romania=1, Japan=2, Mongolia=1,
Germany = 1, Poland =1, Thailand =1, Netherlands =1).

Author/Year Title

Reason of exclusion

H. S. Kahn, 2006 [19]

The Lipid Accumulation Product Is Better Than BMI For Identifying

Insufficient data

Diabetes: A Population-Based Comparison

Hamsaveena, 2014 [20]
Women

Wanderley Rocha, 2017 [21]

Lipid Accumulation Product As A Novel Index To Predict Diabetes In

Visceral Adiposity Measurements, Metabolic and Inflammatory Pro-

Insufficient data

Insufficient data

file in Obese Patients with and Without Type 2 Diabetes Mellitus: A

Cross-sectional Analysis
N. Ahn, 2019 [22]

Prediabetes And Diabetes
Y. Wang, 2020 [23]

Visceral Adiposity Index (VAI), Lipid Accumulation Product (LAP),
And Product Of Triglycerides And Glucose (Tyg) To Discriminate

A Novel Indicator, Childhood Lipid Accumulation Product, Is Associ-

Combined with undesired data (Diabetic
and prediabetic patients were not
separated)

Different LAP formula (childhood LAP)

ated With Hypertension In Chinese Children And Adolescents
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Identification of studies via databases and registers

Records identified from:

£ e PubMed=138
g e  Scopus=192
Eé ¢ Embase=185
s e ISI=169

= e Total=684

—> ¢ Duplicate records

I

Records screened

(n=301)
'

Reports sought for retrieval

»| Reports not retrieved

(n=34)
I

Screening

Reports assessed for eligibility
(n=34)

—> e Insufficient data (n=3)

Studies included in review
(n=29)

Studies included in meta-
analysis (n=4)

Included

Fig.1 PRISMA flowchart

Eighteen studies were cross-sectional, and 12 studies were
prospective or retrospective cohorts. The sample size in the
studies varied from 264 to 215,651, and the range of follow-
up duration in cohort studies was from 5 to 18.1 years. The
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Records removed before
screening;

removed (n=383)

Records excluded
(n=267)

(n=0)

Reports excluded:

¢ Combined with
undesired data (n=1)

¢ Different LAP formula
(childhood LAP) (n=1)

sample of 26 studies was the general population, and the
others had evaluated people with specific conditions like
menopausal women, post-menopausal women, and people
with hypertension. In all the studies, LAP was measured
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objectively, and none of them were self-report. The min-
imum age in the studies was 18. All of the studies were
adjusted for some health-related items (e.g., age; smoking;
systolic blood pressure; family history of premature CVD;
diabetes; antihypertensive drug use; HDL and non-HDL
cholesterol; FPG (fasting plasma glucose); 2hPCPG (2 h
post-challenge plasma glucose); socioeconomic status (rural/
urban setting; region; education level; family income); alco-
hol use; ALT; Apo-lipoprotein Al; Apo-lipoprotein B; uric
acid; bilirubin, creatinine, eEGFRMDRD (continuous vari-
ables); VAI; hsCRP, WC, TG, WHR, Hypolipemics, BMI,
physical activity, SHBG, physical activity level, race, mar-
riage status, eGFR, and antidiabetic treatment).

Table 3 illustrates study outcomes with their statistical
measures. Study outcomes are hypertension, mortality, and
diabetes. Statistical measures include OR, AUC, HR, RR,
and Poisson regression.

Study quality assessment

The result of the study quality assessments is summarized
in Table 4. Overall, based on the NIH criteria, 16 studies
scored as good, nine studies as fair, and three studies as poor.
However, we decided to include all the studies.

Mortality

Four articles studied the association of LAP with all-cause
mortality [15, 24-26]. Two of them also assessed other
adiposity indicators to compare their predictability power
for mortality with each other [24, 26]. One of the studies
showed an inverse association between LAP and all-cause
mortality after adjustment [24], while the others showed
positive association only in specific subgroups [15, 25, 26].
Bozorgmanesh et al. (2010) evaluated the predictive perfor-
mance of LAP for all-cause mortality and compared LAP
with other anthropometric measures. They assessed HR to
describe the contribution of LAP to the risk of all-cause
mortality for one SD increment, and LAP was in natural
logarithm transformed. The results surprisingly revealed
that LAP after adjustment is inversely associated with all-
cause mortality, which was only statistically meaningful for
males. Besides, LAP was no better predictor in compari-
son with other anthropometric measures [24]. loachimescu
et al. (2010) examined the association of LAP with all-cause
mortality among patients with high cardiovascular risk and
compared it with BMI. They assessed HR to describe the
contribution of LAP to the risk of all-cause mortality for
one SD increment, and LAP was in natural logarithm trans-
formed. The results indicated that after adjustment, LAP
is significantly associated with all-cause mortality. Moreo-
ver, LAP in nondiabetic subgroups showed a statistically
meaningful association with all-cause mortality, and no

strong association in diabetic groups was detected. Also,
the results revealed that LAP is a better predictor for all-
cause mortality than BMI (8.2 vs. 5.4% mortality at 6 years)
[15]. Kahn et al. (2012) compared the power of different
anthropometric measures for predicting all-cause mortal-
ity in non-elderly adults. They assessed quartiles and SD
for their statistical analysis. In multiple adjusted models,
in black females, LAP showed a positive association with
mortality at p75. In addition, Tobacco exposure in both sexes
showed the highest mortality risk for LAP at p75. It is worth
mentioning that in this article, considering all the results,
LAP had a weak association with all-cause mortality [26].
Wehr et al. (2011) studied the association of LAP with mor-
tality in post-menopausal women and men. They measured
HR for tertile, first tertile as a reference, and HR for one SD
increase in LAP. In model 1 and model 3, LAP showed a sta-
tistically significant association with all-cause mortality in
post-menopausal women. However, there was no significant
association between LAP and all-cause mortality in men.
Moreover, they did not detect any association between BMI
and all-cause mortality at all [25].

The meta-analysis was done for four studies [15, 24-26]
in females and three studies in males [15, 24, 26] (Fig. 2).
We found that the HR of all-cause mortality per one SD
increment in LAP in females is 1.24 (95% CI [1.00-1.53];
P=0.0463). We found a marginally non-significant het-
erogeneity between the four included studies (I*=50%,
2=0.0231;P=0.1 1) [15, 24-26]. Except for one study [24],
others found a positive association between LAP increments
and all-cause mortality in females. In the male subgroup,
three studies [15, 24, 26] were included, and we found that
one SD increment in LAP non-significantly increases the
hazard of all-cause mortality (HR: 1.07; 95% CI [0.74-1.57];
P=0.709); however, significant heterogeneity was detected
(I2 =91%, *=0.1004; P< 0.01). Similar to females, except
for one study, others reported a positive association between
LAP and all-cause mortality in males.

Hypertension

Ten studies evaluated the association of LAP with hyperten-
sion [27-36]. All of them found a positive and significant
association between LAP and hypertension. All included
studies measured OR for LAP. In addition, five articles also
analyzed AUC for the association of anthropometric meas-
ures with hypertension [30, 32, 34-36].

For the association of LAP and hypertension, Song
et al. reported the highest OR for the fourth quartile vs.
The first quartile in both sexes (unadjusted OR: 6.35; 95%
CI [4.39-9.12]) and for Q4 vs. Q1. Huang et al. similarly
reported the highest OR for males (OR: 17.82; 95% CI
(9.21-34.46]) and for females (Model 1 OR: 20.06 95%
CI [11.37—35.38]) [28, 32, 34, 35]. The lowest OR for

@ Springer
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Female
Study author, year Hazard Ratio HR 95%-Cl Weight
Bozorgmanesh et al., 2010 —— 0.88 [0.60; 1.30] 18.7%
loachimescu et al., 2010 ——— 1.61 [1.20; 2.17] 25.1%
Wehr et al., 2011 —T . 1.19 [0.86; 1.64] 23.1%
Kahn et al., 2012 — . 1.27 [1.02; 1.58] 33.0%
Random effects model — 1.24 [1.00; 1.53] 100.0%
Heterogeneity: /2 = 50%, 1 = 0.0231, p = 0.11 ! '
Test for overall effect: z = 1.99 (p = 0.046) 0.5 1 2

Male

Study author, year
Bozorgmanesh et al., 2010
loachimescu et al., 2010
Kahn et al., 2012

Random effects model

HR  95%-CI

Hazard Ratio

Weight
0.74 [0.61; 0.90] 33.8%
1.38 [1.15; 1.66] 34.1%
1.22 [0.96; 1.56] 32.1%

1.07 [0.74; 1.57] 100.0%

Heterogeneity: /12 = 91%, 1 = 0.1004, p <0.01 !
Test for overall effect: z = 0.37 (p = 0.709) 0.5

Fig.2 The HR of all-cause mortality per one SD increment of LAP in females and males

Q4 vs. Q1, for the association of LAP with hypertension,
was reported by Huang et al. for males (Model 3 OR: 2.79;
95% CI [1.43—5.44]) and females (Model 3 OR: 3.15;95%
CI [1.56—6.39]) [35]. Ngoc et al. reported the lowest OR
for 1 SD increase in both sexes (Model 3 OR: 1.602; 95%
CI[1.535-1.671]). Ngoc et al. also analyzed AUC in each
sex and different age subgroups. They reported the high-
est AUC for 35-49 years old females (AUC: 0.707; 95%
CI [0.681-0.733]) and the lowest AUC for over 65 females
(AUC:0.609; 95% CI [0.589-0.629]) [30]. Although the
results of Gao (2013) et al. (in males) and Song (2018) et al.
(in both sexes) studies indicated that LAP has a stronger
association with hypertension in comparison to BMI, Bala
et al. (2019) revealed that LAP has no better power than
BMI and WC [27, 28, 32]. Song (2018) et al. demonstrated
that LAP is a stronger index for hypertension than WHtR
in females [32]. However, Ngoc (2019) et al. indicated that
WHIR has a stronger association with hypertension (AUC:
0.640 95% CI [0.631- 0.649]) in comparison with other
anthropometric measures (BMI, WC, WHR, VAI, BAI,
CI, LAP) and LAP (AUC: 0.636; 95% CI [0.627-0.645])
is the second strong index in association with hyperten-
sion [30]. Moreover, another study revealed that LAP is a
stronger index for hypertension than WC and VAI in females
[34]. It is also worth mentioning that Song et al. found an

association between LAP and hypertension family history
[32].

Except for two papers, the others had a good or fair
quality based on our quality assessment. Considering all
the included papers, LAP is an appropriate predictor of
hypertension in both males and females, but it seems that
it has better predictability for hypertension in females
compared with males. Additionally, most studies reported
that LAP is a better predictor of hypertension than other
anthropometric measures in at least one sex. LAP also
has interactive effects with smoking and a family history
of hypertension.

Diabetes mellitus

Eighteen articles assessed the association of LAP with inci-
dence or prevalence of T2DM, and all of them revealed that
LAP has a significantly positive association with T2DM
[3, 25, 33, 37-51], with the exception of one study which
demonstrated that LAP has a statistically meaningful asso-
ciation with diabetes only in hypertensive female groups
[51]. The lowest OR for the association of LAP with the
prevalence of diabetes was 1.012 (95% CI [1.006-1.017])
[43]. Lee et al. reported the lowest OR for Q4 vs. Q1 for
females (adjusted OR: 2.44; 95% CI [1.82-3.26]) and males
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(adjusted OR: 2.47; 95% CI [1.82-3.34]) [41]. Wakabayashi
et al. reported the highest OR in the prevalence of diabe-
tes in females (adjusted OR:19.09; 95% CI [6.57-55.50])
[33]. Wakabayashi et al. and Bozorgmanesh et al. assessed
the association of LAP with the prevalence of diabetes in
specific age subgroups. In both studies, ORs were high-
est in the youngest age sub-groups in females. The OR for
females in the first study is 7.00 (95% CI: 4.44-11.04) and
2.1 (95% CI: 1.8-2.5) in the latter. Also, OR in males was
higher in younger age subgroups in the first study (crude
OR: 6.85;95% CI [4.45-10.56]) [37, 46]. Five studies evalu-
ated HR for predicting diabetes with LAP [38, 40, 47, 48,
50]. The lowest HR in males and females was 0.96 (Model
5; 95% CI [0.81, 1.15]) and 9.058 (unadjusted; 95% CI
[6.377-12.867]), respectively [38, 50]. In AUC analysis,
the highest AUC for incidence of diabetes in females was
0.78 in the 20—49 years old age sub-group, and the highest
prevalence of diabetes in males was 0.81 in the > 50 years
old age sub-group [37]. Three studies compared anthropo-
metric measures with each other, and all of them revealed
that the triglyceride glucose (TyG) index is the strongest
index for predicting diabetes [38, 40, 41]. Seven articles
found that LAP has a stronger association with diabetes in
females in comparison with males [25, 33, 38, 42, 44, 46,
48]. Four articles reported that LAP is a stronger index than
WC in association with diabetes, whereas Kavaric et al.
analyses suggest that LAP and VAI are not better than WC
and HDL-c, and Wang B et al. reported that AUC for LAP
and WC is similar [39, 41, 44, 45, 47, 48]. Different articles
reported that LAP has a stronger association with the inci-
dence or prevalence of diabetes in comparison to HOMA-
IR, BMI, CMI, BAI, VAL, WHtR, and WHR [42, 44, 45].
Meanwhile, it is worth mentioning that Bozorgmanesh et al.
suggested that LAP is only better for the prevalence of dia-
betes in females in comparison to BMI, WHtR, and WHpR.
In contrast to BMI, WHR, and WHtR, LAP showed only a
statistically stronger positive association with the incidence
and prevalence of diabetes in males in compere to BMI [37].

Except for two studies, the others had good or fair qual-
ity based on our quality assessment. Considering all the
studies, LAP is positively and significantly associated with
the incidence and prevalence of T2DM. It appears that LAP
is a better predictor of T2DM in females than males. Most
of the studies confirm the superiority of LAP over tradi-
tional anthropometric measures, such as BMI and WC, in
predicting T2DM.

Discussion
This systematic review evaluated the predictability of LAP

for T2DM, hypertension, and all-cause mortality. We also
conducted a meta-analysis on the correlation of LAP with

@ Springer

all-cause mortality. Our result showed that LAP is an appro-
priate predictor of all-cause mortality, hypertension, and
T2DM with different predictabilities per sex. Most of the
studies reported higher predictability measures for LAP in
females in comparison with males. Although there are con-
tradictory findings regarding the superiority of LAP over tra-
ditional anthropometric measures, evidence shows that LAP
could be a better predictor of hypertension and T2DM than
other indices like BMI, WC, CMI, etc. LAP could be used as
an inexpensive method to determine the risk of developing
T2DM and hypertension.

The ability of LAP to predict T2DM and hypertension
has several reasons. LAP considers both anatomic and physi-
ologic changes since it has WC and TG in its formula. LAP
is an indicator of visceral adipose tissue which is correlated
with insulin resistance [50]. Therefore, LAP as a predictor
of insulin resistance is associated with the development of
T2DM [50]. “Ectopic” lipid accumulation (e.g., liver, blood
vessels, and heart) alters the metabolism of the human body.
Insulin resistance as a result can lead to the development of
T2DM [11]. TG in the LAP formula is an independent risk
factor for T2DM [3]. Moreover, LAP is also a good indica-
tor of hypertension. As mentioned before, TG, and there-
fore LAP, is associated with visceral adipose tissue that has
more harmful effects than subcutaneous fat tissue. Adipo-
cytokines secreted from adipose tissue can alter endothelial
cells, consequently increasing the risk of hypertension [28,
32]. Considering both abdominal fat and visceral fat tissues
in its formula, LAP can be a strong predictor of T2DM and
hypertension.

Our findings suggested that LAP is significantly associ-
ated with all-cause mortality in females; however, it failed to
reach statistical significance in males. As mentioned before,
LAP can predict many diseases, such as T2DM, insulin
resistance, metabolic syndrome, hypertension, cardiovascu-
lar diseases, and chronic kidney disease [25, 52, 53]. Consid-
ering the fact that people with higher LAP have an increased
risk of developing metabolic disorders and cardiovascular
disease, the association of LAP with all-cause mortality
could be explained [15, 25]. Different predictability power
of LAP for males and females could be explained by dif-
ferent patterns of lipid over-accumulation in each sex with
aging [15] and scarcity of data on the association between
LAP and all-cause mortality.

The higher strength of LAP in predicting T2DM and hyper-
tension than BMI, WC, etc., can have several explanations.
Unlike LAP, the traditional anthropometric measures like BMI
and WC only assess obesity, and they are unable to distinguish
between visceral adipose tissue and subcutaneous adiposity
tissue. Visceral adipose tissue is more harmful than subcutane-
ous tissue. Thus, fat distribution plays an important role in the
risk of diseases, such as hypertension and T2DM [30, 49, 50].
Also, BMI is unable to differentiate between adipose tissue and
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lean mass. For instance, there are some patients with high LAP
that still have a normal BMI. TG and WC are both independent
risk factors for T2DM and hypertension. Combining TG and
WC in the LAP formula can increase our insight regarding
the fat distribution of the patients and the risk of developing
diabetes or hypertension [30, 49, 50]. Since LAP considers
both, it can be a better predictor for T2DM and hypertension
in comparison with common anthropometric measures.

Discrepancies in the prediction power of LAP and dif-
ferent cut-off values could be due to the differences in the
mean age, ethnicity of the study population, or sample size
between the included articles. Additionally, most of the stud-
ies reported a stronger association of LAP with T2DM and
hypertension in females than males [30, 35, 50, 54], but
there are other studies that had different results [28, 32]. The
outperformance of traditional anthropometric measures by
LAP has been proved in several studies [32, 45, 55] but not
all of them [56-58]. Different TG levels, WC, sample size,
ethnicity, disease status, and confounding bias could explain
the contradictory findings.

To the best of our knowledge, our study is the first sys-
tematic review and meta-analysis on the association of LAP
with hypertension and all-cause mortality. We have com-
pared the prediction power of LAP for T2DM, hypertension,
and all-cause mortality by sex and age. Another strength of
our study is the comparison of LAP with other anthropomet-
ric measures. However, our study has several limitations.
Due to different cut-off values, we were unable to conduct
a meta-analysis on T2DM and hypertension papers. Studies
had a different adjusted model that complicates the pooling
of studies. Some of the included studies had poor quality,
and we cannot ignore the probability of confounding bias
or poor methodology. Moreover, some of the studies were
conducted on populations with a specific condition, such as
post-menopausal women, which may call for caution in gen-
eralizing the findings of this study. Besides, most of the LAP
measurements were done once in the follow-up years. Not all
the studies had reported the predictability measures by sex.

Conclusion

In conclusion, LAP is associated with all-cause mortality,
T2DM, and hypertension. The result of the meta-analysis
showed that LAP is directly correlated with all-cause mor-
tality in females; however, this association was not sig-
nificant in males, probably due to scarcity of data. LAP is
positively associated with T2DM and hypertension. Most of
the studies showed that LAP is a better predictor of T2DM
and hypertension in comparison to traditional anthropomet-
ric measures, such as BMI, WC, and WHR, especially in
females. Overall, LAP has a higher prognostic significance
in females compared to males. It also has interactive effects

with smoking and a family history of hypertension. LAP is
a cheap method to determine the risk of chronic diseases,
such as hypertension, T2DM, or cardiovascular diseases.
Different cut-off values in studies complicate using LAP in
population-level health surveillance. Therefore, further stud-
ies are required to determine specific cut-off values for sexes,
age sub-groups, and different populations.
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