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Abstract

Aims The aim of the research was to look into the connection between the occurrence of gallstones in adult US
citizens and lipid accumulation products (LAP).

Methods We conducted a cross-sectional study of 3,582 U.S. adults with relevant indicators collected from the 2017-
2020 National Health and Nutrition Examination Survey (NHANES) database. Multifactorial logistic regression was used
to investigate the linear relationship between LAP and gallstone incidence, while smoothed curve fitting was used

to describe the nonlinear relationship, and subgroup and interaction analyses were used to evaluate the potential
differences between groups.

Results Among the 3582 participants aged > 20 years included, there was a positive association between LAP

and gallstones. Following adjustments for all covariates, the likelihood of getting gallstones rose by 29% for each unit
rise in log2-LAP (OR=1.29,95% Cl: 1.13-1.49). Compared to those in the lowest tertile, those in the highest LAP tertile
had a significantly higher risk of developing gallstones (OR=1.97, 95% Cl: 1.31-2.95). Subgroup analyses indicated
that the association between LAP and gallstones was not affected by the stratification of the variables examined.

Conclusion Gallstones and LAP exhibited a positive association in our investigation, indicating that LAP may be
utilized as a clinical indicator to determine the occurrence of gallstones.

Keywords NHANES, Gallstones, Cross-sectional study, Lipid accumulation products

Background

Gallstone disease is one of the most common digestive
disorders in the world, affecting about 10 to 15% of adults
in the United States and Europe [1]. It is characterized
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risk factors for gallstones are known to include genetic
predisposition, obesity, a high-fat diet, and certain gall-
bladder diseases [6, 7], reliable clinical indicators are still
needed to predict the occurrence of gallstones.

In recent years, the number of people suffering from
obesity has increased dramatically worldwide, posing a
serious health threat [8]. Numerous metabolism-related
diseases have a substantial correlation with obesity [9].
Currently, the body mass index (BMI) and waist circum-
ference (WC) are the most widely used clinical markers
for assessing obesity. However, when used, BMI is influ-
enced by age and sex, fails to distinguish between varia-
tions in body composition, and may overestimate obesity
in individuals with high levels of muscle mass. Several
studies have highlighted the controversy surrounding
BMTI’s use in determining the risk of certain diseases and
mortality [10, 11]. In addition, a limitation of WC is the
inability to separate visceral and subcutaneous adipose
tissue. As a new obesity assessment metric, lipid accu-
mulation product (LAP) has been shown to be superior
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to traditional obesity metrics in predicting cardiovascu-
lar risk, and metabolic syndrome [12, 13]. Recent studies
have also reported the association and unique predictive
value of LAP with various diseases such as osteoarthritis,
obstructive sleep apnea, psoriasis, and testosterone defi-
ciency [14-17].

Therefore, this study used the National Health and
Nutrition Examination Survey (NHANES) database, a
survey database designed to assess the health and nutri-
tional status of adults and children in the United States,
to investigate the relationship between LAP and gall-
stones and examine the possible function of LAP in the
prediction of gallstone risk by assessing the incidence of
gallstones among individuals with varying levels of LAP.

Methods

Participants in the NHANES study

We selected 15,560 individuals from the 2017-2020
NHANES survey for the study. After screening, 3582 par-
ticipants were ultimately included in this study (Fig. 1).
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We omitted those who lacked data on gallstones (6350),
those who lacked data on calculated LAP (5460), and
those who were missing other covariates (168). The data
originates from the publicly accessible NHANES offi-
cial website, The National Research Ethics Board of the
United States reviewed and approved.

Measurement of the LAP

LAP is calculated using WC and triglycerides (TG) as
described in previous literature: for men, LAP = (WC
(cm) —65) * TG (mmol/L); for women, LAP = (WC (cm)
—58) * TG (mmol/L).

Assessment of gallstones

The outcome variable was the occurrence of gallstones.
To assess gallbladder stones, questionnaires were used,
including: “Has a doctor or other health professional ever
told you that you had gallstone?

Covariates

Based on previous studies, confounding factors that may
be associated with LAP and gallstones were included in
the final analysis [18, 19], including gender (male/female),
age (years), race(Mexican American/Other Hispanic/
Non-Hispanic White/Non-Hispanic Black/Other Race),
educational status(less than high school/high school/
more than high school), marital status(cohabitation/
solitude), and poverty-to-income ratio (PIR) in demo-
graphic data. Ultrasound transient elastography of the
liver in examination data. Also included in the question-
naire data are smoking, alcohol consumption, hyperten-
sion, diabetes, cancer and asthma.A history of smoking
was defined as having smoked at least 100 cigarettes in a
lifetime, a history of alcohol consumption was defined as
having ever had any kind of alcohol, and asthma, diabe-
tes, hypertension, and cancer were identified by whether
or not they had ever been told in the questionnaire that
they had these diseases. The use of the controlled attenu-
ation parameter (CAP) reflects hepatic steatosis, which
was diagnosed when the CAP was >285 dB/m in refer-
ence to previous studies [20].

Statistical analysis

EmpowerStats 4.0 (http://www.empowerstats.com/) was
used, and p<0.05 was considered statistically significant.
Categorical data were expressed as proportions and contin-
uous variables were expressed as mean+ SD. To investigate
the association between gallstones and LAP, multivari-
ate logistic regression models were used. Three mod-
els were used for multivariate testing: model 2 included
adjustments for sex, age, race, marital status, PIR, and
education level; model 3 included adjustments for all
covariates. Model 1 did not include any adjustments. The
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variables were changed to fit the smoothing curves. Sub-
group analyses and interaction tests were used to exam-
ine the heterogeneity of associations between subgroups
of different ages, sex, hypertension, diabetes, and other
conditions. .

Results

Baseline characteristics of participants

A total of 3582 participants were included, with 49.25%
being male and an average age of 50.75 years. The mean
LAPs of all participants were 51.86 (54.37), of which 377
(10.52%) had gallstones. The clinical characteristics of
the participants stratified according to the presence or
absence of gallstones as a column variable are shown in
Table 1. Age, gender, race, PIR, BMI, TG, WC, smoking,
asthma, cancer, hypertension, and diabetes were signifi-
cantly different between the two groups (p <0.05). Com-
pared to the non-gallstone group, the gallstone group had
higher waist circumference, BMI, and age; they also had
poorer income and more females than males. They were
more likely to be concurrent smokers and to have asthma,
cancer, hypertension, diabetes, and hepatic steatosis.

Association of LAP with gallstones

Table 2 shows the results of the multifactorial regression
analysis of LAP and gallstones and we observe a positive
correlation between LAP and gallstones, which remained
stable (OR=1.29, 95% CI: 1.13-1.49) in the fully adjusted
model (Model 3), meaning that the likelihood of getting
gallstones rose by 29% for each unit rises in log2-LAP.
The above associations remained statistically significant
after dividing LAP into tertiles (P less than 0.01 for all
trends). Participants in the highest tertile of LAP were
significantly more likely to develop gallstones compared
to those in the lowest tertile of LAP (OR=1.97, 95% CI:
1.31-2.95). Furthermore, the nonlinear positive connec-
tion between LAP and gallstones was further supported
by the findings of smoothed curve fitting (Fig. 2).

Subgroup analysis

We conducted interaction tests and subgroup analyses
by sex, age, smoking status, alcohol use, asthma, cancer,
hypertension, diabetes, and hepatic steatosis to deter-
mine if the relationship between LAP and gallstones is
constant across groups. As shown in Fig. 3, our results
indicate that the positive association between LAP and
gallstones is similar across populations.

Discussion

A positive link was found between gallstones and LAP in
this cross-sectional study with 3582 participants. Follow-
ing adjustments for all covariates, the likelihood of get-
ting gallstones rose by 35% for each unit rise in log2-LAP
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Table 1 Characteristics of the study population
Characteristics Total Non-stone formers Stone formers P-value
N=3582 N=3205 N=377
Age(years) 50.75+17.25 49.95+17.30 5749+1528 <0.001
Gender, n(%) <0.001
Male 49.25 5173 2812
Female 50.75 48.27 71.88
Race, n(%) <0.001
Mexican American 12.90 12.64 15.12
Other Hispanic 10.11 9.77 13.00
Non-Hispanic White 34.81 3413 40.58
Non-Hispanic Black 25.13 26.08 16.98
Other race 17.06 17.38 14.32
Education Level, n(%) 0.547
Less than high school 7.29 733 6.90
High school 3512 34.82 3767
More than high school 57.59 57.85 5544
Marital status, n(%) 0.904
Cohabitation 59.13 59.10 5942
Solitude 40.87 40.90 40.58
Alcohol (%) 0.584
Yes 91.29 91.20 92.04
No 8.71 8.80 7.96
Smoked (%) <0.001
Yes 4347 43.18 45.89
No 56.53 56.82 5411
Asthma (%) <0.001
Yes 15.97 15.13 23.08
No 84.03 84.87 76.92
Cancers (%) <0.001
Yes 10.66 9.70 18.83
No 89.34 90.30 81.17
Hypertension (%) <0.001
Yes 38.50 36.63 5438
No 61.50 63.37 45.62
Diabetes (%) <0.001
Yes 15.91 14.70 26.26
No 84.09 85.30 73.74
Hepatic steatosis(%) <0.001
Yes 36.07 34.54 49.07
No 63.93 65.46 5093
BMI(kg/m?2) 2991+7.31 29.51+£7.06 33.34+847 <0.001
PIR 265+1.51 266+1.52 2.56+143 0.229
TG(mmol/L) 1.24+1.06 1.22+£1.06 1.37+1.08 <0.001
WC (cm) 100.98+17.19 100.10£16.97 108.44+17.32 <0.001
LAP 51.86+54.37 49.80+50.66 69.39+77.10 <0.001
log2 LAP 519+1.27 512+1.28 5.72+1.05 <0.001

Continuous variables are expressed as mean + SEM and p-values were calculated by survey-weighted linear regression analysis. Categorical variables are expressed as

percentages and p-values were calculated by survey-weighted chi-square tests

PIR poverty-to-income ratio, BMI body mass index, TG triglycerides, WC waist circumference, LAP lipid accumulation product, log2 LAP logarithmic transformation of

LAP
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Table 2 Association between LAP and gallstones
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Characteristic Model 1 OR (95%Cl)

Model 2 OR (95%Cl) Model 3 OR (95%Cl)

Log2-transformed LAP
LAP Tertiles
Tertile 1(0.42-4.74)
Tertile 2(4.74-5.80)
Tertile 3(5.80-10.40)
P for trend

1.51(1.37,1.65)<0.0001

Reference

1.93 (141, 2.63)<0.0001
3.23(2.41,4.33)<0.0001
<0.0001

1.43(1.29, 1.59) <0.0001 1.29 (1.13,1.49) 0.0002
Reference
1.59(1.09,2.33)0.0164
1.97(1.31,2.95) 0.0011
0.0012

Reference
1.61(1.17,2.22) 0.0036
2.54(1.87, 3.44) <0.0001
<0.0001

Model 1: not adjusted for covariates. Model 2: Adjusted for age, gender, race, marital status, household poverty-to-income ratio, and education level.c Model 3:
Adjusted for age, gender, race, marital status, household poverty-to-income ratio, education level, alcohol use, smoking status, asthma, cancer, diabetes, hypertension

and hepatic steatosis

0.8

0.6

Gallstones
0.4
|

0.0

log2-transform LAP

Fig. 2 The nonlinear associations between log2-LAP and gallstones.
The solid red line represents the smooth curve fit between variables.
Blue bands represent the 95% of confidence interval from the fit

[1.35 (1.21, 1.50)]. This suggests that LAP may have
potential clinical value in predicting gallstone risk.

As far as we know, this is the first research to assess
the connection between LAP and gallstones.LAP val-
ues are a comprehensive assessment of obesity in com-
bination with WC and TG levels, and current evidence
has shown that obesity poses a significant risk for the
development of gallstones [21]. BMI and WC are com-
monly used to assess obesity, and previous studies have
shown that overweight and obese people have a signifi-
cantly higher risk of having symptomatic gallstones [22,
23]. Additional studies have also found an 81% increase
in gallstone prevalence for each standard deviation
increase in WC [24]. However, since BMI cannot assess
localized obesity and WC does not distinguish between
visceral and subcutaneous fat, both have limitations
in the prediction of disease. A previous prospective
study showed that abdominal obesity was significantly
associated with gallstones and independent of BMI

[25]. Additionally, the research by Radmard et al. dem-
onstrated that there was no meaningful correlation
between the development of gallstones and subcutane-
ous fat [26]. These results suggest that BMI and WC are
somewhat controversial in independently predicting
gallstone risk.LAP is a simple and non-invasive method
for assessing visceral fat accumulation and metabolic
abnormalities. It has been linked to a variety of disor-
ders and has been shown to be a more accurate pre-
dictor of cardiovascular disease [27, 28]. therefore, the
present study used the composite index, LAP, to inves-
tigate the relationship with gallstones.

According to this study, there is a positive correlation
between LAP and gallstones, and there may be more
than one mechanism underlying this association. First.
High LAP is usually accompanied by high levels of TG
and low levels of HDL cholesterol. Elevated TG leads
to supersaturation of cholesterol in the bile, which
increases the formation of cholesterol crystals and the
occurrence of gallstones. At the same time, lower HDL
cholesterol impairs its ability to remove cholesterol
from the tissues, allowing more cholesterol to accumu-
late in the bile [29-31]. Second. Enlarged WC is usu-
ally accompanied by visceral fat accumulation, which
is closely related to insulin resistance. Insulin resist-
ance leads to elevated levels of insulin, which in turn
promotes the synthesis of more cholesterol by the liver,
as well as inhibiting the secretion of bile acids, lead-
ing to an increase in the concentration of cholesterol
in the bile, which promotes the formation of gallstones
[30, 32—-34]. Third. High LAP is usually associated with
chronic inflammation and oxidative stress states. High
concentrations of inflammatory mediators, such as
interleukin-6 and C-reactive protein, impair the gall-
bladder’s ability to contract normally, leading to incom-
plete emptying of the gallbladder and thus increasing
the risk of gallstone formation [35, 36]. Fourth. Accu-
mulation of visceral fat and insulin resistance also
affects the kinetic function of the gallbladder. It has
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Fig. 3 Subgroup analysis of the association between LAP and gallstones

been found that patients with obesity and metabolic
syndrome have significantly reduced gallbladder emp-
tying capacity, leading to cholestasis, which promotes
gallstone formation [37]. Furthermore, leptin, a hor-
mone that plays an important role in the development
of obesity, has been related to gallstone formation by
controlling bile acid metabolism [38, 39].

The results of this study showed consistency across
gender and age groups, indicating the broad applica-
bility of LAP as a predictor of gallstone risk. Secondly,
the sample of this study was obtained from a repre-
sentative official database, and it is the first time that
this composite index has been utilized to investigate
the association between it and gallstones. However, this
study has several limitations. First, due to the availabil-
ity of data on gallstones, this study only included data
from 2017 to March 2020, and due to the reason that
it was a cross-sectional study lacking time-series data,
we were only able to reveal associations without being

able to determine causality. Second, this study used
self-reported outcome variables, lacked a more precise
imaging diagnosis, and because most gallstones are
clinically asymptomatic, the results of the study were
influenced by whether participants received regular
medical checkups or whether they received appropriate
medical care from their family physicians, and there is a
possibility that a person could be incorrectly diagnosed
with or without gallstones, and thus the report may
have potential research bias. In addition, the informa-
tion on gallstones in this study was based on the ques-
tion “Have you had gallstones? ’, which did not provide
any information about the type of gallstones, so we
were unable to perform subgroup analyses stratified by
gallstone composition. Finally, even though we included
many covariates in performing the multivariate regres-
sion analyses, there may still be some residual con-
founding. In view of these limitations, later multicenter
investigations as well as observation of the occurrence
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of gallstones over time in patients with higher LAP are
needed to further evaluate and confirm our findings.

Conclusion

This study demonstrates that excessive LAP levels are
linked to a greater risk of gallstones and that active weight
management and lifestyle treatments may enhance or
minimize the incidence of gallstones.

Abbreviations

BMI Body mass index

WC Waist circumference

LAP Lipid accumulation products

NHANES  National Health and Nutrition Examination Survey
PIR Poverty-to-income ratio

TG Triglyceride
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