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Purpose: We aimed to analyze the body composition characteristics of gallstone disease (GD) patients with bioelectrical impedance
analysis (BIA) and to construct a nomogram to predict GD based on body composition.

Methods: Patients with or without symptomatic cholecystolithiasis or choledocholithiasis diagnosed in Inner Mongolia People’s
Hospital from July 2020 to December 2021 were selected as the case group, and healthy subjects during the same period were selected
as the control group. The body composition of the two groups was determined by BIA. The risk predictors for GD were extracted to
construct a nomogram based on regression analysis. ROC curves were used to evaluate the predictive power of the nomogram, and
calibration curves were drawn to evaluate the consistency of the model. The bootstrap method was used to verify the model and
evaluate the generalizability of the model.

Results: A total of 1000 individuals were recruited for the study, including 500 GD cases and 500 controls, to evaluate body composition.
Multivariate logistic regression analysis showed that sex (OR = 2.292, 95% CI: 1.436-3.660), BMI (OR = 1.828, 95% CI: 1.738-1.929),
body fat percentage (BFP) (OR = 1.904, 95% CI: 1.811-2.205) and waist circumference (WC) (OR = 1.934, 95% CI: 1.899—-1.972) were risk
predictors of GD. The AUC was 0.770 (95% CI: 0.741-0.799). The calibration curve showed that the C-index was 0.767. The prediction
model was validated internally with 1000 bootstrap resamples. The accurate value was 0.72, and the kappa value was 0.43. All of the indices
indicated that the model was well constructed and could be used to predict the incidence of GD.

Conclusion: A nomogram model of gallstone disease based on sex, BMI, BFP and WC was constructed with good discrimination,
calibration and generalizability and can be used for the noninvasive and convenient prediction of gallstone disease in the general
population.
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Introduction

Gallstones or cholelithiasis are a major public health problem in Europe and other developed countries and affect up to
20% of the population.' Gallstone disease is the most common gastrointestinal disorder for which patients are admitted to
hospitals in European countries and the United States. They are considered a disease of developed populations but are
present around the world.>® An epidemiological survey showed that the prevalence rate of gallstone disease in Chinese
adults is 10%—15% and has been increasing gradually in recent years.* Interdisciplinary care for patients with gallstone
disease has advanced considerably during recent decades due to growing insight into the pathophysiological mechanisms
and remarkable technical developments in endoscopic and surgical procedures. In contrast, primary prevention for this
common disease is still in its infancy.” Although previous studies have identified many modifiable risk factors for
gallstone disease,’ there is a lack of prediction models for gallstone disease. A nomogram is a statistical model based on
a logistic regression used for individualized risk prediction and analysis of clinical events, which quantifies the risk of
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clinical events through various risk factors and graphically presents relevant risk factors to easily obtain their risk
probability values.® At present, nomograms have been widely used in the risk assessment and prognostic analysis of
tumors,”*® liver fibrosis,’ acute pancreatitis'® and other diseases, but there has been no study on the prediction of gallstone
disease. This project intended to measure the body composition of GD patients by BIA to expound on the characteristics
of the body composition of GD patients and construct a nomogram to predict gallstone disease, which could help prevent

this disease.

Methods

Patients

Patients with or without symptomatic cholecystolithiasis or choledocholithiasis diagnosed in Inner Mongolia People’s
Hospital from July 2020 to December 2021 were selected as the case group. Diagnosis is based on a combination of
clinical signs” and abdominal ultrasound diagnosis.'" Clinical signs means the characteristic symptoms of gallbladder
stones, ie, episodic attacks of severe pain in the right upper abdominal quadrant or epigastrium for at least 15-30 minutes
with radiation to the right back or shoulder and a positive reaction to analgesics, irregular periodicity of the pain, onset at
approximately 1 h after meals, onset during the evening or at night, awakening the patient from sleep, nausea and
vomiting may be present, and identified by medical history and physical examination. Asymptomatic patients refer to
those who have no subjective discomfort due to gallstones indicated by abdominal ultrasound during health examination.
To ensure the study conclusions were more representative of the general population, the selected cases and controls were
from the general Asian population rather than the Mongolian population. In addition, the case requirements were patients
with cholelithiasis who were first detected by physical examination or presented with specific symptoms, and controls
were healthy individuals who underwent physical examination at the same time. Cases were excluded if they met the
following criteria: (1) complicated with tumor, diabetes, hyperthyroidism, hypothyroidism, liver cirrhosis, glucocorticoid
use and other conditions affecting body composition or causing fat redistribution; and (2) physical disability, implantation
of cardiac stents, pacemakers, steel nails, and steel plates. Figure 1 shows a flow chart of the subject selection process.

Overall, 1000 subjects were included in the study.

Inclusion

® Patients: cholecystolithiasis or choledocholithiasis with or without symptoms

® Controls: healthy subjects in the same period

Exclusion

® complicated with tumor, diabetes, hyperthyroidism, hypothyroidism, liver cirrhosis,
glucocorticoid use and other conditions affecting body composition or causing fat
redistribution

® physical disability, implantation of cardiac stents, pacemakers, steel nails, and
steel plates

Between July 2020 and December 2021, Inner Mongolia People's Hospital, China

A total of 1000 cases have included in the study, 500 GD cases and 500 controls

Body composition was measured by BIA in two groups

Figure | A flow chart of the subject selection process. According to the inclusion and exclusion criteria, 500 GD cases and 500 controls were finally included, and the body
composition characteristics of the two groups were determined. A nomogram was constructed to predict GD based on body composition.
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Data Collection

Body weight was measured with the participants wearing thin clothing and to the nearest 0.1 kg. Body height was measured
with the participants barefoot. Body composition was measured by BIA. BIA was performed on all participants with
InBodyS10 (Biospace, Seoul, Korea) device.'? Before the measurement, the participants were asked to empty their bladders
and did not eat for at least 4 h. Subjects stood for 30 min before the BIA measurement was taken, as the water in the body
was distributed at a stable state. After that time, electrodes were placed on the thumbs and middle fingers of the right and left
hands as well as on the ankles of the right and left lower limbs, and then the participants were measured. The study indicators
included age, sex, height, weight, BMI, muscle, skeletal muscle, body fat, BFP, bone content, WC and visceral fat
area (VFA).

Definitions

BMI was calculated as the weight in kilograms divided by height in meters squared (kg/m?). Overweight and obesity
were defined as a BMI of 24-27.9 kg/m* and BMI>28 kg/m?, respectively.'> WC was defined as abdominal obesity, with
a WC >90 cm for men and >80 cm for women.'* Excess BFP was defined as a BFP> 20% for men and BEP > 30% for
women.' Excess VFA was defined as a VFA>100 cm?.'

Statistical Analysis

Statistical analyses were performed using SPSS software (version 21.0, IBM Corp, US). Categorical variables were
reported as numbers and percentages [n (%)], and continuous variables were reported as medians with interquartile
ranges [M (P,s, P75)]. The Wilcoxon rank-sum test and univariate logistic regression analysis were performed to identify
significant variables, and a multivariate logistic regression model was established to determine the risk factors for
gallstone disease. Variables with a P value < 0.05 were selected and incorporated into the nomogram to predict the
incidence of gallstone disease using statistical software R version 4.1.2. The nomogram measurement was carried out
using the area under the ROC curve and calibration curves. The AUC and C-index represented the nomogram’s capacity
to discriminate and the calibration degree, respectively. The accuracy of the model and potential model overfit were
assessed by bootstrap validation with 1000 resamplings. An AUC and C-index >0.70 and kappa value >0.4 were
considered to indicate a relatively good construction of the prediction model. All tests were two-sided, and P <0.05
was considered statistically significant.

Results

Demographics and Body Composition

This study included 500 patients with GD and 500 controls primarily to explore the differences in body composition
characteristics between the two groups and to construct a nomogram prediction model for gallstone disease in
individuals. The median age of GD patients was 55 (43, 64) years, 67% were female, and two-thirds of patients had
clinical symptoms. The median age of healthy controls was 52 (40, 63) years and 58% were female. Age, sex and BMI
had P values of < 0.05 in both groups, suggesting that they may be confounding factors in this study. The results of the
Wilcoxon rank-sum test showed that all of body composition indexes were significant differences between the two
groups (P < 0.05). The variables of weight, body fat, BFP, WC and VFA were higher in the GD group than in the control
group, while the height, muscle, skeletal muscle mass and bone content were lower in the GD group than in the control
group (Table 1).

Body Composition After Adjustment for Confounding Factors
After adjusting for age, sex and BMI by univariate logistic regression, the results showed that muscle, skeletal muscle,
body fat, BFP, bone content, WC and VFA were still significantly different between the two groups (P < 0.05) (Table 2).
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Table | Baseline Characteristics and Body Composition in Two Groups

Variable GD Control Z valuely? P value
Age (years) 55 (43, 64) 52 (40, 63) 2.664 0.008
Sex [n (%)]
male 165 (33%) 211 (42%) 9.019 0.003
Female 335 (67%) 289 (58%)
BMI (kg/m?) 247 (225,27.1) | 237 (21.5, 26.0) 4671 0.000
Height (cm) 164 (160, 170) 165 (160, 172) 3.088 0.002
Weight (kg) 67.0 (59.1, 74.0) | 65.0 (57.6, 72.0) 2479 0013
Muscle (kg) 425 (43.3,488) | 46.3 (40.4, 53.3) 6.897 0.001
Skeletal muscle (kg) | 25.4 (22.2,29.5) | 27.4 (24.0, 31.9) 5.458 0.002
Body fat (kg) 20.1 (15.6,24.9) | 14.1 (94, 19.2) 11.921 0.001
BFP (%) 30.8 (25.1,35.7) | 22.5 (15.0, 28.6) 13.367 0.001
Bone content (kg) 2.8 (2.5, 3.1) 3.0 (2.7, 3.5) 7.171 0.001
WC (cm) 80.3 (72.9, 88.7) 71.6 (65.6, 81.9) 9.948 0.001
VFA (cm?) 85.8 (612, 115.4) | 51.1 (30.9, 73.2) 12.841 0.001
Table 2 Body Composition Adjusted for Age, Sex and BMI
Variable Unadjusted Adjusted
OR (95% CI) P value OR (95% CI) P value
Height (cm) 0.974(0.958-0.990) 0.002 0.991(0.967—1.016) 0.467
Weight (kg) 1.012(1.002—-1.023) <0.001 0.984(0.956—1.013) 0.287
Muscle (kg) 1.051(1.036-1.067) <0.001 0.872(0.847-0.896) <0.001
Skeletal muscle (kg) 1.057(1.035-1.080) <0.001 0.879(0.846-0.912) <0.001
Body fat (kg) 0.899(0.882-0.916) <0.001 1.232(1.187-1.278) <0.001
BFP (%) 0.907(0.892-0.921) <0.001 1.157(1.129-1.186) <0.001
Bone content (kg) 2.101(1.685-2.619) <0.001 0.272(0.197-0.375) <0.001
WC (cm) 0.948(0.937-0.960) <0.001 1.062(1.046—1.078) <0.001
VFA (cm?) 0.977(0.974-0.981) <0.001 1.029(1.024—1.035) <0.001

Note: *Adjusted for age, sex and BMI.

Subgroup Analysis of Body Composition

Group by sex, after adjusting for age and BMI, the results showed that all of body composition indicators were
significantly different between male and female GD patients and the control group (P < 0.05). Obesity indices showed
that both male and female GD patients were overweight (male BMI 24.6 kg/m?, female BMI 25.0 kg/m?) and had excess
BFPs (male BFP 23.8%, female BFP 33.8%). Abdominal obesity (WC 80.1 cm) was found in female with GD, but no
abdominal obesity (WC 80.9 cm) was found in male. Although the difference in VFA between the two groups was
significant, it did not exceed the standard (Table 3).

Predictor Screening

Gallstone disease and healthy controls were the dependent variables, and the above-mentioned variables with signifi-
cantly different after adjusting for age, sex and BMI, and important demographic indicators sex and BMI were taken as
independent variables. A multivariable logistic regression model was constructed to screen the risk predictors of
gallstone disease, showing that sex, BMI, WC and BFP were risk predictors, and skeletal muscle and bone content
were protective factors (Table 4).
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Table 3 Subgroup Analysis of Body Composition (Grouped by Sex)

Variable Male Adjusted®

GD Control P value OR (95% CI) P value
Muscle (kg) 51.4(46.1, 56.8) 54.6(48.6, 60.8) 0.000 0.897(0.862-0.934) 0.000
Skeletal muscle (kg) | 30.7(27.1, 35.1) 32.3(28.7, 36.5) 0.017 0.916(0.868-0.966) 0.001
Body fat (kg) 17.0(13.6, 22.2) 11.9(7.6, 17.7) 0.000 1.164(1.109-1.222) 0.000
BFP (%) 23.8(19.5, 29.8) 17.0(11.2, 23.1) 0.000 1.122(1.083—1.162) 0.000
Bone content (kg) 3.2(2.8, 3.6) 3.4(2.9, 3.9) 0.001 0.348(0.221-0.548) 0.000
WC (cm) 80.9(73.3, 89.0) 72.3(65.8, 84.0) 0.000 1.053(1.029-1.078) 0.000
VFA (cm?) 71.6(47.8,93.1) | 42.1(24.5, 70.0) 0.000 1.025(1.017-1.033) 0.000
Variable Female Adjusted °

GD Control P value OR (95% CI) P value
Muscle (kg) 39.5(36.4, 43.1) | 42.0(38.6, 46.3) 0.000 0.845(0.811-0.880) 0.000
Skeletal muscle (kg) | 23.6(21.2, 26.3) 25.1(22.6, 27.6) 0.000 0.845(0.800-0.892) 0.000
Body fat (kg) 21.1(17.2, 25.9) 16.3(11.4, 20.1) 0.000 1.310(1.238-1.387) 0.000
BFP (%) 33.8(29.3, 37.9) 25.9(20.3, 31.0) 0.000 1.188(1.147—1.230) 0.000
Bone content (kg) 2.6(24, 2.9) 2.8(2.6, 3.1) 0.000 0.198(0.122-0.323) 0.000
WC (cm) 80.1(72.9, 88.2) 71.2(65.1, 80.9) 0.000 1.084(1.061-1.108) 0.000
VFA (cm?) 93.3(64.6, 122.0) | 56.1(38.4, 77.9) 0.000 1.032(1.025—-1.039) 0.000

Note: "Adjusted for age and BMI.

Table 4 Multivariate Logistic Regression Analysis of Risk Predictors for Gallstone Disease

Variable B S.E Wald P value OR (95% CI)

Skeletal muscle (kg) —0.316 0.045 4.172 0.000 0.372 (0.214-0.550)
Bone content (kg) —1.033 0.352 8.593 0.003 0.356 (0.178-0.710)
Sex 0.829 0.239 12.071 0.001 2.292 (1.436-3.660)
BMI (kg/m?) 0.189 0.059 11.342 0.001 1.828 (1.738-1.929)
BFP (%) 0.099 0.045 14.828 0.028 1.904 (1.811-2.205)
WC (cm) 0.068 0.020 10.650 0.001 1.934 (1.899-1.972)
VFA (cm?) 0.011 0.007 2.651 0.103 1.012 (0.998-1.026)
Body fat (kg) 0.100 0.061 2.744 0.098 1.105 (0.982-1.245)
Muscle (kg) —0.116 0.040 8.489 0.054 0.890 (0.824-1.003)

Construction and Application of the Nomogram Prediction Model

The nomogram to predict GD was created based on the following 4 independent risk factors: sex, BMI, WC and BFP
(Figure 2). The values of the 4 risk predictors were projected upward to the integral line at the top of the nomogram to
obtain the corresponding integral, and the integral of all independent risk predictors was then summed to obtain the total
score. Then, the probability of GD could be predicted by the total score line at the bottom of the line. For example, for
female with a BMI of 24 kg/m?, BFP of 32% and WC of 85 cm, the probability of GD was 79.9%.

Evaluation of the Nomogram
ROC curves were used to evaluate the ability of the nomogram to predict the risk of GD, and the AUC was 0.770 (95%
CI: 0.741-0.799) (Figure 3). A calibration plot of the nomogram demonstrated good agreement between the assessment
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Figure 2 Nomogram predicting gallstone disease. Each variable in the figure, such as BMI, sex, BFP and WC in this study, correspond to the points at the top, and the sum of
the scores of all variables is total points. Different total points correspond to the occurrence probability of gallstone disease at the bottom.
Abbreviations: BFP, body fat percentage; WC, waist circumference.
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Figure 3 ROC curve of the prediction model for gallstone disease. The AUC was 0.770 (95% Cl: 0.741-0.799), the 0.548 (0.754, 0.698) on the curve in the figure is the cut
off value and the specificity and sensitivity corresponding to the cut off value.

and actual observations (Figure 4). The C-index of the nomogram was 0.767. The accuracy of the model and potential
model overfit were assessed by bootstrap validation with 1000 resamplings. The accurate value was 0.72, and the kappa
value was 0.43, indicating that the prediction model was well constructed and could be used to predict the risk of
gallstone disease.

Discussion

Cholelithiasis (gallstone disease) affects approximately 10%~20% of adults globally and is among the hepatobiliary
diseases associated with the highest socioeconomic costs.'”*'* In addition, cholelithiasis is also an important risk factor
for gallbladder cancer, and it is increasingly recognized as a public health concern that needs more attention.'”"’
Although epidemiological studies have identified risk factors associated with cholelithiasis, primary prevention
remains weak.> We found that there are few individual-based risk prediction models for cholelithiasis. The Model
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probability. The 45°blue line represents a perfect prediction with an ideal model, and the black dotted line represents the performance of the nomogram.

97 prediction model (Shanghai, China) was used to predict the population at high risk of cholelithiasis, and the results
showed that it had good reproducibility and stability, but the accuracy of the female prediction model for the high-risk
population was only 44%.° Kadah et al generated a diagnostic equation [age (year) x0.1 + CBD width (mm) by US
x1 + GGT (U/L) x0.005] to predict CBD (common bile duct) stones, suggesting that this score is a very strong
predictor for CBD stones. However, the limitations of this study were in choosing the maximal values of the
laboratory tests obtained before endoscopic ultrasound without considering laboratory trends over time and not
discriminating between the two groups because there are no firm data regarding the accurate width after
cholecystectomy.?! Radmard et al*? showed that anthropometric indicators to predict gallstone disease risk vary
with sex, and waist-hip ratio may be the only preferred indicator for men to assess gallstone disease risk, while the
waist-to-height ratio, waist-to-hip ratio, visceral fat thickness and BMI were all associated with gallstone disease risk
in women. In summary, these previous studies have some limitations or cannot effectively predict the risk of
individual cholelithiasis.

A number of epidemiological studies have found an increased risk of gallbladder disease with greater BMIL.*®
Overweight and obesity are well-established risk factors for gallstone disease.”* Obesity increases the risk of gallstone
disease in part because of an increased turnover of cholesterol associated with body fat, and cholesterol production is
linear with body fat. Because increased cholesterol has a higher concentration relative to bile acids and phospholipids, it
increases the possibility of excreting precipitated cholesterol gallstones in bile.>> %’ Other studies have found that
increased BMI and obesity are related to increased gallbladder volume after gallbladder contraction, decreased gall-
bladder contraction ability and decreased sensitivity to cholecystokinin, all of which are related to the formation of
stones.”®*° However, the strength of the association has varied between studies, with some studies reporting twofold to
threefold increases in risk among obese persons, while other studies using more refined and/or extreme categorizations of
BMI have reported up to fivefold to sevenfold increases in risk among obese persons.’” In recent years, waist
circumference, waist-hip ratio, visceral fat area/thickness and other indicators have often been used to further explain
the relationship between obesity and fat distribution and cholelithiasis, and the results of different studies are both similar
and different. Our study, for the first time, constructed a prediction model for gallstone disease based on sex and body
composition, and the evaluation and internal verification of the model proved it to be satisfactory as a risk prediction
model for cholelithiasis in individuals. This suggests that high-risk individuals should take measures to prevent GD.
Another advantage of this study is that it integrated obesity-related indices reported in previous studies and included
other body composition indices measured by BIA, which included more comprehensive anthropometric parameters and
analyzed the body composition characteristics of GD patients.
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In our study, we found that body fat, BFP, WC and VFA in patients with cholelithiasis were higher than those in the
controls after adjusting for age, sex and BMI. A multivariate logistic regression model was established, and BMI, BFP
and WC were found to be independent risk factors for GD. There are many reports about BMI and WC and

cholelithiasis?>3!+32

that show general obesity and abdominal obesity are positively correlated with the risk of
gallbladder disease, and study have reported that in metabolically healthy individuals, both BMI and WC have
a linear dose relationship with gallstones, when different metabolic health and obesity standards are adopted, the
relationship between metabolically healthy obesity and gallstones remains unchanged.’® In addition, studies have
reported that in patients with a BMI < 25, even those with normal weight, gallstone disease was still significantly
associated with visceral and subcutaneous fat area, and CT measurement of adipose tissue, but not BMI, was a better
predictor of risk for gallstone disease.** In our study, the level of VFA in patients with cholelithiasis was higher than that
in healthy controls, but it was no significant difference. Abdominal obesity was observed in women but not in men,
consistent with the report by Tsai et al.>> The excess body fat percentage of both male and female GD patients were
consistent with a previous report,®* and it had the greatest contribution to the prediction model of the nomogram, which
may be closely related to the occurrence of GD. Research has reported that biliary tract diseases, including gallbladder
cancer, extrahepatic bile duct cancer, ampullary cancer, cholelithiasis (presence of gallstones), cholecystitis and
cholangitis, may be directly linked with body fatness, possibly through increases in inflammation, insulin resistance
and insulin-like growth factor levels, oxidative stress, cholesterol levels, and adipokine levels.?* However, studies™
have suggested that body fat percentage is only related to the risk of cholelithiasis in women. This is expected to be
verified by relevant studies in the future. In our study, we found that the muscle and skeletal muscle mass and bone
content of gallstone disease patients were lower than those of healthy controls, and skeletal muscle, bone content are
protective factors against gallstone disease.

Of course, the present study had several limitations. First, we selected patients from the outpatient service. Although
asymptomatic patients were the first to consult, approximately two-thirds of the patients had symptoms, which may have
resulted in selection bias. Second, although we integrated most obesity-related indicators reported in previous studies and
included other body composition indicators to comprehensively analyze the body composition characteristics of patients
with gallstone disease, we did not include waist-to-hip ratio data this time, because waist circumference is already the
best indicator to represent types of obesity. In addition, the waist-hip ratio may have a large error due to artificial
measurement. Finally, although our nomograms were internally validated using bootstrap validation, future studies are
needed to externally validate the proposed nomograms.

Conclusion

In our study, for the first time, a simple and effective risk prediction model for gallstone disease based on body
composition was constructed. Body composition indicators BMI, body fat percentage and waist circumference, as well
as important demographic characteristics indicators sex were used as predictors to construct a nomogram prediction
model for gallstone disease, and it has been verified that had good performances.

Ethics and Consent

This study was conducted in accordance with the Declaration of Helsinki and has been approved by the Ethics
Committee of Inner Mongolia People’s Hospital, China (NO.202000101L). The body composition with bioelectrical
impedance analysis in this study was non-invasive, convenient and does not involve human biological materials, the
informed consent and cooperation of the patients have been obtained.
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