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Prospective evolution of body compositions based on
bioelectrical impedance analysis and water intake on
patients with gallstone
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ABSTRACT

BACKGROUND: We aimed to compare bioelectrical impedance analysis (BIA) body composition and to reveal predictive factors
that may help prevent gallstone formation.

METHODS: Patients with gallstones by ultrasonography were selected as the case group, while participants without stones were
selected as the control group. The body composition of the participants in both groups was measured by BIA. Demographic charac-
teristics, mean water intake daily of the participants (MWID) and body mass index (BMI), total body fat mass (TBFM), total body fat
percentage (BFP), total body water (TBW), body fat mass of trunk (BFM of trunk), and visceral fat level (VFL) measured by BIA were
recorded. Predictive risk factors for gallstone formation were revealed by statistical analysis.

RESULTS: The data of a total of I91 participants, including 83 participants in the group with gallstones and 108 participants in the
group without gallstones, were analyzed. Both groups were statistically similar in terms of age and sex (P>0.05). In univariate analysis,
BMI, TBFM, BFPF, BFM of trunk, and VFL were statistically significantly higher (P = 0.007, P=0.004, P=0.003, P=0.003, and P=0.005,
respectively) while MWID was lower (P<0.001) in the group with gallstone. In multivariate analysis, MWID (ref: 21.5 odds ratio [OR]:
7.786 95% confidence interval [Cl]: 3.612—16.781) and BFP (ref: 20.24 OR: 3.102 95%Cl: 1.207-7.972) were independent factors in
gallstone formation.

CONCLUSION: The MWID and BFP level measured by the BIA technique, which is an easily applicable, noninvasive method, are
independent risk factors for gallstone formation.

Keywords: Bioelectrical impedance analysis; body composition; gallstone; mean water intake daily; total body fat percentage.

with a non-zero rate of invasive morbidity and mortality, such
as endoscopic retrograde cholangiography (ERCP) and cho-
lecystectomy.®l For these reasons, studies have focused on

INTRODUCTION

Gallstones have a prevalence of 10—15% in Western coun-

tries.['! Althousgh gallstones are mostly asymptomatic, they
are a serious public health problem because of their social
and economic impacts.”) Gallstones cause the following se-
vere complications: Acute/chronic cholecystitis, Mirizzi syn-
drome, choledocholithiasis, biliary pancreatitis, cholangitis,
and gallstone ileus, and thus, increase morbidity and mor-
tality.] These complications prolong the treatment process
and lead to the application of additional treatment methods

the pathogenesis of stone formation in the gallbladder and its
predictive factors. Studies have shown that high body mass
index (BMI), genetic factors, changes in lipid metabolism,
gallbladder and intestinal motility, diet factors, dehydration,
and central adiposity are effective.™'" In the clinical prac-
tice guideline of the European Association for the Study of
the Liver on gallstones, there are recommendations such
as a healthy lifestyle, regular physical activity, and ideal body
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weight to prevent the formation of gallstones.'”? However,
these recommendations are at level of low-quality evidence
and weak recommendation.

Preventing the formation of gallstones means that the preva-
lence will decline, and morbidity and mortality will decrease
during the follow-up and treatment process. Establishing
measurable predictive factors will contribute to the preven-
tion of gallbladder stone formation. However, studies on this
subject are limited.

Body components previously measured using methods such
as computed tomography, magnetic resonance imaging, and
Dexa can be measured more easily and cheaply with bioelec-
trical impedance analysis (BIA) devices carried to advanced
levels with technological developments. The BIA method is a
non-invasive, easy, and effective method.['*'*!

This study aimed to compare the body components mea-
sured by the BIA method in patients with and without gall-
stones and to reveal predictive factors that can help prevent
the formation of gallstones.

MATERIALS AND METHODS

This prospective cross-sectional case—control study com-
pared the differences in body components measured by BIA
in patients with and without gallstones in the gallbladder.
Approval was obtained from theTokat Gaziosmanpasa Uni-
versity Clinical Research Ethics Committee. The study was
conducted between January 2022 and August 2022.

Ultrasonography (USG) and clinical examination findings
were used for diagnosis. In the USG examination, healthy
people without gallstones in the gallbladder were included in
the control group, while patients who were symptomatic or
asymptomatic and who had stones in the gallbladder in the
USG were included in the case group. All participants under-
went BIA with InBody 270 (Biospace, Seoul, Korea). Age, sex,
BMI, height, weight, comorbidities, drugs used, mean water
intake, daily (MWID), body fat percentage (BFP), total body
fat mass (kg) (TBFM), total body water (TBW), body fat mass
of trunk (kg) (BFM of the trunk), and visceral fat level (VFL)
of the patients were recorded.

Participants over the age of I8 were included in this study.
Patients with hematological diseases that increased the inci-
dence of stones in the gallbladder, the use of glucocorticoids,
and liver failure were excluded from the study. In addition,
patients with kidney failure, diabetes mellitus, acute cholecys-
titis, and jaundice findings that may affect body components
and TBW and patients using diuretic and diuretic combina-
tion antihypertensive drugs were not in the study.

Sample Size

Cohen’s d-value calculation method determined the appro-
priate sample size to investigate the factors affecting the pres-

Ulus Travma Acil Cerrahi Derg, August 2023, Vol. 29, No. 8

ence of gallstones.!'! The findings of Lu et al. in 2022 to pre-
dict gallstone disease (GD) were used to determine the effect
size index d.['1 In this study, a median difference of 8 points
was present between the BFP level of the GD group and the
control group. Based on this finding, the effect size was >1I.
However, the effect size was taken as 0.5 to obtain a larger
sample size in the study. Accordingly, to test the difference
between the two groups, a total of |76 participants were en-
visaged to be taken as the sample group using the d=0.5, 95%
confidence level (1-a), 95% test power (1-f) values were
entered G-power (version 3.1) package program. Then, the
study included 91 participants.

Statistical Analysis

SPSS (Statistical Package for the Social Sciences) version 25.0
(IBM Corp., Armonk, NY, USA) program was used for sta-
tistical analysis. Descriptive, graphical, and statistical meth-
ods were used to examine whether the scores obtained
from each variable were in a normal distribution. The Kol-
mogorov—Smirnov test checked the normality of the scores
obtained from a continuous variable by statistical methods.
Descriptive statistical methods (number; percentage, mean,
median, standard deviation, etc.,) were used to evaluate the
study data. In the quantitative data, comparisons between
the two groups were made with the independent sample t-
test, while qualitative comparisons between the groups were
made with the Pearson Chi-square test. In the study, the
presence of gallstones was the dependent variable, where-
as demographic and body composition characteristics were
considered independent variables. Univariate and multivariate
logistic regression modeling measured the effect of indepen-
dent variables on the dependent variable. In addition, receiver
operator characteristic analysis distinguished the most appro-
priate body composition index to predict the presence of
GD. Results: Significance in the 95% confidence interval (Cl)
will be evaluated under P<0.05.

RESULTS

Demographic and Body Composition Character-
istics of the Participants

Eighty-three people with GD were in the GD group, and 108
people without gallstones were in the control group. The
mean age of the GD patients was 52.13 (standard deviation
[SD]: 13.96) and 54.2% were female. The mean age of the
control group was 47.79 (SD: 17.27) years and 56.5% were
male. However, the mean BMI was higher in the GD group
(P=0.007). In the body, composition indices between the two
groups were examined, TBFM (P=0.004), BFP (P=0.003), BFP
of the trunk (P=0.003), and VFL (P=0.005) were statistically
significantly higher in the GD group than in the control group,
whereas MWID (P<0.001) was statistically significantly lower
(Table 1).
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Table I. Characteristics and body composition of the two groups
Variable GD (n=83) Control (n=108) tiy2 P-value
Age* 52.13£13.96 47.79+17.27 1.922: 0.056
Sex, n (%)

Male 38 (45.8) 61 (56.5) 2.152° 0.142

Female 45 (54.2) 47 (43.5)
BMI (kg/m?)# 30.80+6.28 28.48+5.48 2.723* 0.007%*
BMI group, n (%)

Ideal I (13.3) 27 (25) 5.572° 0.062

Overweight 32 (38.6) 44 (40.7)

Obese 40 (48.2) 37 (34.3)
Height (cm)#* 161.64+9.2| 163.67+9.61 1.472: 0.143
Weight (kg)* 79.45+16.18 76.05+14.10 1.546 0.124
Total body fat mass (kg)* 30.23%12.10 25.25%11.15 2.951° 0.004*
BFP (%)* 36.95+9.57 32.36£11.07 3.008* 0.003*
Total body water#* 36.56+6.73 37.35£7.20 0.777 0.438
Body fat mass of trunk (kg)* 15.32+5.19 12.91+5.55 3.056* 0.003*
Visceral fat level# 13.43+4.93 11.25+5.48 2.851° 0.005*
Mean water intake daily (L)* 1.49+0.59 1.88+0.35 5.256° <0.001*

*: P<0.05; #: MeanzSD; *(t): Independent sample t-test; *Pearson Chi-square; ‘Continuity correction; % Fisher’s exact test; y* Chi-square
tests; BMI: Body mass index; BFP: Body fat percentage; GD: Gallstone disease; SD: Standard deviation.

Subgroup Analysis of Body Composition

In males, the mean age was higher in the GD group than in
the control group (53.5 vs. 45.4; P=0.031); in females, the
difference between the mean age of both groups was not
significant (P=0.726). MWID was significantly lower in both
men and women in the GD group (male, 1.5 L vs. 1.9 L;
P<0.001 and female, 1.5 L vs. 1.8 L; P=0.002). In females, BMI
(P=0.026), TBFM (P=0.030), and BFM of the trunk (P=0.017)
were statistically significantly higher in the GD group than in
the control group (Table 2).

Receiver Operator Characteristic Curve Analysis
Results

The results of the receiver operator characteristic analysis to de-
termine gallstone disease are in Table 3 and Figure |. Theredfter;
In determining the presence of GD, the cutoff value for BFP
was 0.24, and the AUC value was 62%. For the BFP, 0.24 cutoff
value was detected in determining the presence of GD, sensi-
tivity was 92%, specificity 27%, and accuracy 55%. In determin-
ing the presence of GD, the cutoff value for the BFM of the
trunk was |3 kg, and the AUC value was 62%. Sensitivity was
66%, specificity 55%, and accuracy 60% for the |3 kg cutoff val-
ue detected in determining the presence of GD. In determining
the presence of GD, the cutoff value for MWID was |.5 L, and
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the AUC value was 70%. For the daily, 1.5 L water consump-
tion cutoff value detected in determining the presence of GD,
sensitivity was 49%, specificity 89%, and accuracy 72%.

Variables Associated with Gallstone Disease

Results of univariate analysis

According to the univariate logistic regression analysis, BMI,
TBFM, BFP, BFM of the trunk, VFL, and MWID were associ-
ated with the presence of GD (P<0.05). Accordingly, those
with a BFP level of 20.24 compared to those with a BFP level
of <0.24 had a GD risk of 3.9 (95% Cl: 1.6-9.6) times high-
er than others. While those with a BFM of the trunk of 13
kg and over 2.1 (95% Cl: 1.2-3.8) times higher than others.
Moreover, those with a BMI of 13 kg and over had 2.7 (95%
CI: 1.2-6.1) times higher risk than others with normal BMI.
Furthermore, those with daily water consumption of 1.5 li-
ters and above compared to those with less than I.5 liters
had a GD risk 88% lower (OR: 0.12; 95% CI: 0.05-0.25). In
addition, a |-unit increase in VFL increased the risk of GD 1.1
(95% ClI: 1.02—1.15) times (Table 4).

Multivariate Regression Analysis Results

In the univariate analyses, multivariate logistic regression
analysis established by the stepwise method was applied by
including variables (age, sex, BMI, TBFM, BFP [%], BFM of
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Table 2. Body composition of male and female subgroups

Male
Variable
GD Control Pa-value
Age* 53.50+14.38 45.37£18.72 0.031*
BMI (kg/m?)# 28.13+3.89 27.35+4.64 0.392
Height (cm)* 168.47+7.36 169.15+7.67 0.667
Weight (kg)* 79.80+11.56 78.43+14.01 0.616
Total body fat mass (kg)* 23.88+7.23 21.46x10.01 0.199
BFP (%)* 29.60+6.33 26.44+8.95 0.061
Total body water# 41.16+5.66 41.81+5.85 0.583
Body fat mass of trunk (kg)* 12.80£3.75 11.45£5.51 0.150
Visceral fat level* 10.50+3.67 9.16+4.84 0.148
Mean water intake daily (L)* 1.50£0.58 1.93£0.33 <0.001*
Female
Variable
GD Control Pa

Age* 50.98+13.66 49.94%14.71 0.726
BMI (kg/m?)# 33.06+7.02 29.95+6.15 0.026*
Height (cm)* 155.87+6.178 156.55+6.81 0.614
Weight (kg)* 79.15+19.38 72.96x13.75 0.080
Total body fat mass (kg)* 35.59+19.38 72.96x13.75 0.030*
BFP (%)* 43.167.13 40.05£8.59 0.063
Total body water* 32.68+4.87 31.56+3.93 0.230
Body fat mass of trunk (kg)* 17.45+5.32 14.81£5.06 0.017*
Visceral fat level* 15.91+4.50 13.96£5.10 0.055
Mean water intake daily (L)* 1.48+0.60 1.81£0.37 0.002*

*P<0.05; #“MeanzSD; * Independent sample t-test. BMI: Body mass index; BFP: Body fat percentage; SD: Standard deviation; GD: Gallstone

disease.

Table 3. Receiver operating characteristic curve analysis results

Gallstone disease BFP (%) Body fat mass of trunk (kg) Mean water intake daily (L)
Cutoff 0.24 13 1.5

AUC (95% ClI) 0.616 (0.537-0.695)** 0.616 (0.537-0.695)** 0.696 (0.617-0.775)*
Sensitivity 0.92 0.66 0.49

Specificity 0.27 0.55 0.89

PPV 0.49 0.53 0.79

NPV 0.8l 0.68 0.70

Accuracy 0.55 0.60 0.72

*P<0.001, **P<0.01; PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve; BFP: Body fat percentage;

Cl: Confidence interval.
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Figure 1. Receiver operator characteristic curve of gallstone dis-
ease.

trunk [kg], VFL, and MWID [L]) that were statistically sig-
nificant or close to significance with the presence of GD.
The most meaningful analysis results were from the stepwise
method in step 2. In step 2, two independent factors related
to the presence of GD were determined. According to the
regression analysis, the model determination coefficient is
R2 (Nagelkerke)=0.28. This means that 28% of the variance
in the dependent variable were explained by the predictors.
The model (F=43.780, P<0.001) was significant at the 95%
confidence level since the P<0.001. According to the multiple
logistic regression model, a BFP level of 20.24 increased the
risk of GD 3.1 (95% CI: 1.2-7.9) times, and water consump-
tion of fewer than |.5 | per day increased the presence of
GD 7.8 (95% Cl: 3.6—16.8) times. The probability of correct
classification of the logistic regression model was 72%. The
model correctly estimated the presence of GD by 72% with
the clinical findings used. According to the logit model equa-
tion from the variables in the model, the probability of GD
occurrence in an individual with a BFP rate of 24% and above,
and daily water consumption of fewer than .5 liters was cal-
culated as P(Y=1) = I/1+e— (—1.758+1.132 *1+2.052 *1) ap-
proximately 80.6% (Table 5).

Table 4.  Univariate regression analysis results
Variable Category OR (95% CI) P-value
Age All 1.017 (0.999-1.036) 0.064
Sex Male | (reference)
Female 1.537 (0.864-2.733) 0.143
BMI (kg/m?) All 1.071 (1.017-1.128) 0.009*
BMI group Ideal | (reference)
Overweight 1.785 (0.774-4.118) 0.174
Obese 2.654 (1.155-6.094) 0.021*
Height (cm) All 0.977 (0.948-1.008) 0.143
Weight (kg) All 1.015 (0.996-1.035) 0.125
Total body fat mass (kg) All 1.038 (1.011-1.065) 0.005*
BFP (%) All 1.043 (1.014-1.073) 0.004*
BFP (%) <0.24 | (reference)
20.24 3.986 (1.648-9.642) 0.002*
Total body water All 0.984 (0.944-1.025) 0.436
Body fat mass of trunk (kg) All 1.086 (1.028-1.148) 0.003*
Body fat mass of trunk (kg) <13 | (reference)
>13 2.127 (1.183-3.824) 0.012*
Visceral fat level All 1.082 (1.023-1.145) 0.006*
Mean water intake daily (L) All 0.187 (0.096-0.364) <0.001*
Mean water intake daily (L) <l.5 | (reference) <0.001*
21.5 0.116 (0.054-0.248)

*P<0.05. Univariate logistic regression analysis. OR: Odd ratio; Cl:Confidence interval; |: Reference value; BMI: Body mass index; BFP: Body

fat percentage.
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Table 5. Multivariate regression analysis results

Variables (model-2) Category B SE Wald’s OR (95%Cl) P-value

BFP (%) <0.24 1.132 0.482 5.524 | (reference) 0.019*
20.24 3.102 (1.207-7.972)

Mean water intake daily (L) <I.5 2.052 0.392 27.437 7.786 (3.612-16.781) <0.001*
21.5 | (reference)

Constant All -1.758 0.454 14.983 0.172 <0.001

*P<0.05. Multiple logistic regression, R* (Nagelkerke): 0.28, Model * 43,780, P<0.00|. Dependent variable: Gallstone disease (I: Yes, 0: No),
Excluded variables: Age, sex, BMI (kg/m?), Body fat (kg), body fat mass of trunk (kg) and visceral fat level, correct classification probability of
the model: 72,3%. OR and P-value were obtained using multivariate logistic regression analysis model. Method: Forward stepwise. OR: Odd
ratio; Cl: Confidence interval; |: Reference value; SE: Standard error; BFP: Body fat percentage; BMI: Body mass index.

DISCUSSION

In our study, BMI, BFP, TBFM, BFM of the trunk (kg), and VFL
were higher in patients with gallstones compared to the con-
trol group. MWID was lower in patients with gallstones than
in the control group. Multivariate regression analysis revealed
that BFP and MWID were independent risk factors for stone
formation in the gallbladder. When women and men were
evaluated separately, MWID was statistically significantly low-
er in both men and women with gallstones. Furthermore,
BMI, TBFM, and BFM of the trunk were statistically signifi-
cantly higher in women with gallstones. In the pathogenesis
of gallstone formation, high cholesterol concentration in the
bile, gallbladder motility, intestinal motility, and supersatu-
rated bile acid are the effective factors.'® In a study using
body compositions measured by the BIA technique, BMI, BFP,
and waist circumference were the risk factors for gallstone
formation.l'? In two studies conducted in women and men
separately, central adiposity determined by abdominal cir-
cumference and waist—hip ratio measurements were predic-
tive factors in gallstone formation independently of BML['*%)
However, in these studies, we found that anthropometric
measurements such as waist circumference, abdominal cir-
cumference, and waist—hip ratio were the measurements of
the participants. Considering that there may be measurement
errors during these measurements and that the body struc-
tures of individuals may be different, we believe that central
adiposity should be evaluated with more standardized mea-
surements. For these reasons, we included BFM of the trunk
and VFL parameters measured with an InBody 270 device
(Biospace, Seoul, Korea) instead of waist circumference, ab-
dominal circumference, and waist—hip ratio. In the univariate
analysis, BFM of the trunk and VFL were statistically signifi-
cantly higher in the group with gallstones, but there was no
independent variable compared with the multivariate analysis.

After understanding the pathogenesis of gallstones, studies
conducted to prevent gallstones have focused on the factors
in reducing obesity and fat ratios, especially diet and physi-
cal activity.?""! We did not find any study in the literature
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investigating the effects of daily water intake on gallstone for-
mation. In our study, when the sexes were evaluated both
separately and together, MWID was an independent risk fac-
tor for gallstone formation. VWe observed that the risk of gall-
stone formation increased 3.1 times in people with BFP above
24% and 8 times in people with MWID below 1.5 I. In studies
investigating the effects of soft drinks, studies show that caf-
feinated soft drinks reduce the risk of gallstone formation,**
as well as studies claiming the opposite.?! In our study, while
MWID amounts were effective, there was no statistically sig-
nificant difference between the two groups in TBW measure-
ments. We think that this situation is due to the high intake
of black tea in Turkish society. In a study conducted on pa-
tients with jaundice, TBW, and extracellular water have been
shown to be reduced.?! However, we could not compare
with this study because patients with jaundice were prone
to hypovolemia and renal dysfunction due to conditions such
as cholangitis and sepsis and patients with jaundice were ex-
cluded from our study.

One of the limitations of our study was that we selected
participants from the outpatient clinic. This may have result-
ed in selection bias. In addition, the MWID values were the
amounts stated by the participants. MWID amounts may vary
periodically. Another limitation is that in this study, we did
not evaluate the effects the soft drinks consumed by the par-
ticipants other than water. However, since the same method
was used in both groups, we believe that our results were
not affected.

CONCLUSION

BFP and MWID are independent risk factors for gallstone
formation. We believe that more effective results will be ob-
tained in multicenter studies with a large population inves-
tigating the effects of total daily soft drink consumption on
TBW. In addition, we believe that BIA, an inexpensive, easily
applicable, and non-invasive technique, can be used not only
as a guide for gallbladder stone disease but also for preventing
diseases in many areas.
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Safra kesesi tagi olan hastalarda biyoelektrik impedans analizine dayali viicut
kompozisyonlarinin ve su aliminin prospektif degerlendirilmesi

Dr. Mustafa Sami Bostan, Dr. Salih Yilmaz

Tokat Gaziosmanpaga Universitesi Tip Fakiiltesi, Genel Cerrahi Anabilim Dali, Tokat, Tiirkiye

AMAC: Biyoelektrikal impedans analazi (BIA) viicut komponentlerinin karsilagtirilmasi, safra kesesi tagi olusumunu engellemeye yardimci olabilecek
prediktif faktorlerin ortaya konulmasi amaglanmistir.

GEREC VE YONTEM: Safra kesesinde ultrasonografi ile tag saptanan hastalar vaka grubu olarak segilirken, tag saptanmayan katilimcilar kontrol
grubuna segcildi. Her iki gruptaki katilimcilarin viicut komponentleri BIA ile dlciildi. Katiimcilarin demografik 6zellikleri, glinliik ortalama su tiiketim
miktarlari (MWID), BIA ile &lgiilen viicut kitle indeksi (BMI), total yag agirligi (TBFM), total viicut yag orani (BFP), total viicut su miktari (TBW), gév-
de yag agirligi (BFM govde) ve i¢ organ yag duzeyi (VFL) kaydedildi. Safra tasi olusumunda prediktif risk faktorleri istatiksel analiz ile ortaya konuldu.
BULGULAR: Safra kesesinde tas saptanan grupta 83, saptanmayan grupta |08 katilimci olmak lizere toplamda |91 katiimcinin verileri incelendi. Her
iki grup yas ve cinsiyet agisindan istatiksel olarak benzerdi (p>0.05). Tek degiskenli analizde BMI, TBFM, BFP, BFM govde ve VFL safra kesesinde tas
saptanan grupta istatiksel anlamli olarak daha yiiksek iken (sirasiyla p=0.007, p=0.004, p=0.003, p=0.003, p=0.005) MWID miktari daha diisiik idi
(p<0.001). Cok degiskenli analizde ise MWID (ref: >1.5 OR: 7.786 95%Cl: 3.612-16.781) ve BFP (ref: 20.24 OR: 3.102 95%Cl: 1.207-7.972) safra
tasl olusumunda bagimsiz faktorler olarak karsimiza gikmaktadir.

SONUC: Giinliik ortalama su tiketim miktari ve kolay uygulanabilir, non-invaziv bir yontem olan BIA teknigi ile &lglilen BFP diizeyi safra tasi olusu-
munda bagimsiz risk faktorleridir.

Anahtar sozclikler: Safra kesesi tasi; glinlik ortalama su tiiketim miktari; biyoelektrikal impedans analazi; viicut komponentleri; total viicut yag orani.
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