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Abstract

Aim: The gallbladder is increasingly recognized as a metabolically active organ that regulates bile acid signaling and systemic metabolic
homeostasis. While the metabolic consequences of laparoscopic cholecystectomy (LC) have been extensively studied, its long-term impact on
mineral and trace element homeostasis remains unknown. To our knowledge, this is the first prospective study to evaluate the longitudinal
changes in multiple serum minerals and trace elements following LC. Therefore, this study aimed to assess changes in serum mineral and
trace element levels and body mass index (BMI) at six months after LC in patients with symptomatic gallstone disease.

Materials and Methods: This prospective longitudinal pilot study included 30 patients with symptomatic gallstone disease who underwent LC.
Serum samples were collected preoperatively and at six months postoperatively. Serum levels of Cu, Zn, Fe, Mg, Cr, Cd, and Se were measured
using inductively coupled plasma mass spectrometry. BMI was calculated by measuring weight before surgery and six months after surgery.
Pre- and postoperative measurements and sex-based differences were statistically analyzed, with correction for multiple comparisons by sex.

Results: BMI increased significantly six months after LC, compared with baseline (p<0.001). Serum Fe, Zn, Mg, and Cr levels decreased
significantly after LC (p<0.001), while Cu and Cd levels increased significantly (p<0.001). Although a slight decrease in Se levels was observed,
it was not statistically significant (p=0.856). After correction for multiple comparisons, women had significantly lower preoperative Cr levels
and postoperative Fe levels than men.

Conclusion: LC was associated with significant changes in serum mineral and trace element homeostasis and an increase in BMI six months
postoperatively. These findings may be related to alterations in BA physiology and enterohepatic circulation following LC; however, the
underlying mechanisms remain to be elucidated. Long-term prospective studies integrating BA profiles, gut microbiota, and nutritional
biomarkers are required to elucidate the underlying mechanisms of these changes.
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Introduction

Gallstone disease (GSD) is one of the most common surgical
diseases worldwide and, with its increasing incidence over time,
represents an important health problem (1). Cholelithiasis,
defined as the formation of concentrated bile crystals or stones
within the gallbladder (GB), is the most common GB disease.
Cholelithiasis is characterized by the formation of crystallized
deposits, usually composed of cholesterol or bilirubin, in the GB
or bile ducts. Its global prevalence is approximately 6%, and it
has been reported to be associated with geographic origin, age,

sex, and metabolic disorders (2). Although patients are generally
asymptomatic, invasive treatment modalities, predominantly
surgical approaches, are used for patients who are symptomatic
(1). Today, laparoscopic cholecystectomy (LC) is accepted as the
gold-standard surgical method in the treatment of symptomatic
GSD because, owing to its minimally invasive nature, it provides
faster recovery, shorter hospital stay, and lower postoperative
morbidity compared with open surgery (1,3). Although
cholecystectomy has been reported to be a safe procedure in
the treatment of patients with gallstones, cholecystectomy has
also been associated with metabolic disorders, including type
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2 diabetes mellitus and metabolic dysfunction-associated fatty
liver disease. While the GB has traditionally been regarded as
a reservoir organ that stores bile, recent evidence has shown
that it also has important direct and indirect roles in metabolic
regulation (3,4). The primary function of the GB is to store and
concentrate bile produced by the liver (5). However, in addition
to the well-known roles of bile within the GB in the digestion and
absorption of lipids, italso has physiological rolesin glucose, lipid,
and energy homeostasis (4). Evidence obtained from studies has
shown that the elevated cholesterol levels and impaired insulin
resistance observed after cholecystectomy indicate that the GB
plays a role in metabolic regulation (4,6). Bile acids (BAs) also
act as signaling molecules that regulate fundamental metabolic
pathways via nuclear receptors such as the farnesoid X receptor
(FXR) (6,7). Therefore, unexplained metabolic abnormalities
in patients who have undergone cholecystectomy may be
related to the different physiological functions of the GB (8,9).
As a result of cholecystectomy-related loss of the GB’s reservoir
and concentrating capacity, various functions, including the
regulation of the enterohepatic circulation of concentrated BAs,
are altered (10). In this situation, the diluted bile continuously
produced by the liver is secreted into the intestine (9). The altered
secretion of BAs after cholecystectomy has adverse effects on
intestinal functions (11,12).

Minerals and trace elements comprise a heterogeneous group
with diverse biological and toxicological roles. While elements
such as Fe, Zn, Mg, Cu, and Se contribute to essential physiological
processes, Cd isa non-essential toxic element, and the essentiality
of Cr in humans remains debated (13). Studies have shown that
conjugated bile salts have superior emulsification properties
compared with unconjugated ones and facilitate the absorption
of lipophilic compounds, including fat-soluble vitamins (14).
However, it is thought that changes in BA physiology may alter
the intestinal bioavailability and absorption of certain trace
elements by affecting micelle stability and the environment of
the intestinal lumen (15,16).

Although there is growing evidence that cholecystectomy
may affect metabolic homeostasis through changes in BA
physiology, its long-term effects on serum mineral and trace
element homeostasis have not yet been fully elucidated.
Accordingly, the present pilot study included both nutritionally
relevant elements (Fe, Zn, Mg, Cu, and Se) and elements of
toxicological relevance or of uncertain biological relevance
(Cd and Cr) to explore whether LC is associated with broader
changes in the serum elemental profile. In this study, we aimed
to evaluate changes in preoperative and 6-month postoperative
serum levels of Cu, Zn, Fe, Mg, Cr, Cd, and Se in patients who
underwent LC.
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Materials and Methods

Study Groups

This study included 30 patients with symptomatic cholelithiasis
who underwent LC at the General Surgery Clinic of Private Nigde
Hayat Hospital. A diagnosis of symptomatic cholelithiasis was
made by abdominal ultrasonography in patients presenting with
symptoms such as postprandial abdominal pain, abdominal
distension, and pain radiating to the right shoulder (17).
Patients with acute cholecystitis, choledocholithiasis, diabetes,
hypertension, nephrotic syndrome, pancreatitis, anaemia,
familial hyperlipidaemia, hyperthyroidism or hypothyroidism,
coronary artery disease, other metabolic diseases, morbid
obesity (body mass index, BMI >40, pregnancy, those using
lipid-lowering therapy, those with hormonal disorders, and
patients who had undergone any small intestine surgery were
not included in the study. The study was approved by the Non-
Interventional Clinical Research Ethics Committee of Nigde Omer
Halisdemir University (approval no: 2025/70, date: 29.07.2025),
and patients who voluntarily agreed to participate were enrolled
in the study. Written informed consent was obtained from all
participants prior to enrollment in the study. All study procedures
were carried out in accordance with the ethical principles of the
Declaration of Helsinki.

Collection of Blood Samples

For each participant, 5 mL of blood was drawn into two sterile
tubes containing gel. Similarly, when the patients attended
the general surgery clinic for follow-up, blood samples were
collected 6 months after LC. Based on data from previous
studies, it has been shown that lipid levels are affected
by the time elapsed after cholecystectomy, with the most
pronounced changes observed at six months after surgery (18).
Therefore, therefore, in our study, it was preferred to collect
blood samples 6 months after LC. Blood samples collected
in gel-containing tubes before and after LC were allowed to
clot at room temperature, and then the clotted samples were
centrifuged at 3000 x g for 10 minutes to separate the serum
phase. Serum samples were stored at -80 °C until mineral and
trace-element levels were analyzed.

Determination of BMI

The body weights and heights of participants in the study group
were measured before and after LC surgery. BMI values were
calculated by dividing body weight in kilograms by the square
of height in metres (kg/m?). According to the World Health
Organization’s diagnostic criteria for obesity, individuals with a
BMI >30 kg/m? are considered obese (19).
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Measurement of Mineral and Trace Element Levels

Serum mineral and trace element levels (Cu, Cr, Cd, Mg, Fe, Zn,
and Se) were determined using inductively coupled plasma
mass spectrometry (ICP-MS; Thermo Scientific iCAP RQ, Bremen,
Germany), which is widely accepted as the reference analytical
technique for multi-element determination in biological
samples because of its excellent analytical accuracy, a wide
linear dynamic range, and the ability to measure multiple
elements simultaneously at trace levels. Prior to ICP-MS analysis,
samples were subjected to microwave-assisted digestion (MARS
6, CEM Corporation, Matthews, NC, USA). Calibration curves
were constructed using multi-element standard solutions with
terbium (Th) as the internal standard. The calibration curves
showed good linearity (R* >0.99) for all elements. The limits of
detection for the analysed elements were in the ppb range and
were determined from calibration curves generated by the ICP-
MS system. Throughout the analysis, quality control measures
such as blanks and standard evaluations were applied. Each
sample was analysed in triplicate and findings were recorded in

ppb or pg/L.
Statistical Analysis

Numerical variables were summarized as mean =+ standard
deviation (SD) and minimum-maximum values. Normality was
assessed using the Shapiro-Wilk test and Q-Q plots. Preoperative
and postoperative measurements were compared using paired-
samples t-tests or Wilcoxon signed-rank tests, as appropriate.
Effect sizes were reported as Cohen’s dz for paired t-tests and
matched-pairs rank-biserial correlation (rrb) for Wilcoxon
tests. Sex-based comparisons were performed using Welch’s
independent-samples t-test, with Hedges g reported as the
effect size. Bonferroni correction was applied to the 16 sex-
based comparisons, yielding an adjusted significance threshold
of p<0.003. Statistical analyses were performed using IBM SPSS

version 26 (SPSS, Inc., Chicago, IL, USA). A two-sided p-value <0.05
was considered statistically significant, except for Bonferroni-
adjusted comparisons.

Results

The mean age of the patients with symptomatic gallstones
included in the study was 44.73 years (range 31-67). Of these,
63.33% were female (n=19) and 36.66% were male (n=11).
A statistically significant increase was observed in BMI from
28.4%3.10 kg/m? before LC to 29.8+3.97 kg/m? six months after
LC (Table 1; p<0.001). The proportion of patients with BMI > 30
kg/m? increased from 33.3% (10/30) before LC to 46.7% (14/30)
six months after LC. Mineral and trace element levels in serum
samples collected from patients before LC and 6 months after
LC were compared. Cr, Fe, Zn, and Mg levels decreased after LC
(Table 1; p<0.001), whereas Cu and Cd levels increased (Table
1; p<0.001). Although serum Se levels were lower after LC
compared with pre-LC values, this decrease was not statistically
significant (Table 1; p=0.856). After Bonferroni correction
for multiple comparisons (adjusted significance threshold,
p<0.003), women had significantly lower preoperative Cr levels
and lower postoperative Fe levels than men. No other sex-based
comparisons met the Bonferroni-adjusted significance threshold
(Table 2).

Discussion

Increasing evidence suggests that the GB is not merely a passive
bile reservoir but an active regulator of systemic metabolic
homeostasis (6,7,20-25). While the metabolic consequences of
cholecystectomy on glucose and lipid metabolism and on fatty
liver disease have been extensively investigated, its potential
impact on mineral and trace element homeostasis remains
almost entirely unexplored. To our knowledge, this is the first

Table 1. Comparison of BMI and mineral and trace element levels before and after LC operation

hBA?(:r:eiLgD (min-max) ll\\/lf(te;l-ic- SD (min-max) p Effect size
BMI 28.4+3.10 (22.8-34.4) 29.8+3.97 (22.5-39.8) r_rb r_rb
Cr 4.09%0.691 (3.01-5.55) 3.6210.640 (2.83-5.18) <0.001» r_rb=-1.00
Cu 848+221 (506-1361) 1270+458 (591-2200) <0.001* r_rb=1.00
Fe 1178+130 (836-1372) 970+127 (757-1257) <0.001" dz=-1.48
n 691+127 (404-892) 574113 (387-796) <0.001" dz=-1.01
Mg 7920+853 (6371-9734) 66101694 (5310-7960) <0.001* dz=-2.12
Se 66.0+5.32 (54.4-77.4) 65.9+5.54 (53.6-76.3) 0.856° dz=-0.03
Cd 31.1£2.16 (23.1-36.5) 38.0+3.40 (29.5-43.9) <0.001" dz=2.45
aWilcoxon signed-rank test, bpaired-samples t-test. Effect sizes are reported as matched-pairs rank-biserial correlation (r_rb) for Wilcoxon signed-rank tests and Cohen’s dz for
paired-samples t-tests
BMI: Body mass index, SD: Standard deviation, Min-max: Minimum-maximum

483




Ersan and Bolat. Trace Element Homeostasis After LC

Eurasian | Emerg Med.
2026;25: 481-8

prospective study to demonstrate that LC is associated with
persistent changes in several circulating minerals and trace
elements six months postoperatively.

It is increasingly accepted that changes in intestinal physiology,
nutrient absorption, and enterohepatic circulation following LC
may have long-term effects on metabolic homeostasis. Given
that these changes may also affect the intestinal absorption
and metabolism of trace elements, this study evaluated
changes in serum trace element levels before LC and six months
postoperatively. Among the symptomatic patients with gallstones
who participated in the study, 63.33% were female and 36.66%
were male; the average age was 44.7 years. The higher number of
female patients in our study group is consistent with the higher
prevalence of GSD in women reported in the literature (2,26-28).

Although trace elements constitute only a small part of the
diet, they play important roles in physiological and biochemical
processes (29). Adequate intake of trace elements is essential for
maintaining human metabolic homeostasis, and imbalances can
lead to the development of cardiovascular, digestive, endocrine,
blood, and other diseases (20). Although LC is considered a safe
and effective treatment method for symptomatic GSD, there is
increasing evidence that changes in intestinal physiology and
nutrient absorption following surgery can affect metabolic
homeostasis (3,7). The effects of these changes on serum trace
element homeostasis remain unclear.

In our study, six months after LC, serum Fe, Zn, Cr, and Mg levels
decreased, whereas Cd and Cu levels increased (all p<0.001). Fe
and Zn are absorbed primarily in the proximal small intestine,
and their intestinal bioavailability is influenced by luminal
conditions and interactions with other minerals (30,31).
Therefore, maintaining their solubility in the lumen is critical
for efficient absorption. Bile salts play an important role in
the physicochemical environment of the intestinal lumen and
facilitate the micellar solubilization and absorption of lipids and
fat-soluble compounds (14,32).

Cholecystectomy alters the pattern of BA delivery to the intestine
and may modify enterohepatic circulation and the intestinal
microenvironment (33,34). In this context, the decreases in serum
Fe and Zn observed in our study may partly reflect changes in
their intestinal bioavailability associated with altered bile flow
and changes in the intestinal environment after cholecystectomy.
However, as intestinal absorption and BA profiles were not
directly assessed in the present study, this proposed mechanism
remains speculative.

Naik et al. (35) reported a high prevalence of iron deficiency
among symptomatic patients with gallstones, suggesting that iron
metabolism may be closely related to GSD. However, this study
only evaluated the preoperative period and did not examine
changes in Fe homeostasis after cholecystectomy. In our study,
significantly lower serum Fe levels observed six months after LC

Table 2. Comparison of demographic characteristics and serum mineral and trace element levels according to sex

Female (n=19) Male (n=11) ,
Mean £ SD (Min-max) Mean + SD (Min-max) p Hedges' g
Age (year) 44.16%9.82 (31.00-67.00) 45.73+7.71 (37.00-61.00) 0.632 -0.17
BMI 29.20+3.32 (23.53-34.38) 27.1312.25 (22.84-30.42) 0.053 0.67
o Before LC 3.80+0.60 (3.01-5.12) 4.58+0.56 (3.70-5.55) 0.001" -1.31
After LC 3.41£0.50 (2.83-4.69) 3.99+0.71 (2.83-5.18) 0.028 —0.98
Cu Before LC 884,19+242,97 (506,20-1361,21) 784,421168,06 (525,02-1029,39) 0.196 0.44
After LC 1300,25£505,66 (591,19-2157,04) 1230,30£381,34 (822,38-2200,20) 0.658 0.15
Fe Before LC 1148,80+134,88 (836,05-1336,60) 1232,63%105,27 (1077,14-1372,02) 0.064 -0.67
After LC 914,35495,27 (756,63-1117,68) 1067,08+119,28 (878,10-1257,05) 0.002 -1.42
n Before LC 679,451124,71 (403,80-891,60) 709,71£135,88 (472,90-891,60) 0.552 -0.23
After LC 569,07£110,95 (407,10-796,00) 581,37£119,91 (387,30-782,60) 0.786 -0.10
Mg Before LC 7773,25+801,13 (6371,40-9206,50) 8172,48+918,21 (6372,20-9734,00) 0.245 -0.46
After LC 6470,24+574,92 (5309,90-7825,90) 6861,29+833,58 (5704,80-7960,30) 0.188 -0.56
e Before LC 66,54%5,53 (59.72-77.40) 65.19£5.06 (54.38-70.85) 0.505 0.24
After LC 66.17£5.65 (54.37-76.30) 65.31£5.55 (53.64-73.03) 0.687 0.15
d Before LC 30.83+2.17 (23.09-33.96) 31.63+2.15 (29.31-36.45) 0.336 -0.36
After LC 37.74%3.48 (29.51-43.96) 38.3613.38 (32.13-43.51) 0.634 -0.18

Data are presented as mean + SD. *Welch’s independent-samples t-test. Effect sizes are reported as Hedges’ g. Bonferroni correction was applied for 16 comparisons, resulting in
an adjusted significance threshold of p<0.003(0.05/16). LC: Laparoscopic cholecystectomy, BMI: Body mass index; SD: standard deviation
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suggest that alterations in Fe status may persist after surgery or
be associated with postoperative changes in biliary physiology.
However, given the prospective pre-post observational design of
our study, a causal relationship cannot be established, and this
hypothesis requires confirmation in larger, long-term prospective
studies. A notable decrease in serum Fe concentrations and a
significant increase in serum Cd concentrations were observed
six months after LC. Fe and Cd can share intestinal metal
transport pathways, and experimental studies suggest that
alterations in Fe status may influence intestinal Cd uptake (36-
38). Consequently, the decrease in serum Fe observed in our
study may have contributed to the increase in Cd concentrations
through shared metal transport pathways. However, because
metal transporter expression and intestinal Cd absorption were
not directly assessed, this interpretation should be regarded
as a plausible mechanistic hypothesis rather than evidence of
a causal relationship. Furthermore, serum Cd concentrations
may be influenced by environmental exposure, dietary factors,
and other physiological factors that were not comprehensively
assessed in the present study (38).

Magnesium absorption in the intestine occurs through both
passive paracellular diffusion and active transcellular transport
involving the transient receptor potential melastatin channels
TRPM6 and TRPM7 (39). Magnesium absorption efficiency is
influenced by luminal factors, including pH, mineral solubility,
food matrix composition, and intestinal transit time (39,40). In
our study, serum Mg levels decreased significantly six months
after LC. Changes in BA dynamics and the intestinal environment
following cholecystectomy may influence intestinal mineral
absorption and could therefore contribute to the observed change
in serum Mg (34). However, intestinal Mg absorption, BA profiles,
and related transport mechanisms were not directly assessed
in the present study; therefore, this interpretation remains
hypothesis-generating. Additionally, in patients experiencing
BA diarrhea post-cholecystectomy, accelerated intestinal transit
and increased gastrointestinal losses may further diminish
magnesium absorption (41).

Supporting our findings, a previous study noted reduced serum
and erythrocyte magnesium concentrations in patients with
post-cholecystectomy syndrome and reported symptomatic
improvement with magnesium supplementation. However, the
lack of a control group and the selective patient population
limit the causal interpretation of the association between
magnesium status and post-cholecystectomy syndrome (42).
Interactions between divalent minerals, fatty acids, and other
lipophilic components during intestinal digestion may influence
their physicochemical behavior and bioavailability (16). Such
nutrient-mineral interactions could represent a mechanism

contributing to the postoperative change in serum Mg observed
in our study. However, because fat digestion, intestinal free
fatty acid concentrations, and Mg absorption were not directly
assessed, this possibility remains speculative. Rather than
indicating that cholecystectomy directly causes magnesium
deficiency, our findings suggest that altered BA dynamics,
changes in the intestinal environment, and potential nutrient-
mineral interactions may collectively contribute to the observed
postoperative decrease in serum Mg.

In our study, serum Cu levels increased significantly six months
after LC compared with preoperative levels. Copper homeostasis
is regulated through coordinated intestinal absorption. Fraser
et al. (43) reported early postoperative changes in serum Fe
and Zn concentrations following cholecystectomy and cardiac
surgery, whereas serum Cu remained relatively stable during
the early postoperative period. These findings highlight the
influence of the acute surgical response on circulating trace
element concentrations. In contrast, our study assessed serum
Cu levels over a longer period by comparing preoperative
values with those obtained six months after surgery. Therefore,
the observed increase in serum Cu is less likely to reflect
solely a transient acute-phase response to surgical trauma.
Postoperative changes in hepatobiliary physiology and intestinal
homeostasis may contribute to the observed increase in serum
Cu; however, because copper absorption, biliary excretion, and
related regulatory mechanisms were not directly assessed, this
interpretation remains hypothesis-generating.

Six months after LC, serum Se levels did not change significantly
compared with preoperative levels, whereas serum Cr levels
decreased significantly. These findings suggest that the
postoperative changes observed in our study were not uniform
across all trace elements, potentially reflecting differences
in their absorption, transport, and homeostatic regulation.
Selenium is generally well absorbed, although its bioavailability
varies according to its chemical form, dietary composition, and
interactions with the gut microbiota (44-46). These characteristics
may partly explain the relative stability of serum Se levels
observed in our study. In contrast, the intestinal absorption and
bioavailability of Cr are relatively low and may be influenced
by dietary and gastrointestinal factors (47). Therefore, changes
in the intestinal environment following cholecystectomy could
contribute to the observed decrease in serum Cr. Because dietary
intake, intestinal absorption, gut microbiota, and element-
specific transport mechanisms were not directly assessed, these
interpretations are hypothesis-generating and do not provide
evidence of a causal relationship.

In this study, BMI values recorded prior to surgery and six
months after LC showed a significant postoperative increase.
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This finding aligns with previous research, which has also
documented an increase in BMI following cholecystectomy
(21,22,33,48). In a cross-sectional study, Cao et al. (21) reported
that cholecystectomy was independently associated with higher
BMI, with a more pronounced association among younger adults.
These findings suggest that the metabolic changes associated
with cholecystectomy may extend beyond its effects on bile
storage and digestion, potentially involving broader alterations
in metabolic homeostasis. Although postoperative dietary
changes may also contribute to weight gain, dietary intake was
not monitored in our study; therefore, the relative contribution
of dietary and metabolic factors to the observed increase in BMI
could not be determined.

Recent research suggests that the GB functions not only as a
passive bile reservoir but also as an active participant in the
regulation of systemic metabolic homeostasis (6,7,20,25).
Following cholecystectomy, the physiological meal-dependent
pattern of BA delivery to the intestine becomes less pronounced,
with bile entering the duodenum in a more continuous
manner. This change may alter enterohepatic circulation and
the BA pool composition, thereby affecting metabolic signaling
pathways mediated by the FXR, Takeda G protein-coupled
receptor 5, and fibroblast growth factor 19. Given that these
pathways are involved in the regulation of glucose metabolism,
energy expenditure, lipid homeostasis, and insulin sensitivity,
alterations in BA signaling have been proposed as a potential
mechanism contributing to long-term weight gain and metabolic
disturbances following cholecystectomy (6,7,21,22,24,34,49,50).
These physiological changes may affect both systemic energy
metabolism and intestinal absorption processes. Consequently,
the simultaneous increase in BMI and changes in serum
mineral and trace element levels observed in our study may
reflect overlapping mechanisms involving post-cholecystectomy
remodeling of the BA-gut microbiota-metabolic axis. Assessing
changes in BMI alongside mineral and trace element levels is
therefore an important aspect of this study. Although increased
body weight is known to affect mineral and trace element
metabolism, the distinct directional changes in individual
analytes suggest that factors beyond weight change may also be
involved; this possibility, however, could not be directly tested
in the present study. Specifically, post-cholecystectomy systemic
metabolic remodeling and element-specific intestinal transport
mechanisms may contribute to the observed changes in mineral
and trace element levels. However, given the limited number
of studies on this topic, the proposed mechanisms should be
considered hypothesis-generating rather than as evidence of a
causal relationship.
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Our findings expand the current understanding of
cholecystectomy beyond its effects on BA physiology and
lipid metabolism. The persistent changes in multiple serum
mineral and trace element levels observed six months after
cholecystectomy are consistent with broader metabolic
remodeling. These results further support the emerging view
that the GB serves not only as a passive reservoir for bile but
also as an integral component of systemic metabolic regulation.
Future large-scale mechanistic studies integrating BA profiling,
gut microbiota characterization, intestinal mineral transport
pathways, and metabolic biomarkers are needed to elucidate
the biological mechanisms underlying these observations and to
assess their potential clinical implications.

Study Limitations

This pilot study represents, to our knowledge, the first prospective
longitudinal investigation of changes in serum mineral and trace
element levels following LC. However, several limitations should
be considered. First, the study included only 30 participants,
which limits the precision and generalizability of the findings,
particularly for sex-based subgroup comparisons. Second, the
study used a pre-post observational design without a healthy
or non-surgical control group. Therefore, the preoperative
measurements should not be considered healthy baseline
values because all participants had symptomatic GSD, and the
observed longitudinal changes cannot be attributed solely to
LC. In addition, disease-related gastrointestinal symptoms,
dietary changes, medication use, and perioperative supportive
interventions were not systematically quantified; therefore,
their potential influence on preoperative serum mineral
and trace element concentrations could not be evaluated.
Furthermore, method-specific clinical reference intervals were
not established in the study population. Therefore, the absolute
serum concentrations should not be interpreted as evidence of
element deficiency or toxicity. The present findings primarily
reflect longitudinal within-patient changes. Third, individual
BA profiles, gut microbiota, and relevant nutritional biomarkers
were not assessed, limiting our ability to directly examine the
proposed mechanisms linking postoperative changes in and
intestinal physiology to mineral and trace element homeostasis.
Furthermore, serum mineral and trace element levels were
assessed at only two time points, immediately before LC and
six months after surgery; therefore, early and intermediate
postoperative changes could not be characterized. Urinary
excretion of minerals and trace elements was also not assessed.
An additional limitation is the lack of dietary monitoring
throughout the study. Dietary assessment would have facilitated
evaluation of the potential effects of habitual dietary intake
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and postoperative dietary changes on serum mineral and trace
element levels and BMI.

Conclusion

In this prospective pilot study, LC was associated with a significant
increase in BMI and a distinct shift in the serum elemental
profile six months after surgery, characterized by decreased Fe,
Zn, Mg, and Cr levels and increased Cu and Cd levels, while Se
levels remained unchanged. These findings suggest that the
gallbladder may play a role in maintaining mineral and trace
element homeostasis beyond its classical function in bile storage.
Monitoring body weight and selected mineral and trace element
levels may therefore be considered during the postoperative
follow-up of patients undergoing LC, pending confirmation of
these preliminary findings in larger controlled studies.
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