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Abstract
Background  Farnesoid X Receptor (FXR) regulates the enterohepatic circulation of bile acids and influences nutrient 
metabolism. These functions position FXR as a potential therapeutic target for obesity and related conditions, 
although its association with BMI in healthy individuals remains inadequately defined.

Objective  To investigate serum FXR levels in normal-weight, overweight, and obese individuals, considering 
their sociodemographic profiles, anthropometry, physical activity frequency, sleep patterns, eating behaviors, and 
laboratory findings.

Methods  This prospective cross-sectional study included 80 healthy participants (43 women [53.75%] and 37 men 
[46.25%]) who presented to the Family Medicine Clinic or Nutrition and Diet Polyclinic at Bezmialem Vakıf University 
Faculty of Medicine Hospital between January 2024 and June 2024. Participants were categorized into four groups 
including 20 individuals based on body mass index (BMI); Group 1: 18.5–24.9 kg/m² (normal weight), Group 2: 
25–29.9 kg/m² (overweight), Group 3: 30–34.9 kg/m² (obesity class I), Group 4: 35–39.9 kg/m² (obesity class II). 
Participants completed the Three-Factor Eating Questionnaire (TFEQ) to assess dietary habits. Biochemical parameters 
and FXR levels were analyzed from blood samples. All statistical analyses were conducted using SPSS version 26.0, 
with statistical significance defined as p < 0.05.

Results  Gender distribution and lifestyle factors did not differ significantly between groups. Higher BMI was 
associated with increased levels of glucose (p = 0.018), HOMA-IR (p = 0.008), LDL (p = 0.011), triglycerides (p = 0.013), 
and WBC (p = 0.015). Emotional eating scores in Group 1 were significantly lower than in Group 4 (p = 0.046). The mean 
serum FXR level was 10.93 ± 9.56 ng/mL, with significant differences across BMI groups (p = 0.014), being higher in 
obese individuals. FXR levels were positively associated with a family history of obesity (p = 0.031), the use of topical 
agents (p = 0.024), and serum zinc levels (p = 0.025), whereas no significant associations were observed with gender 
(p = 0.721) or eating behavior scores (cognitive restraint, p = 0.483; uncontrolled eating, p = 0.581; emotional eating, 
p = 0.814).
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Introduction
Obesity is currently recognized as the fifth leading cause 
of mortality worldwide. If current trends continue, an 
estimated 57.8% of the global population will be classi-
fied as overweight or obese by 2030. Obesity is a major 
risk factor for several comorbidities, including Type 2 
Diabetes Mellitus (T2DM), cardiovascular disease, and 
dyslipidemia [1, 2]. The most commonly used crite-
rion for defining obesity is the body mass index (BMI). 
According to the World Health Organization (WHO), 
individuals with a BMI below 18.5 kg/m² are classified 
as underweight, those with a BMI of 18.5–24.9 kg/m² 
as normal weight, 25.0–29.9 kg/m² as overweight, and ≥ 
30.0 kg/m² as obese [1]. Although obesity is attributable 
to genetic mutations in a very small subset of individuals, 
it is largely a preventable condition. Current treatment 
strategies include medical nutrition therapy, behavioral 
interventions, increased physical activity, pharmacologi-
cal treatments, and surgical procedures. However, the 
effectiveness of pharmacological treatments remains 
controversial, highlighting the necessity for more effec-
tive therapeutic strategies to prevent and manage obesity 
[3].

In recent years, bile acids have been identified as key 
regulators with hormone-like effects on glucose, lipid, 
and energy metabolism. They also play essential roles in 
fat and fat-soluble vitamin absorption and cholesterol 
regulation. The Farnesoid X Receptor (FXR), a member of 
the nuclear hormone receptor superfamily, is critical for 
bile acid and cholesterol homeostasis [4, 5]. Activation of 
FXR regulates the expression of several genes responsible 
for producing proteins that regulate the synthesis, trans-
port, and metabolism of bile acids. FXR contributes not 
only to the regulation of bile acid homeostasis but also 
functions as a central pathway in the metabolism and dis-
tribution of nutrients and pharmaceuticals. While FXR is 
primarily expressed in the liver and intestine—key com-
ponents of the enterohepatic circulation—it is also found 
in white adipose tissue, kidney, adrenal gland, stomach, 
pancreas, endothelial cells, and vascular smooth mus-
cle cells. This widespread distribution underscores the 
diverse biological functions of FXR [5, 6].

Bile acid research has advanced notably in recent years. 
Talavera et al. found that total bile acid levels are higher 

in obese individuals and positively correlate with BMI, 
independent of T2DM and Nonalcoholic Fatty Liver Dis-
ease (NAFLD) [7]. Given the regulatory role of FXR in 
whole-body metabolism, it is considered a potential ther-
apeutic target for obesity and its associated comorbidi-
ties [3]. Using an animal model of FXR deficiency, Cario 
et al. demonstrated a direct role of FXR in adipocyte 
function; yet, the exact molecular mechanisms remain 
unclear [8]. Likewise, experimental models of obesity in 
mice have demonstrated that FXR deficiency may exert 
beneficial effects on body weight regulation and glucose 
homeostasis [9, 10]. Mueller et al. also investigated bile 
acid treatment in morbidly obese patients with NAFLD 
and reported a reduction in FXR activation [11].

The role of FXR in the regulation of glucose, lipid, 
and energy metabolism, as well as its effects on improv-
ing glucose sensitivity and obesity, has been the focus of 
numerous reviews in recent years [12]. In this context, the 
study by Ding et al., highlighted FXR as the primary bile 
acid receptor controlling bile acid synthesis in the liver 
and demonstrated that FXR antagonists may be effective 
in alleviating high-fat diet–induced obesity and insulin 
resistance in mouse models [13]. Notably, activation of 
hepatic FXR signaling can contribute to the amelioration 
of metabolic diseases by reducing lipogenesis and sup-
pressing gluconeogenesis [14]. Analyses of human liver 
biopsy samples have further shown that FXR activity is 
initially higher in individuals with obesity, and that treat-
ment with the FXR agonist obeticholic acid markedly 
enhances fatty acid oxidation, mitochondrial function, 
and antioxidant responses, thereby significantly improv-
ing clinically desirable substrate utilization in obesity 
[15]. Collectively, evidence indicates that both hepatic 
FXR activation and intestinal FXR inhibition exert ben-
eficial effects on obesity-related metabolic disorders [16]. 
Accordingly, dysregulation of bile acid metabolism and 
FXR signaling along the gut–liver axis contributes to the 
development of metabolic diseases, including obesity, 
diabetes, and non-alcoholic fatty liver disease [17]. In 
line with these findings, Jiang et al. found a positive cor-
relation between FXR signaling and BMI in human distal 
ileum biopsies, suggesting that intestinal FXR inhibition 
may represent a novel therapeutic strategy for metabolic 
disorders [18]. Similarly, Tang et al., demonstrated that 

Conclusions  The observed associations between serum FXR levels and obesity-related metabolic parameters 
suggest that FXR may be involved in the metabolic dysregulation accompanying increased adiposity. Although 
experimental and translational studies have implicated FXR in glucose and lipid homeostasis, the present findings 
provide only preliminary clinical evidence and do not establish causality. Accordingly, FXR should be regarded as a 
mechanistic pathway of interest rather than a confirmed therapeutic or preventive target. Further longitudinal and 
interventional studies are needed to determine whether modulation of FXR activity or monitoring serum FXR levels 
has practical clinical relevance in obesity management.
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early-life exposure to emulsifiers increases susceptibil-
ity to obesity in mouse offspring via the gut microbiota–
FXR axis [19]. Supporting the mechanistic importance 
of FXR, Ryan et al., reported that the metabolic benefits 
of vertical sleeve gastrectomy are closely associated with 
increased circulating bile acids and FXR activity, whereas 
the absence of FXR markedly attenuates surgery-induced 
weight loss and improvements in glucose tolerance [20]. 
In this context, the high expression of FXR in both the 
liver and intestine underscores the need to clarify tissue-
specific roles in metabolic dysfunction, particularly obe-
sity. Nevertheless, further studies are required to identify 
serum bile acids, related metabolites, and gut microbial 
taxa as biomarkers for the treatment and prevention of 
obesity [21]. Despite these findings, fundamental clini-
cal studies are still needed to investigate the relation-
ship between FXR and BMI in healthy, intervention-free 
individuals.

The aim of this study was to investigate the association 
between serum FXR levels and BMI in healthy and obese 
individuals. To the best of our knowledge, this is the first 
observational study to examine this association. These 
findings may contribute to the development of therapeu-
tic strategies for obesity and its comorbidities through 
selective modulation of serum FXR levels.

Methods
Participants
A total of 80 male and female participants, aged 18–65 
years and without chronic diseases, were recruited from 
the Family Medicine Clinic and Nutrition and Diet Poly-
clinic of Bezmialem Vakıf University Faculty of Medicine 
Hospital between January and June 2024. The sample 
size was determined by power analysis, which indicated 
that at least 52 participants were needed to detect the 
expected effect size (assuming a correlation coefficient of 
0.38, a 95% confidence level, and 80% statistical power) 
[18]. Participants with a history of diabetes; gastrointesti-
nal diseases (e.g., gastroesophageal reflux, celiac disease, 
Crohn’s disease) or gastrointestinal resection; chronic 
liver or gallbladder diseases; cholecystectomy; organ 
transplantation; neurological disorders (e.g., demen-
tia, Alzheimer’s disease); mental retardation; cancer; 
chronic alcohol use; acute infections; or regular antibi-
otic use in the past month were excluded. Medication 
history was assessed through direct self-report during 
the clinical interview and cross-verified using electronic 
medical records to ensure accuracy. All participants 
were healthy volunteers with no history of chronic dis-
ease and no regular or recent use of systemic medica-
tions. Individuals taking medications known to influence 
metabolic, endocrine, inflammatory, hematological, or 
biochemical parameters were excluded, including anti-
diabetic agents, antihypertensive drugs, lipid-lowering 

therapies, antiplatelet or anticoagulant medications, 
corticosteroids, thyroid medications, hormone replace-
ment therapy, oral contraceptives, antidepressants, anti-
psychotics, immunosuppressive drugs, nonsteroidal 
anti-inflammatory drugs, and vitamin or mineral supple-
ments. The use of non-pharmacologically active topical 
agents (e.g., basic moisturizers or emollient creams with 
minimal systemic absorption) was permitted, as these 
products are not expected to exert systemic metabolic 
or endocrine effects. This screening approach minimized 
potential pharmacological confounding of laboratory 
measurements.

Procedures
Participants were stratified into four groups according to 
WHO obesity classification using stratified random sam-
pling, matched for age and gender: Group 1 (18.5–24.9 
kg/m², normal weight), Group 2 (25.0–29.9 kg/m², over-
weight), Group 3 (30.0–34.9 kg/m², obesity class I), and 
Group 4 (35.0–39.9 kg/m², obesity class II). BMI was cal-
culated as weight (kg) divided by height squared (m²) [1]. 
Sociodemographic data, anthropometric measurements, 
physical activity, and sleep patterns were recorded. 
Physical activity was evaluated through self-reported 
weekly exercise habits, including the type, frequency, 
and duration of regular physical activity. Based on these 
responses, participants were categorized as physically 
inactive (< 150 min/week of moderate activity), moder-
ately active (150–300 min/week), or highly active (> 300 
min/week), in accordance with the World Health Organi-
zation (WHO) guidelines for adult physical activity rec-
ommendations [22]. Sleep patterns were assessed using 
structured self-report questions regarding usual bedtime, 
wake-up time, total sleep duration, and subjective sleep 
quality over the previous month. Based on reported sleep 
duration, participants were classified as having adequate 
sleep (≥ 7 h/night) or insufficient sleep (< 7 h/night), in 
accordance with the recommendations of the American 
Academy of Sleep Medicine (AASM) [23].

Fasting venous blood samples were collected from par-
ticipants after an overnight fast. Serum was separated by 
centrifugation (2500 g, 10 min), aliquoted, and stored at 
− 80  °C until analysis. Routine laboratory parameters—
including FBG, LDL, TG, AST, ALT, CBC, Fe, Zn, Mg, 
ferritin, folate, TSH, vitamin B12, and vitamin D—were 
measured at the Bezmialem Vakıf University Medical 
Biochemistry Laboratory within one hour of collection to 
minimize pre-analytical variability. HOMA-IR was calcu-
lated as [fasting insulin (mIU/L) × fasting glucose (mg/
dL)] / 405. CBC was analyzed using an automated hema-
tology analyzer, biochemical parameters with a chemical 
auto-analyzer, and serum 25(OH)D levels with LC-MS 
using the Zivak 25(OH)D₂–D₃ kit.
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Serum FXR levels were quantified separately at the 
Bezmialem Vakıf University Biochemistry Laboratory 
using a standardized sandwich ELISA kit (BT LAB, 
Shanghai, China), following the manufacturer’s instruc-
tions. Briefly, 5 mL of venous blood was collected from 
participants in the fasting state prior to any intervention 
and centrifuged at 3500 rpm for 10 min within 30 min of 
collection to obtain serum samples. The separated serum 
was aliquoted and stored at − 80  °C until analysis. All 
samples and reagents were equilibrated to room temper-
ature prior to analysis. For the ELISA procedure, 50 µL of 
standard solution was added to the standard wells, while 
40 µL of serum sample and 10 µL of anti-FXR antibody 
were added to the sample wells, followed by the addition 
of 50 µL of streptavidin–HRP to both standard and sam-
ple wells. The plate was sealed and incubated at 37 °C for 
60 min, after which it was washed five times with wash 
buffer. According to the manufacturer, the intra-assay 
coefficient of variation was < 10% and the inter-assay 
coefficient of variation was < 12%. This standardized 
methodology ensured accuracy and reliability across all 
participants.

The three-factor eating questionnaire
The Three-Factor Eating Questionnaire (TFEQ) was 
originally developed by Stunkard and Messick in 1985 
with 51 items to assess three dimensions of eating behav-
ior [24]. Although first applied in obese populations, its 
validity has also been confirmed in non-obese individu-
als [25]. To improve practicality, Karlsson et al. intro-
duced the reduced 18-item version (TFEQ-R18), which 
includes three subscales [26]. The Three-Factor Eating 
Questionnaire (TFEQ-R18) assesses three dimensions of 
eating behavior: Cognitive Restraint (CR) — the deliber-
ate restriction of food intake to control weight; Uncon-
trolled Eating (UE) — the tendency to overeat due to loss 
of control, often triggered by hunger; and Emotional Eat-
ing (EE) — eating in response to emotions such as stress, 
anxiety, or sadness [27]. The questionnaire comprises 18 
items rated on a 4-point Likert scale (1 = definitely false, 
4 = definitely true). Raw subscale scores (CR, UE, EE) 
are summed and converted to a 0–100 scale using the 
formula:

	

(raw score−lowest possible raw score

/possible raw score range) × 100

Higher scores on each subscale indicate greater levels of 
the respective eating behaviors. The half-scale method 
was used to adjust for missing data, which averaged 0.06 
items per participant (range: 0–2) in this study. The Turk-
ish version of the TFEQ-R18 was validated by Kıraç et al. 
[28], and this validated version was used in the present 

study to assess eating behaviors. The full questionnaire is 
provided in the Supplementary Materials.

Statistical analysis
Descriptive statistics were reported as frequency (n) and 
percentage (%) for qualitative variables, and as mean, 
median, standard deviation (SD), minimum, and maxi-
mum for quantitative variables. Normality of quantitative 
variables was assessed using the Shapiro–Wilk test, and 
homogeneity of variances was evaluated with the Levene 
test. For comparisons across more than two independent 
groups, one-way ANOVA was used when parametric 
assumptions were met, and the Brown–Forsythe test was 
applied when variances were unequal. Tukey’s post hoc 
test was conducted for pairwise comparisons following 
ANOVA. Group comparisons were additionally adjusted 
for age and sex using analysis of covariance (ANCOVA), 
and age- and sex-adjusted p values are reported where 
applicable. Associations between quantitative variables 
were assessed using Spearman’s correlation analysis. A 
p-value < 0.05 was considered statistically significant. All 
analyses were performed using SPSS software (Version 
26.0; IBM Corp., Armonk, NY, USA).

Results
Population characteristics
The study group included 43 females (53.75%) and 37 
males (46.25%). Baseline clinical parameters of the 80 
participants are presented in Table 1.

Participants were categorized into four BMI-based 
groups (n = 20 per group). Gender distribution did not 
differ significantly between groups (p = 0.985). Biomark-
ers compared across BMI categories, together with age- 
and sex-adjusted p values and effect sizes, are presented 
in Table 2, with corresponding error-bar plots shown in 
Fig. 1.

After adjustment for age and sex, significant group 
differences were observed for HOMA-IR (adjusted 
p = 0.018), LDL cholesterol (adjusted p = 0.029), triglyc-
erides (adjusted p = 0.017), and white blood cell count 
(adjusted p = 0.020). Although fasting glucose initially 
differed between groups (raw p = 0.018), this difference 
did not remain significant after adjustment for age and 
sex (adjusted p = 0.358). Post-hoc analyses indicated that 
these differences were mainly driven by lower metabolic 
values in the normal-weight group (Group 1) compared 
with higher BMI groups, particularly obesity class II 
(Group 4). Effect size estimates indicated small-to-mod-
erate group effects for the variables showing significant 
differences (η² range: 0.128–0.146).

According to self-reports, 25% of participants indicated 
a family history of obesity, which differed significantly 
among the groups (p = 0.017), with the highest prevalence 
in Group 4 (class II obesity; 50%). Additionally, 73.8% 
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reported no routine use of topical agents, and 77.5% 
reported no additional diseases beyond those speci-
fied in the exclusion criteria, with no significant differ-
ences between groups. Regarding physical activity, 67.5% 
described themselves as less active, 26.3% as moderately 
active, and 6.3% as very active, again with no significant 
intergroup differences. Similarly, 61.3% reported having 
a regular sleep pattern, which also did not differ signifi-
cantly across the groups.

Assessment of the three-factor eating questionnaire
The mean scores and corresponding p-values for 
the Three-Factor Eating Questionnaire (TFEQ-R18) 
responses, assessing the three dimensions of eating 
behavior—CR, UE, and EE—are summarized in Table  3 
and error bar plots of CR, UE, EE by BMI groups were 
shown in Fig.  2. No statistically significant differences 
were observed among the groups in CR (p = 0.615) or 
UE mean scores (p = 0.119). However, EE mean scores 
differed significantly between groups (p = 0.042), with 
Group 1 showing significantly lower EE scores than 
Group 4 (p = 0.046). Additionally, a weak but significant 

positive correlation was found between BMI and EE 
scores (r = 0.251, p = 0.025), suggesting that EE scores 
increased with higher BMI.

In the analysis of correlations between laboratory 
parameters and TFEQ-R18 responses, a significant but 
weak positive correlation was observed between blood 
NLR levels and CR scores (r = 0.294, p = 0.008). Similarly, 
PLT levels showed a significant, although weak, positive 
correlation with EE scores (r = 0.263, p = 0.018). More-
over, blood vitamin D levels were also positively corre-
lated with EE scores, though weakly (r = 0.317, p = 0.043). 
No significant correlations were detected between other 
laboratory parameters and TFEQ-R18 responses.

Assessment of the Farnesoid X Receptor
Serum FXR levels constituted the primary outcome 
of this study. Across all participants, the mean serum 
FXR concentration was 10.93 ± 9.56, and FXR levels dif-
fered significantly among the BMI-based study groups 
(p = 0.014). Specifically, post hoc analyses demonstrated 
that individuals in the normal-weight group exhibited 
significantly lower serum FXR levels compared with 

Table 1  The clinical and laboratory parameters for all participants
Parameters Mean ± Standard Deviation Median [Min-Max]
Age (yr) 27 [18–55]

Waist Circumference (cm) 96 [65–135]

BMI (kg/m²)* 29.49 ± 5.69

FBG (mg/dL) 90.53 [76–118]

HOMA-IR (mg/dL) 2.18 [0.60–10.10]

LDL (mg/dL)* 109.67 ± 29.36

TG (mg/dL) 105.5 [38–455]

AST (U/L) 18 [12–80]

ALT (U/L) 20 [7–48]

WBC (×10³/µL)* 6.99 ± 1.54

NLR 1.79 [0.67–4.79]

RBC (×10⁶/µL)* 4.84 ± 0.46

HGB (g/dL)* 14.03 ± 1.42

HCT (%) 41.05 [32.5–51.9]

MCV (fL)* 86.35 ± 4.21

PLT (×10³/µL)* 262.11 ± 58.10

MPV (fL)* 10.25 ± 0.86

Zn (µg/dL)* 97.54 ± 15.91

Fe (µg/dL)* 79.49 ± 31.73

Mg (mg/dL)* 1.92 ± 0.13

Ferritin (µg/L) 36.4 [2.14–234.26]

Folate (µg/L)* 8.92 ± 1.91

TSH (mIU/L) 2 [0.71–6.93]

Vitamin B12 (ng/L) 288 [173–688]

Vitamin D (ng/mL)* 23.10 ± 10.92

FXR (ng/mL) 6.22 [0.05–31.74]
*Normal distribution is assumed

Abbreviations: BMI, Body Mass Index; FBG, Fasting Blood Glucose; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; LDL, Low-Density Lipoprotein; TG, 
Triglyceride; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; WBC, White Blood Cell; NLR, Neutrophil Lymphocyte Ratio; RBC, Red Blood Cell; HGB, 
Haemoglobin; HCT, Haematocrit; MCV, Mean Corpuscular Volume; PLT, Platelet; MPV, Mean Platelet Volume; Zn, Serum Zinc; Fe, Serum Iron; Mg, Serum Magnesium; 
TSH, Thyroid-Stimulating Hormone; FXR, Farnesoid X Receptor
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those in obesity class I (p = 0.019) and obesity class II 
(p = 0.032), indicating a stepwise increase in FXR levels 
with increasing adiposity.

Despite these group-based differences, Pearson cor-
relation analysis did not reveal a significant linear asso-
ciation between BMI as a continuous variable and serum 
FXR levels (p = 0.095), suggesting that FXR alterations 
were more apparent across categorical BMI groups rather 
than along the continuous BMI spectrum.

Further analyses showed that serum FXR levels were 
not significantly associated with sex, comorbidities, 
physical activity status, regular sleep patterns, or eat-
ing behavior scores assessed by the TFEQ-R18, either 
in the overall cohort or within individual BMI groups. 

Nevertheless, the relationships between serum FXR lev-
els and the TFEQ-R18 subscale scores are illustrated 
using a scatter plot–based visualization (Fig. 3).

In contrast, FXR levels were positively associated with 
a family history of obesity (p = 0.031) and the use of topi-
cal agents (p = 0.024). Among laboratory parameters, only 
serum zinc levels demonstrated a weak but statistically 
significant positive correlation with FXR concentrations 
(r = 0.292, p = 0.025).

Discussion
The identification of FXR as a critical metabolic regula-
tor has generated considerable interest in its potential 
as a therapeutic target for metabolic disorders, such as 

Table 2  Laboratory parameters across BMI groups with age- and sex-adjusted analyses and effect sizes
BMI Groups p-values Post hoc p Effect 

size
Eta 
Squared

Ad-
just-
ed p

1.Group
(18.5–24.9 kg/m2)

2.Group
(25–29.9 kg/m2)

3.Group
(30–34.9 kg/m2)

4.Group
(35–39.9 kg/m2)

FBG (mg/dL) 88[76–97] 89.5[82–118] 87.5[77–110] 96[79–118] 0.018 1–4 = 0.012 0.023 0.358

HOMA-IR 1.51[0.68–3.10] 2.03[0.96–5.98] 2.75[0.60–10.10] 2.60[1.55–9.93] 0.008 1–3 = 0.017
1–4 = 0.014

0.146 0.018

LDL (mg/dL) 88.95[56.1–133.7] 119.45[57.3–169.4] 114.4[64.9–190.5] 119.55[65.7–151.4] 0.011 1–2 = 0.018
1–3 = 0.028

0.135 0.029

TG (mg/dL) 73.5[38–202] 107.5[49–231] 123[57–455] 121[42–233] 0.013 1–3 ≤ 0.05
1–4 ≤ 0.05

0.132 0.017

WBC(x103/uL) 5.94[4.17–10.77] 6.83[5.35–8.99] 7.03[5–9.49] 7.24[4.7–10.86] 0.015 1–4 = 0.013 0.128 0.020

AST (U/L) 18.5[12–25] 18[12–80] 19[13–31] 16.5[13–41] 0.760 0.708

ALT (U/L) 18[7–39] 17.5[9–47] 24.5[7–48] 21.5[12–47] 0.151 0.042

NLR* 1.63 ± 0.48 2.18 ± 1.09 1.88 ± 0.66 1.79 ± 0.46 0.121 0.134

RBC (×10⁶/µL) 4.73[3.98–5.43] 4.93[3.83-6] 4.85[4.18–5.85] 4.85[4.24–5.69] 0.252 0.143

HGB (g/dL) 13.6[11.9–15.8] 13.95[12.3–16.9] 13.5[9.9–16.4] 14.2[12.6–17.4] 0.320 0.098

HCT (%) 40.7[36.1–46.1] 41.35[36.2–48.9] 40.65[32.5–47.5] 42.05[37.4–51.9] 0.223 0.067

MCV (fL) 87.25[80.7–93.9] 85.4[77.7–94.5] 84.4[73.7–94.3] 87.1[81.3–93.2] 0.137 0.140

PLT (×10³/µL) 231.5[173–324] 263[172–390] 274.5[186–380] 280.5[179–380] 0.082 0.087

MPV (fL) 9.7[8.6–11.9] 10.4[9.2–12.3] 10.2[8.9–11.7] 10.1[9–12.1] 0.307 0.335

Zn (µg/dL) 100[73–113] 102[11–127] 101[90–116] 96[68–112] 0.818 0.670

Fe (µg/dL) 88[22–170] 78[28–121] 66[12–135] 75[37–120] 0.205 0.249

Mg (mg/dL) 1.91[1.69–2.15] 1.91[1.5–2.12] 1.88[1.69–2.12] 1.98[1.72–2.26] 0.311 0.421

Ferritin (µg/L) 23.07[2.14–130.13] 51.07[4.83–205.62] 34.98[3.73–234.26] 27.62[10.92–170.64] 0.341 0.243

Folate (µg/L) 8.75[7.1–12.9] 8.6[4.6–12.6] 10.2[6.6–11.9] 8.35[4.6–13.3] 0.327 0.343

TSH* (mIU/L) 2 ± 1.02 2.36 ± 1.38 2.19 ± 0.95 2.75 ± 1.49 0.457 0.231

Vitamin B12 
(ng/L)

288.5[196–688] 300.5[196–521] 261[173–498] 289[179–489] 0.813 0.759

Vitamin D (ng/
mL)

23.1[7.1–36.44] 22.3[5.1–44.5] 21.97[13.1–42.37] 29.4[7.27–41.48] 0.674 0.871

Age (yr) 26[20–33] 26[20–54] 27[18–47] 34.5[21–55] 0.069

Meal 
frequency*

3.15 ± 0.81 2.9 ± 0.55 2.95 ± 1.05 3.35 ± 1.18 0.473 0.523

FXR 6.73[0.05–30.21] 13.02[3.29–31.74] 4.93[3.39–30] 5.53[2.27–30] 0.014 2–3 = 0.019
2–4 = 0.032

0.160 0.016

For normally distributed variables, the mean and standard deviation were reported; for non-normally distributed variables, the median (min–max) was provided. 
Adjusted p values were adjusted for age and sex and are presented in the final column. *Normal distribution assumption was satisfied

Abbreviations: BMI, Body Mass Index; FBG, Fasting Blood Glucose; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; LDL, Low-Density Lipoprotein; 
TG, Triglycerides; WBC, White Blood Cells; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; NLR, Neutrophil Lymphocyte Ratio; RBC, Red Blood 
Cell; HGB, Haemoglobin; HCT, Haematocrit; MCV, Mean Corpuscular Volume; PLT, Platelet; MPV, Mean Platelet Volume; Zn, Serum Zinc; Fe, Serum Iron; Mg, Serum 
Magnesium; TSH, Thyroid-Stimulating Hormone; FXR, Farnesoid X Receptor
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obesity [17]. In the present study, conducted in a cohort 
of healthy participants without chronic diseases or prior 
interventions, serum FXR levels differed significantly 
across BMI-defined categories. Specifically, individuals 
in the normal-weight group exhibited lower FXR con-
centrations compared with participants in higher BMI 
categories, suggesting that alterations in FXR levels are 
more apparent when adiposity is considered categori-
cally rather than as a continuous measure. Consistent 
with this interpretation, no significant linear association 
was observed between BMI as a continuous variable and 
serum FXR levels, indicating that FXR regulation may 
reflect group-specific metabolic differences associated 
with increasing adiposity rather than a gradual, linear 
relationship with body weight. This distinction between 
categorical and continuous BMI analyses highlights the 

need to consider potential adiposity-related thresholds 
when interpreting FXR regulation.

Hepatic FXR expression is regulated by glucose and 
insulin metabolism [29] and is also present in pancreatic 
β-cells, where it suppresses postprandial glucose levels by 
inhibiting glycolysis [30]. In FXR-deficient mice, Ma et al. 
reported increased glycolytic and lipogenic gene expres-
sion, reduced gluconeogenesis, and the development of 
glucose intolerance and insulin resistance [31]. In our 
study, higher BMI was associated with progressively ele-
vated blood glucose and HOMA-IR levels. These findings 
implicate reduced serum FXR levels in impaired glucose 
regulation and insulin resistance among individuals with 
higher BMI.

The relationship between zinc and insulin is complex, 
affecting both glucose homeostasis and insulin resis-
tance. Although zinc supplementation has been proposed 

Table 3  Mean scores of the TFEQ-R18 between groups
1. Group 2. Group 3. Group 4. Group p Post hoc significant p values

BMI (18.5–24.9 kg/m2) (25–29.9 kg/m2) (30–34.9 kg/m2) (35–39.9 kg/m2)

CR 44.4[16.67–77.78] 47.2[11.11–77.78] 44.4[27.78–77.8] 50[22.22–61.11] 0.615

UE 44.4[25.96–55.55] 48.14[14.81–74.07] 44.4[18.51–85.18] 57.4[29.63–74.04] 0.119

EE 22.2[0–88.8] 61.1[0–100] 50[0–100] 61.1[0–100] 0.042

1–4 = 0.046
*BMI, Body Mass Index; CR, Cognitive Restraint; UE, Uncontrolled Eating; EE, Emotional Eating

Fig. 2  Error bar plots of eating behavior scores (CR, UE, and EE) by BMI group. Error bar plots present mean values with standard deviation for the Three-
Factor Eating Questionnaire–Revised 18 (TFEQ-R18) subscales: cognitive restraint (CR), uncontrolled eating (UE), and emotional eating (EE) across body 
mass index (BMI) groups. BMI groups were defined as normal weight (18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), obesity class I (30.0–34.9 kg/m²), 
and obesity class II (35.0–39.9 kg/m²)
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to improve glycemic control, evidence remains incon-
sistent and context-dependent [32]. In this study, serum 
FXR levels correlated weakly but significantly with blood 
zinc levels, suggesting that higher zinc may be associated 
with higher FXR. The mechanisms linking zinc, FXR, and 
insulin resistance remain unclear and highlight the need 
for further research.

The FXR-deficient mice model exhibits dyslipidemia, 
characterized by elevated serum glucose, impaired glu-
cose and insulin tolerance, and increased LDL, TG, and 
HDL levels [21]. Consistent with these findings, our study 
demonstrated that individuals classified as first- and sec-
ond-degree obese, who exhibited lower mean FXR lev-
els, also presented with generally elevated mean levels of 
FBG, HOMA-IR, LDL, TG, and WBC levels compared 
to those with normal or lower body weight. These results 
suggest an association between serum FXR levels and 
obesity-related metabolic parameters, but they do not 
allow for firm conclusions regarding FXR expression or 
causality in metabolic dysregulation.

In the present study, no statistically significant sex-
related differences were observed in serum FXR levels 
or associated metabolic parameters. This may be partly 
attributable to the limited sample size and cross-sectional 
design, which may have reduced the ability to detect 

subtle sex-specific effects. In addition, FXR regulation is 
influenced by metabolic status, bile acid signaling, and 
tissue-specific expression [33, 34], which may outweigh 
sex-related influences in clinically healthy populations. 
Accordingly, these findings should be interpreted with 
caution and do not exclude sex-specific FXR regulation 
under different physiological or pathological conditions.

Secondary bile acids synthesized by gut bacteria main-
tain intestinal barrier function through FXR signaling, 
underscoring the pivotal role of FXR in shaping the gut 
microbiota and maintaining intestinal homeostasis [35]. 
The relationship between serum FXR levels and BMI 
observed in our study contrasts with the association 
between intestinal FXR expression and BMI reported 
in previous literature. Previous studies have shown that 
obese individuals exhibit elevated intestinal FXR expres-
sion and heightened FXR signaling compared to lean 
controls [36, 37]. Although a causal relationship remains 
unclear, current evidence suggests tissue-specific regula-
tion of FXR in obesity, characterized by reduced serum 
FXR and increased intestinal FXR activity. This highlights 
the complex, organ-specific roles of FXR in metabolic 
regulation across the liver, intestine, adipose tissue, and 
kidney. Hence, therapeutic strategies should focus on tis-
sue-selective FXR modulation. Additionally, alterations 

Fig. 3  Pairwise scatter plots illustrating the relationships between serum FXR levels and TFEQ-R18 subscale scores. The figure presents pairwise scatter 
plots showing the relationships between serum Farnesoid X receptor (FXR) levels and the Three-Factor Eating Questionnaire–Revised 18 (TFEQ-R18) 
subscale scores, including cognitive restraint score (CRS), uncontrolled eating score (UES), and emotional eating score (EES). Each point represents an 
individual participant, and colors indicate BMI-based study groups: normal weight (Group 1), overweight (Group 2), obesity class I (Group 3), and obesity 
class II (Group 4)
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in gut microbiota are well-documented in obesity, and 
studies have shown that microbiota-targeted interven-
tions can suppress intestinal FXR signaling, thereby 
improving metabolic parameters [14, 17, 38]. In our 
study, serum FXR levels positively correlated with both 
a family history of obesity and the use of topical agents, 
partially supporting the influence of genetic and pharma-
cological factors on FXR regulation. Nonetheless, further 
research is needed to clarify the impact of microbiota-
directed therapies on serum FXR in metabolic disorders.

As the participants’ BMI levels increased, the EE score 
averages from TFEQ-18 increased significantly and the 
degree of relationship was weak. This finding is similar 
to that of Keskitalo et al., who reported a stronger cor-
relation between EES and BMI in overweight individuals 
compared to those with normal weight [39]. In addition, 
when the differences were examined in detail, it was 
found that the EE average of the normal weight group 
with high FXR was significantly lower than the average 
of the second degree obese group with high FXR. This 
observation suggests that emotional eating tendencies 
may increase with rising BMI, particularly in individuals 
with elevated FXR levels. Future studies should further 
investigate whether FXR-targeted interventions might 
also influence appetite regulation and emotional eating, 
particularly in populations with obesity.

This study has several limitations. Its cross-sectional 
design prevents causal inference between serum FXR 
levels and BMI, making it difficult to determine whether 
FXR activation constitutes a cause or a consequence of 
obesity. Although sample size was determined by power 
analysis, subgroup numbers may have limited the detec-
tion of subtle associations. Additionally, reliance on 
self-reported data for lifestyle and eating behaviors may 
introduce bias. Furthermore, the absence of direct bile 
acid measurements and comprehensive dietary assess-
ments may have limited a more detailed interpretation of 
the FXR–obesity relationship. Future research employ-
ing longitudinal designs and incorporating tissue-specific 
and microbiome analyses may help to further elucidate 
FXR-related metabolic pathways.

Conclusion
In this prospective cross-sectional study, serum FXR lev-
els were examined in normal-weight, overweight, and 
obese individuals, with statistically significant differences 
observed among the groups. These findings suggest that 
serum FXR may serve as a potential regulatory target for 
metabolic disorders associated with obesity. However, to 
confirm FXR as a definitive biomarker and therapeutic 
target in metabolic disease management, large-scale lon-
gitudinal studies and clinical trials are warranted. Addi-
tionally, if serum FXR is to be considered for therapeutic 

use, its long-term safety and efficacy must be thoroughly 
evaluated to ensure clinical applicability.
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