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Abstract
Background  Gallstones are a common digestive disorder that threatens human health. Iron deficiency may be 
related to the formation of gallstones, but there is limited current epidemiological research. The objective of this study 
was to investigate the relationship between iron status and gallstones.

Methods  The datasets from the National Health and Nutrition Examination Survey (NHANES) 2017–2020 were 
used in a cross-sectional investigation. Gallstones were determined by using the 2007–2010 NHANES questionnaire. 
Multivariate linear regression models were used to examine the association between serum iron, serum ferritin and 
iron intake with the risk for gallstones. Subgroup analysis based on gender, age, race, and diabetes were performed. 
Fitted smoothing curves were used to describe the linear relationship.

Results  The research involved 7847 participants aged 20 and above, among whom 845 were identified as having 
gallstones. Participants with higher serum iron levels tended to have a lower gallstones prevalence. A negative 
relationship between serum iron and gallstones prevalence was observed (OR = 0.979, 95% CI:0.965–0.992). The group 
with the highest serum iron tertile had a 23.7% lower risk of gallstones compared to the lowest tertile (OR = 0.763, 95% 
CI:0.628‒0.929). Gallstone prevalence was inversely correlated with iron intake in model 1. The negative association 
between serum iron and gallstones remained stable in stratifications, including gender, age, race, and diabetes.

Conclusions  Elevated serum iron was associated with a decreased prevalence of gallstones. However, to confirm the 
impact of long-term iron metabolism on gallstone formation, additional prospective research is necessary.
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Introduction
Gallstones are considered one of the most common 
digestive system disorders [1]. Approximately 25% of 
gallstone patients develop biliary colic or more severe 
complications [2], contributing to a growing economic 
burden year by year [3]. Large-scale epidemiologi-
cal studies have been conducted, revealing that around 
10–14% of adults in the U.S. suffer from gallstones [4, 
5]. Gallstones are solid particles formed in the gallblad-
der, primarily composed of cholesterol, bilirubin, cal-
cium carbonate, calcium phosphate, and trace elements 
[6, 7]. The onset of gallstones is associated with various 
factors, with several risk factors including aging, female 
gender, diabetes, rapid weight loss, metabolic syndrome, 
and gallbladder stasis [8–10]. The etiology of gallstone 
formation remains incompletely elucidated, possibly aris-
ing from the intricate interplay of various factors, includ-
ing genetics, environmental influences, and lifestyle [11]. 
Surgical removal of gallbladder is currently the only solu-
tion for gallstones disease. Given the large population 
affected by gallbladder stones, finding efficient non-sur-
gical treatment methods makes sense.

Iron, a trace element in the human body, is recognized 
as a crucial nutrient for maintaining human health. It 
serves as an indispensable cofactor in multiple critical 
cellular processes, including cellular respiration, immune 
response, lipid metabolism, gene regulation, and DNA 
synthesis [12, 13]. Excess of iron may induce certain dis-
eases, such as cognitive impairments, atherosclerosis, 
and diabetes [14–16]. The binding of metal ions with bile 
salts and bilirubin plays a crucial role in the formation 
of gallstones. Fe3+ as one of the paramagnetic centers in 
pigment gallstones influences the formation of bilirubin 
coordination polymers [17]. The main sources of iron 
in the body are the recycling of damaged erythrocytes 
and dietary iron [18]. From a pathophysiological point 
of view, both iron deficiency and excess have significant 
consequences [19, 20]. Heme iron from red meat has 
high bioavailability and is an important source of dietary 
iron; however, this high-iron diet tends to increase the 
risk of gallstones in men [21]. Iron affects the homeo-
stasis of bile flow and bile components by altering the 
activity of hepatic enzymes that regulate cholesterol and 
bile salt levels [22]. It is clear that decreased iron levels 
in the liver are linked to chronic liver diseases connected 
to cholestasis [23, 24]. The previous research focused on 
the incidence of gallstones in individuals suffering from 
iron-deficiency anemia [25]. However, few studies inves-
tigated the relationship of iron with gallstones in adults. 
The objective of this study was to investigate the correla-
tions of serum iron, serum ferritin, and iron intake with 
gallstones in a sample representative of the entire nation. 
The dataset was sourced from the National Health and 
Nutrition Examination Survey (NHANES).

Methods
Survey description
The data in the study were all sourced from NHANES. 
The sample for the survey is selected to represent the U.S. 
population of all ages. Annually, 5000 participants dis-
tributed across various states nationwide were selected 
for health surveys. These individuals are spread across 
various states nationwide, with 15 states being visited 
each year. Due to the COVID-19 pandemic, the survey 
was temporarily suspended in early 2020. This survey 
includes health interviews and measurements at health 
screening centers, ensuring that health-related aspects 
are assessed. The survey is conducted annually as part of 
routine procedures, and the data obtained are continuous 
over time. We included data from 2017 to 2020 because it 
was during this period that the survey on gallstones was 
conducted. All NHANES study protocols were approved 
by the Ethics Review Board. All survey participants in 
this study were over 20 years old and had signed written 
informed consent.

Study population
We collected data from 2017 to 2020 and included par-
ticipants who answered whether they had gallstones. 
The analysis comprised 15,560 people in total, of whom 
information regarding gallstones (n = 9210) was available. 
Those participants with missing serum iron, serum ferri-
tin and iron intake data were excluded (n = 1326). Missing 
data for covariates were also excluded (total, n = 37; dia-
betes, n = 4; hypertension, n = 12; education level, n = 11; 
marital status, n = 5; smoking status, n = 5). The study 
eventually included 7847 participants. (Fig. 1).

Measurement of serum iron, serum ferritin and iron intake
In this study, serum iron, serum ferritin and iron intake 
were analyzed as continuous variables. Participants ulti-
mately included in the study were invited to the Mobile 
Examination Center (MEC) for measurements. Blood 
specimen collection was performed by professional 
medical personnel and stored in an environment at 
-30  °C. Subsequently, all samples were tested for serum 
iron (µmol/L) concentration using the Roche method. 
The concentration of ferritin(µg/L) was measured by the 
Roche/Hitachi immunoturbidity assay. Detailed informa-
tion on specimen processing methods is presented in the 
NHANES 2017–2020 Laboratory Procedures Manuals 
(LPMs). A comprehensive description of the entire oper-
ational process is accessible at https://wwwn.cdc.gov/
Nchs/Nhanes/2017-2018/P_FETIB.htm. Dietary iron 
intake data were obtained from questionnaires. Partici-
pants had two 24-hour dietary records: The initial dietary 
recall interview was conducted in the MEC, followed 
by a second interview conducted via telephone 3 to 10 

https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_FETIB.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_FETIB.htm
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days later. We calculated the average of the two 24-hour 
records as the inclusion data to reduce bias.

Outcome definitions
The presence of gallstones was defined as the outcome 
variable. Participants underwent a questionnaire sur-
vey to determine their gallstones status. The question-
naire survey was performed by trained interviewers 
using a computer-assisted interviewing system. Based on 
their prior visits to a physician or other healthcare pro-
vider, participants answered the question about whether 
they had gallstones. Those who refused to answer or 

responded with “uncertain” were also considered as hav-
ing missing data.

Covariates
In this study, the authors included several potential con-
founders as covariates, including gender, age, race, educa-
tion level, marital status, income-to-poverty ratio (PIR), 
body mass index (BMI), alcohol consumption, hyper-
tension, diabetes, smoking status, and dietary intake 
information. Race was classified as Mexican-American, 
non-Hispanic white, non-Hispanic black, and other 
races. The history of diabetes or hypertension was ascer-
tained through a questionnaire survey. The marital status 

Fig. 1  Flowchart of the sample selection from NHANES 2017–2020
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category comprised cohabitation and solitude. Partici-
pants who consumed alcohol at least once monthly were 
categorized as drinkers, whereas a person was consid-
ered a smoker if they had ever smoked 100 cigarettes or 
more. BMI data were collected as a continuous variable 
and later transformed into a categorical variable with 
three groups. Dietary data were taken from a 24-hour 
dietary questionnaire and comprised energy (kcal), sugar 
(g), fat (g), carbohydrate (g), protein (g), and water (g). 
We computed the mean nutrient intake specific to each 
participant for both the first and second 24-hour periods. 
Dietary data were converted into categorical variables, 
using the 50th percentile of the sample size as the cut-off 
point to classify them into “low” and “high” groups. Miss-
ing data in the covariates were labeled as “unclear”.

The specific measurements of these variables are pub-
licly available at NHANES.

Statistical analysis
Statistical analysis was performed using EmpowerStats 
4.0. Continuous variables are presented as mean with 
standard deviation (SD), while categorical variables are 
represented as proportions. Considering several poten-
tial confounders, multiple logistic regression models 
were used to study the relationship between serum iron, 
serum ferritin and iron intake with the risk for gallstones. 
Serum iron levels were converted from a continuous vari-
able to a categorical variable (tertile), and a trend test was 
used to examine the linear association trend. Three mod-
els were used to construct the multivariate test: Model 1 
did not include any variables; Model 2 included adjust-
ments for gender, age, race, marital status, PIR, and edu-
cational attainment; and Model 3 included adjustments 
for all covariates. Fitted smoothing curves were per-
formed to examine linear relationship. Subgroup analysis 
was utilized to test the association between serum iron 
and gallstones in patients with different gender, age, race, 
and diabetes status. P < 0.05 was considered statistically 
significant.

Results
Baseline characteristics of participants
The study included a total of 7,847 participants. Table 1 
shown the baseline characteristics of the participants. 
845 participants in the study reported with gallstones. 
Serum iron level was 13.98 (8.29, 19.67) in the group of 
participants with gallstones, compared to 15.44 (8.96, 
21.92) in the group without gallstones (P < 0.001). Dietary 
iron intake was significantly lower in patients with gall-
stones than in controls (P = 0.002). The level of serum 
ferritin is not significantly associated with the presence 
of gallstones (P = 0.386). In addition, between the two 
groups of individuals with and without gallstones, there 
were no significant differences in PIR, education level, 

marital status, carbohydrate intake and sugar intake 
(P > 0.05).

Associations of serum iron, serum ferritin and iron intake 
with gallstones prevalence
Table 2 shows the association of serum iron, serum fer-
ritin and iron intake with gallstones prevalence. Iron 
intake was negatively associated with the presence of 
gallstones in Model 1. A higher serum iron level was 
associated with decreased prevalence of gallstones in 
Model 1 (OR = 0.961, 95% CI:0.949–0.973). Similarly, 
a consistent relationship between serum iron and gall-
stones remained in the fully adjusted model (OR = 0.979, 
95% CI:0.965–0.992). In model 3 that considered mul-
tiple confounders, an increase of one unit in serum iron 
corresponded to a 2.1% decrease in the likelihood of gall-
stones. After adjusting for covariates, neither dietary iron 
intake nor serum ferritin showed a significant association 
with the prevalence of gallstones (all P > 0.05). Addition-
ally, we found a tendency indicating that groups with 
higher serum iron levels had a lower risk of gallstones 
as we transformed serum iron to a trichotomies variable 
for sensitivity analysis (OR = 0.763, 95% CI:0.628‒0.929). 
Overall, a significant linear association between serum 
iron and prevalence of gallstones was presented in the 
smoothing curve (Fig. 2).

Subgroup analysis
To determine potential influencing factors between 
serum iron and gallstones, we conducted subgroup analy-
ses, with groups categorized by gender, race, and diabetes 
status. Table  3 presents the results of subgroup studies 
conducted to evaluate the impact of serum iron status 
on gallstones in various groups. A significant relation-
ship between serum iron and the risk of gallstones was 
detected in females, Non-Hispanic White, and non-dia-
betes participants (OR = 0.983, 0.978 and 0.975, respec-
tively). This negative relationship between serum iron 
and gallstones was stronger in the non-diabetes partici-
pants. Furthermore, we showed that stratifications such 
as gender, age, race, and diabetes did not significantly 
alter the negative correlation between serum iron and the 
likelihood of gallstones (P for interaction > 0.05).

Discussion
In the cross-sectional study involving 7847 participants, 
we observed a negative correlation between serum iron 
levels and the incidence of gallstones (OR = 0.979, 95% 
CI:0.965–0.992, in Model 3). While iron intake was 
potentially negatively associated with the prevalence of 
gallstones, the stability of this correlation was affected 
when considering the effects of covariates. Across the 
board, we found a linear relationship between serum 
iron and gallstones, as indicated by the fitted smoothing 



Page 5 of 10Wen et al. BMC Nutrition          (2024) 10:136 

Characteristic Non-stone formers
(n = 7002)

Stone formers
(n = 845)

P-value

Age (years) 50.03 ± 17.44 58.46 ± 15.8 < 0.001
Gender (%) < 0.001
  Male 50.76 28.52
  Female 49.24 71.48
Race (%) < 0.001
  Mexican American 11.94 13.49
  Other Race 27.58 24.38
  Non-Hispanic White 34.27 42.84
  Non- Hispanic Black 26.21 19.29
Education lever (%) 0.781
  Less than high school 18.72 18.46
  High school 23.99 25.09
  More than high school 57.29 56.45
Marital status (%) 0.508
  Cohabitation 42.02 40.83
  Solitude 57.98 59.17
PIR 2.61 ± 1.52 2.56 ± 1.47 0.347
BMI (kg/m2) 29.67 ± 7.2 33.34 ± 8.57 < 0.001
Alcohol consumption (%) < 0.001
  Yes 40.79 51.6
  No 45.17 32.78
  Unclear 14.04 15.62
Smoked (%) 0.014
  Yes 58.6 54.2
  No 41.4 45.8
Diabetic (%) < 0.001
  Yes 82.92 71
  No 17.08 29
Hypertension (%) < 0.001
  Yes 63.51 45.09
  No 36.49 54.91
Total Energy (%) < 0.001
  Lower (< 2019.5 kcal) 38.49 46.15
  Higher (≥ 2019.5 kcal) 39.93 34.32
  Unclear 21.58 19.53
Total Sugar (%) 0.296
  Lower (< 93.5 g) 39.33 39.17
  Higher (≥ 93.5 g) 39.09 41.3
  Unclear 21.58 19.53
Total Fat (%) 0.018
  Lower (< 77 g) 38.77 43.79
  Higher (≥ 77 g) 39.65 36.68
  Unclear 21.58 19.53
Total Water (%) 0.010
  Lower (< 2527.8 g) 38.73 44.14
  Higher (≥ 2527.8 g) 39.69 36.33
  Unclear 21.58 19.53
Total Protein (%) < 0.001
  Lower (< 72.48 g) 38.35 47.34
  Higher (≥ 72.48 g) 40.07 33.13
  Unclear 21.58 19.53
Total Carbohydrate (%) 0.065

Table 1  Baseline characteristics of participants
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therapeutic interventions targeting iron metabolism for 
the prevention and management of gallstone disease.

It is noteworthy that in current research, we observed 
a significant difference in the relationship of serum iron 
with gallstones between genders. There is a negative 
correlation between serum iron and gallstones among 
females, but not among males. In a previous study, it was 
observed that female patients with cholesterol gallstones 
revealed lower serum iron levels compared to the con-
trol group, while male patients exhibited no significant 
difference [37]. Results from previous studies indicate a 
higher incidence of gallstones in females [4, 38], which is 
consistent with the demographic characteristics we have 

demonstrated. In general, this is attributed to differences 
in sex hormone levels. Estrogen promotes the excretion 
of cholesterol in bile by upregulating the expression of 
the 3-hydroxy-3-methylglutaryl (HMG)-CoA gene, thus 
promoting the formation of cholesterol crystals [39, 
40]. Premenopausal women are more likely to experi-
ence iron-deficiency anemia compared to males [41, 42]. 
Given this susceptibility, the effects of iron deficiency on 
gallstone formation can be more noticeable in females. 
The mechanisms underlying gender differences merit 
further investigation.

Dietary factors are one of the contributing mechanisms 
to the pathogenesis of gallstone disease. Excessive intake 

Fig. 2  Density dose-response relationship between serum iron with gallstone prevalence. 95% confidence interval (Cl) is displayed for the region be-
tween the upper and lower dashed lines. All covariates were adjusted
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of certain essential nutrients, including energy, fructose, 
and saturated fat, has been proposed to promote the 
development of gallstones [43]. In contrast, a high intake 
of monounsaturated fats and fiber, along with the con-
sumption of plant-based proteins, and vitamin C supple-
mentation, has been shown to offer protective benefits 
[44]. Although there is limited research on the impact 
of trace elements on gallstones, it holds significant clini-
cal relevance. A large-scale cohort study indicated that 
magnesium intake has an independent protective effect 
against gallstone disease [45]. A previous study indicated 
that dietary iron supplementation may potentially pre-
vent the formation of gallstones [46]. However, results 
from a cohort study involving 44,758 American males 
showed an association between higher heme iron intake 
and an elevated risk of gallstones [21]. A typical west-
ernized diet, characterized by high calorie and red meat 
consumption, is often accompanied by higher levels of 
saturated fat and cholesterol intake, which may increase 
the risk of gallstones [47]. On the other hand, the iron 
content of non-heme iron foods should not be underesti-
mated. Spinach and legumes are rich in iron and also pro-
vide dietary fiber, while nuts supply non-heme iron along 
with monounsaturated fat. Regrettably, our study did not 
differentiate between sources of dietary iron, which may 
have affected the results. Certain foods, such as red meat, 
are rich in both iron and saturated fats, making it diffi-
cult to exclude the influence of fat intake on the findings. 
In our present study, those with gallstones consumed 
substantially less dietary iron than the control group 
(P = 0.002); however, this association became unstable 
when accounting for confounding factors. Therefore, diet 
could potentially play a role in the primary prevention of 
gallstones.

The intestinal iron concentration, altered by dietary 
iron intake, may impact the availability of bacterial iron, 
subsequently influencing the growth of symbiotic and 
pathogenic microorganisms [48]. Alteration of indig-
enous gut microbiota is a risk factor for gallstone forma-
tion [49]. Compared to healthy individuals, patients with 
gallstones show significant changes in the composition 
of their gut microbiota, characterized by an overgrowth 
of the phylum Proteobacteria [50]. Given the biologi-
cal mechanisms connecting iron to gallstone formation, 
there is growing interest in exploring the potential of iron 
supplementation as a preventive strategy for gallstones. 
Recent research supports this idea. A study conducted 
in a lithogenic diet-induced rat model of cholelithiasis 
indicated that the supernatant of nanoiron sulfide exhib-
ited excellent antibacterial activity and had the effect of 
increasing cholesterol solubility in the gallbladder [51]. 
This suggests that iron-based interventions could poten-
tially offer a novel approach to gallstone prevention, 
highlighting the need for further investigation into the 
mechanisms by which iron affects gallstone formation 
and the role of gut microbiota in this process.

In terms of lowering the prevalence of gallbladder 
stones, the study is instructive due to the sample size 
included in the study. It is more cost-effective to man-
age the condition early with dietary modifications. This 
study encompassed a multiracial and diverse dietary 
population of adults in the United States, and the results 
of analysis are nationally representative. In addition, the 
sample size was sufficient for us to compare population 
differences in subgroup analysis. However, some limita-
tions in this study cannot be ignored. Firstly, causality 
could not be established because the study was a cross-
sectional analysis. Additionally, the nutritional composi-
tion of common foods is intricate, making it challenging 

Table 3  Subgroup analysis between serum iron with gallstone prevalence
Characteristic Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI) P for interaction
Stratified by gender 0.7398
Male 0.966 (0.944–0.988) 0.968 (0.946–0.990) 0.978 (0.956–1.001)
Female 0.980 (0.966–0.995) 0.969 (0.954–0.985) 0.983 (0.967–0.999)
Stratified by age (years) 0.8433
< 40 0.946 (0.919–0.975) 0.962 (0.934–0.990) 0.976 (0.947–1.005)
≥ 40, < 60 0.961 (0.940–0.982) 0.974 (0.953–0.995) 0.986 (0.965–1.008)
≥ 60 0.961 (0.943–0.980) 0.967 (0.948–0.986) 0.981 (0.961–1.001)
Stratified by race 0.6822
Mexican American 0.942 (0.912–0.973) 0.959 (0.928–0.991) 0.968 (0.935–1.001)
Other Race 0.966 (0.943–0.990) 0.977 (0.953–1.001) 0.988 (0.964–1.013)
Non-Hispanic White 0.953 (0.934–0.972) 0.964 (0.944–0.984) 0.978 (0.957–0.999)
Non- Hispanic Black 0.964 (0.935–0.992) 0.976 (0.947–1.007) 0.992 (0.962–1.022)
Stratified by diabetes 0.1122
Yes 0.981 (0.957–1.006) 0.991 (0.966–1.016) 0.980 (0.967–1.025)
No 0.959 (0.946–0.973) 0.966 (0.952–0.981) 0.975 (0.960–0.991)
Gender, age, race, education level, marital status, income-to-poverty ratio, body mass index, alcohol consumption, hypertension, diabetes, smoking status, energy 
intake, fat intake, sugar intake, carbohydrate intake, protein intake, and water intake were adjusted
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to completely exclude the potential interference of vari-
ous nutrients on the results, therefore the conclusion 
should be interpreted cautiously. Thirdly, single measure-
ments of serum iron and iron intake do not reflect long-
term iron metabolism.

Conclusion
The present study revealed that elevated serum iron was 
associated with a decreased prevalence of gallstones. We 
realized that iron deficiency may affect liver cholesterol 
metabolism, contributing to the formation of gallstones. 
Furthermore, we found a negative association between 
dietary iron and gallstone prevalence, but this result is 
influenced by confounding factors and needs to be con-
firmed by further research. However, to confirm the 
impact of long-term iron metabolism on gallstone forma-
tion, additional prospective research is necessary.

Acknowledgements
The authors express their gratitude to the staff and participants of the 
NHANES study.

Author contributions
SW and ZY designed the research. SW and XT collected, analyzed the data, 
and drafted the manuscript. SW and TT revised the manuscript. All authors 
contributed to the article and approved the submitted version.

Funding
This work was supported by the Science and Technology Guidance Project of 
Yongzhou, China (2022-YZKJZD-023).

Data availability
All data in this study is available from NHANES database (www.cdc.gov/nchs/
nhanes).

Declarations

Ethics approval and consent to participate
The studies involving human participants were reviewed and approved by 
the National Center for Health Statistics Institutional Research Ethics Review 
Board. The patients/participants provided their written informed consent 
to participate in this study. All our methods followed the guidelines of the 
Helsinki Declaration. And secondary analysis does not require additional 
institutional review committee approval.

Competing interests
The authors declare no competing interests.

Received: 4 July 2024 / Accepted: 10 October 2024

References
1.	 Farthing M, Roberts SE, Samuel DG, Williams JG, Thorne K, Morrison-Rees S, 

John A, Akbari A, Williams JC. Survey of digestive health across Europe: final 
report. Part 1: the burden of gastrointestinal diseases and the organisation 
and delivery of gastroenterology services across Europe. United Eur Gas-
troent. 2014;2(6):539–43.

2.	 Yoo EH, Lee SY. The prevalence and risk factors for gallstone disease. Clin 
Chem Lab Med. 2009;47(7):795–807.

3.	 Everhart JE, Ruhl CE. Burden of digestive diseases in the United States Part III: 
liver, biliary tract, and pancreas. Gastroenterology. 2009;136(4):1134–44.

4.	 Unalp-Arida A, Ruhl CE. Increasing gallstone disease prevalence and associa-
tions with gallbladder and biliary tract mortality in the US. Hepatology. 
2023;77(6):1882–95.

5.	 Völzke H, Baumeister SE, Alte D, Hoffmann W, Schwahn C, Simon P, John U, 
Lerch MM. Independent risk factors for gallstone formation in a region with 
high cholelithiasis prevalence. Digestion. 2005;71(2):97–105.

6.	 Manzoor M, Sudhakar AS, Kadar SA, Moosabba MS, Rekha PD. Microstructural 
diversity of gallstones revealed by spectral microanalyses and their associa-
tion with hepatic parameters. Indian J Gastroenter. 2019;38(5):391–8.

7.	 Parviainen A, Roman-Alpiste MJ, Marchesi C, Suárez-Grau JM, Pérez-López R. 
New insights into the metal partitioning in different microphases of human 
gallstones. J Trace Elem Med Bio. 2017;44:339–48.

8.	 Stinton LM, Myers RP, Shaffer EA. Epidemiology of gallstones. Gastroenterol 
Clin N. 2010;39(2):157–69.

9.	 Shabanzadeh DM. Incidence of gallstone disease and complications. Curr 
Opin Gastroen. 2018;34(2):81–9.

10.	 Portincasa P, Di Ciaula A, de Bari O, Garruti G, Palmieri VO, Wang DQ. Manage-
ment of gallstones and its related complications. Expert Rev Gastroent. 
2016;10(1):93–112.

11.	 Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez-Sánchez N, Portincasa P, 
van Erpecum KJ, van Laarhoven CJ, Wang DQ, Gallstones. Nat Rev Dis Primers. 
2016;2:16024.

12.	 Cairo G, Bernuzzi F, Recalcati S. A precious metal: Iron, an essential nutrient for 
all cells. Genes Nutr. 2006;1(1):25–39.

13.	 Ni S, Yuan Y, Kuang Y, Li X. Iron Metabolism and Immune Regulation. Front 
Immunol. 2022;13:816282.

14.	 Naito Y, Masuyama T, Ishihara M. Iron and cardiovascular diseases. J Cardiol. 
2021;77(2):160–5.

15.	 Harrison AV, Lorenzo FR, Mcclain DA. Iron and the pathophysiology of diabe-
tes. Annu Rev Physiol. 2023;85:339–62.

16.	 Wu J, Yang JJ, Cao Y, Li H, Zhao H, Yang S, Li K. Iron overload contributes to 
general anaesthesia-induced neurotoxicity and cognitive deficits. J Neuroin-
flamm. 2020;17(1):110.

17.	 Cavalu S, Popa A, Bratu I, Borodi G, Maghiar A. New evidences of Key factors 
involved in Silent stones Etiopathogenesis and Trace Elements: micro-
scopic, spectroscopic, and biochemical Approach. Biol Trace Elem Res. 
2015;168(2):311–20.

18.	 Ganz T. Macrophages and systemic iron homeostasis. J Innate Immun. 
2012;4(5–6):446–53.

19.	 Perng V, Li C, Klocke CR, Navazesh SE, Pinneles DK, Lein PJ, Ji P. Iron Deficiency 
and Iron excess differently affect Dendritic Architecture of pyramidal neurons 
in the Hippocampus of piglets. J Nutr. 2021;151(1):235–44.

20.	 Zhang H, Zhabyeyev P, Wang S, Oudit GY. Role of iron metabolism in 
heart failure: from iron deficiency to iron overload. Bba-Mol Basis Dis. 
2019;1865(7):1925–37.

21.	 Tsai CJ, Leitzmann MF, Willett WC, Giovannucci EL. Heme and non-heme 
iron consumption and risk of gallstone disease in men. Am J Clin Nutr. 
2007;85(2):518–22.

22.	 Prasnicka A, Cermanova J, Hroch M, Dolezelova E, Rozkydalova L, Smutny 
T, Carazo A, Chladek J, Lenicek M, Nachtigal P, et al. Iron depletion induces 
hepatic secretion of biliary lipids and glutathione in rats. Bba-Mol Cell Biol L. 
2017;1862(12):1469–80.

23.	 Huang YH, Yu-Hsieh H, Huang CC, Shin-Mu VT, Tai MH, Chen CL, Chuang JH. 
Liver hepcidin and stainable iron expression in biliary atresia. Pediatr Res. 
2006;59(5):662–6.

24.	 Kolouchova G, Brcakova E, Hirsova P, Cermanova J, Fuksa L, Mokry J, 
Nachtigal P, Lastuvkova H, Micuda S. Modification of hepatic iron metabo-
lism induced by pravastatin during obstructive cholestasis in rats. Life Sci. 
2011;89(19–20):717–24.

25.	 Pamuk GE, Umit H, Harmandar F, Yeşil N. Patients with iron deficiency anemia 
have an increased prevalence of gallstones. Ann Hematol. 2009;88(1):17–20.

26.	 Johnston SM, Murray KP, Martin SA, Fox-Talbot K, Lipsett PA, Lillemoe KD, 
Pitt HA. Iron deficiency enhances cholesterol gallstone formation. Surgery. 
1997;122(2):354–61.

27.	 Goldblatt MI, Swartz-Basile DA, Choi SH, Rafiee P, Nakeeb A, Sarna SK, Pitt HA. 
Iron deficiency transiently suppresses biliary neuronal nitric oxide synthase. J 
Surg Res. 2001;98(2):123–8.

28.	 Prasad PC, Gupta S, Kaushik N. To study serum iron levels in patients of gall 
bladder stone disease and to compare with healthy individuals. Indian J Surg. 
2015;77(1):19–22.

29.	 Berman MD, Carey MC. Metastable and equilibrium phase diagrams of 
unconjugated bilirubin IXα as functions of pH in model bile systems: 



Page 10 of 10Wen et al. BMC Nutrition          (2024) 10:136 

implications for pigment gallstone formation. Am J Physiol-Gastr L. 
2015;308(1):G42–55.

30.	 Kawata S, Imai Y, Inada M, Inui Y, Kakimoto H, Fukuda K, Maeda Y, Tarui S. 
Modulation of cholesterol 7 alpha-hydroxylase activity by nonspecific lipid 
transfer protein in human liver–possibly altered regulation of its cytosolic 
level in patients with gallstones. Clin Chim Acta. 1991;197(3):201–8.

31.	 Portincasa P, Di Ciaula A, Wang HH, Palasciano G, van Erpecum KJ, Moschetta 
A, Wang DQ. Coordinate regulation of gallbladder motor function in the gut-
liver axis. Hepatology. 2008;47(6):2112–26.

32.	 Swartz-Basile DA, Goldblatt MI, Blaser C, Decker PA, Ahrendt SA, Sarna SK, Pitt 
HA. Iron deficiency diminishes gallbladder neuronal nitric oxide synthase. J 
Surg Res. 2000;90(1):26–31.

33.	 Portincasa P, Di Ciaula A, Vanberge-Henegouwen GP. Smooth muscle 
function and dysfunction in gallbladder disease. Curr Gastroenterol Rep. 
2004;6(2):151–62.

34.	 Colecchia A, Sandri L, Bacchi-Reggiani ML, Portincasa P, Palasciano G, Maz-
zella G, Roda E, Festi D. Is it possible to predict the clinical course of gallstone 
disease? Usefulness of gallbladder motility evaluation in a clinical setting. Am 
J Gastroenterol. 2006;101(11):2576–81.

35.	 Piccolo M, Ferraro MG, Iazzetti F, Santamaria R, Irace C. Insight into Iron, 
oxidative stress and ferroptosis: therapy targets for approaching anticancer 
strategies. Cancers. 2024;16(6).

36.	 Patino E, Bhatia D, Vance SZ, Antypiuk A, Uni R, Campbell C, Castillo CG, 
Jaouni S, Vinchi F, Choi ME et al. Iron therapy mitigates chronic kidney disease 
progression by regulating intracellular iron status of kidney macrophages. Jci 
Insight. 2023;8(1).

37.	 Khan M, Kazi TG, Afridi HI, Sirajuddin, Bilal M, Akhtar A, Khan S, Kadar S. Varia-
tion of calcium, copper and iron levels in serum, bile and stone samples of 
patients having different types of gallstone: a comparative study. Clin Chim 
Acta. 2017;471:254–62.

38.	 Ceci L, Han Y, Krutsinger K, Baiocchi L, Wu N, Kundu D, Kyritsi K, Zhou T, 
Gaudio E, Francis H, et al. Gallstone and gallbladder disease: biliary tract and 
Cholangiopathies. Compr Physiol. 2023;13(3):4909–43.

39.	 Acalovschi M. Cholesterol gallstones: from epidemiology to prevention. 
Postgrad Med J. 2001;77(906):221–9.

40.	 Lavoie JM. Dynamics of hepatic and intestinal cholesterol and bile acid path-
ways: the impact of the animal model of estrogen deficiency and exercise 
training. World J Hepatol. 2016;8(23):961–75.

41.	 Stefan MW, Gundermann DM, Sharp MH, Jennings BA, Gheith RH, Lowery 
RP, Lowdog T, Ghatak SB, Barbosa J, Wilson JM. Assessment of the efficacy of 
a low-dose Iron supplement in restoring Iron levels to normal range among 
healthy Premenopausal women with Iron Deficiency without Anemia. Nutri-
ents. 2023;15(11).

42.	 Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. 
Lancet. 2021;397(10270):233–48.

43.	 Di Ciaula A, Wang DQ, Portincasa P. An update on the pathogenesis of cho-
lesterol gallstone disease. Curr Opin Gastroen. 2018;34(2):71–80.

44.	 Di Ciaula A, Garruti G, Frühbeck G, De Angelis M, de Bari O, Wang DQ, 
Lammert F, Portincasa P. The role of Diet in the pathogenesis of cholesterol 
gallstones. Curr Med Chem. 2019;26(19):3620–38.

45.	 Tsai CJ, Leitzmann MF, Willett WC, Giovannucci EL. Long-term effect of mag-
nesium consumption on the risk of symptomatic gallstone disease among 
men. Am J Gastroenterol. 2008;103(2):375–82.

46.	 Roslyn JJ, Conter RL, Julian E, Abedin MZ. The role of dietary iron in pigment 
gallstone formation. Surgery. 1987;102(2):327–33.

47.	 Tsunoda K, Shirai Y, Hatakeyama K. Prevalence of cholesterol gallstones posi-
tively correlates with per capita daily calorie intake. Hepatogastroenterology. 
2004;51(59):1271–4.

48.	 Cherayil BJ, Ellenbogen S, Shanmugam NN. Iron and intestinal immunity. Curr 
Opin Gastroen. 2011;27(6):523–8.

49.	 Wang Q, Jiao L, He C, Sun H, Cai Q, Han T, Hu H. Alteration of gut microbiota 
in association with cholesterol gallstone formation in mice. Bmc Gastroen-
terol. 2017;17(1):74.

50.	 Wu T, Zhang Z, Liu B, Hou D, Liang Y, Zhang J, Shi P. Gut microbiota dysbiosis 
and bacterial community assembly associated with cholesterol gallstones in 
large-scale study. BMC Genomics. 2013;14:669.

51.	 Ding L, Jiang J, Cheng L, Wang Y, Zhang W, Li D, Xu Z, Jiang J, Gao L, Li Z. Oral 
administration of Nanoiron Sulfide Supernatant for the treatment of Gallblad-
der stones with Chronic Cholecystitis. Acs Appl Bio Mater. 2021;4(5):3773–85.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Association between serum iron and gallstones in US adults: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Survey description
	﻿Study population
	﻿Measurement of serum iron, serum ferritin and iron intake
	﻿Outcome definitions
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of participants
	﻿Associations of serum iron, serum ferritin and iron intake with gallstones prevalence
	﻿Subgroup analysis

	﻿Discussion
	﻿Conclusion
	﻿References


