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Abstract
Background  While dietary factors are known to influence gallstone development, the specific relationships between 
comprehensive dietary quality indicators and gallstone risk remain poorly understood. This study aimed to explore 
the association between dietary quality indicators and gallstones using data from the 2017 to 2020 US National 
Health and Nutrition Examination Survey (NHANES).

Methods  A total of 6,623 US adults were extracted from the 2017–2020 NHANES, of which 734 participants self-
reported having gallstones. Dietary quality indicators were assessed using 24-hour dietary recall data. We used 
multivariate logistic regression analysis to evaluate the association between dietary quality indicators and the 
likelihood of gallstones. To delineate the non-linear relationships and threshold effects, we utilized a restricted cubic 
spline (RCS) regression model. Subgroup analyses were also performed.

Results  After adjusting for sex, age, race, education, poverty-to-income ratio, body mass index, large weight 
loss, alcohol use, smoking, physical activity, diabetes, hypertension, heart failure, coronary heart disease, angina 
pectoris, heart attack, total calories, total cholesterol, estrogen use, antihyperglycemic drug use, statin use, and 
glucocorticosteroid use (Model 4), a higher Dietary Inflammatory Index (DII) and lower Alternative Healthy Eating 
Index (AHEI), Healthy Eating Index (HEI-2020), Dietary Approaches to Stop Hypertension (DASH), and Mediterranean 
Diet (MED) were all significantly associated with gallstones. Further RCS analysis revealed a nonlinear relationship 
between the DII and gallstones, with a threshold value of 1.842. Above this threshold, for each unit increase in the DII 
score, the odds of developing gallstones increased by 27.5%. Subgroup analysis demonstrated that this association 
was consistent across all subgroups.

Conclusion  Participants with gallstones exhibited poor dietary habits. Adopting a diet that reduces inflammation 
and supports overall health may help lower the risk of gallstone development, with potential implications for dietary 
recommendations in clinical practice.
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Introduction
Gallstones are a widespread disorder of the digestive sys-
tem worldwide and primarily affect the gallbladder and 
bile ducts [1, 2]. Epidemiological studies have indicated 
that approximately 10–20% of the adult population has 
gallstone disease, and its prevalence continues to increase 
[3, 4]. Although gallstones generally remain asymptom-
atic, > 20% of patients may experience difficulties such as 
biliary colic or infections during adulthood, with 1–2% 
potentially experiencing significant complications [4–6]. 
Gallstones pose a considerable burden on individu-
als and society. The annual medical costs related to the 
treatment of gallstones in the US amount to $6.5 billion, 
while approximately 50,000 cholecystectomies are con-
ducted annually in the UK, consuming significant medi-
cal resources [4]. Furthermore, the presence of gallstones 
significantly affects patient quality of life, particularly 
because of indigestion and other health complications 
that may arise postoperatively [4, 6]. Previous studies 
confirmed that age, sex, obesity, race, genetics, and poor 
lifestyle habits are significant risk factors for gallstones [2, 
7]. Diet plays a crucial role in the formation of gallstones. 
Diets high in fat, sugar, and processed foods and low in 
fiber increase gallstone risk, whereas diets rich in vegeta-
bles, fruits, and fish may reduce it [8–10]. This highlights 
the importance of a balanced diet as a preventive strat-
egy [2, 11–13]. However, the specific dietary patterns that 
contribute to gallstones are not well understood, making 
it essential to identify reliable clinical indicators for pre-
dicting risk.

Gallstone formation involves several mechanisms, 
including bile oversaturation, cholesterol precipitation, 
impaired gallbladder function, inflammation, and intes-
tinal factors [14–16]. High cholesterol and low fiber 
intakes promote bile supersaturation, which is a key fac-
tor in cholesterol stone formation [17–20]. Additionally, 
proinflammatory diets high in fat and sugar and low in 
antioxidants can trigger inflammation and alter the gut 
microbiota, further contributing to gallstone forma-
tion [21, 22]. Thus, precise insight into the relationships 
between these mechanisms and diet-related factors is 
essential.

Given the crucial role of dietary components in gall-
stone formation, researchers have recently begun to 
explore how to assess and regulate these risk factors 
through overall dietary patterns, thereby establishing a 
scientific basis for the prevention of gallstones. Currently, 
global studies have utilized various indicators of diet 
quality to evaluate the risk of several disorders, includ-
ing gallstones [10, 23]. The Mediterranean Diet (MED), 
the Dietary Approaches to Stop Hypertension (DASH), 
the Alternative Healthy Eating Index (AHEI), the Healthy 
Eating Index (HEI), and the Dietary Inflammation 
Index (DII) are a few of the major overall dietary quality 

indicators. The MED promotes a diverse range of vegeta-
bles, fruits, whole grains, and nutritious fats, particularly 
olive oil [24, 25]. It also encourages healthy intake of sea-
food and alcohol [24, 26]. The DASH diet is specifically 
formulated to address hypertension by promoting a diet 
consisting of vegetables, fruits, whole grains, and dairy 
products with low fat content, while recommending a 
decrease in salt and red meat consumption [27–29]. The 
AHEI emphasizes high-quality protein and fat sources, 
including limited quantities of processed and red meat, 
aiming to mitigate the likelihood of chronic diseases [30, 
31]. In contrast, the HEI assesses the overall quality of 
food according to the United States Dietary Guidelines 
with a focus on balanced nutrition [30, 32]. Conversely, 
the DII assesses foods based on their anti-inflammatory 
or proinflammatory properties to help reduce inflamma-
tion [33, 34]. Although each of these indicators provides 
a different perspective on dietary behavior, they share 
the common goal of promoting health through improved 
dietary patterns and nutrient intake. They emphasize 
key principles such as the importance of whole foods, 
reduced consumption of processed foods, and a balanced 
intake of nutrients. These factors are believed to influ-
ence the risk of chronic diseases including gallstones.

Numerous studies have revealed significant associa-
tions between these indicators and a wide range of dis-
orders, including gallstones, cardiovascular disease, 
and metabolic syndrome [35–37]. Research on dietary 
patterns and gallstones suggests that higher adher-
ence to MED and AHEI may reduce the gallstone risk. 
For example, a cohort study reported that higher MED 
adherence was associated with a lower risk of symptom-
atic gallstones [10]. However, other studies, including a 
large cross-sectional study, have found that higher MED 
scores may increase gallstone incidence [38], possibly due 
to regional dietary differences. Additionally, higher DII 
scores have been linked to an increased gallstone risk [39, 
40]. Despite these findings, most studies have focused on 
single dietary indices, limiting a comprehensive under-
standing of the diet-gallstone relationship.

Therefore, we investigated the association between 
dietary quality indicators and the likelihood of gallstone 
development using data from the National Health and 
Nutrition Examination Survey (NHANES). These indi-
cators reflect distinct dietary patterns: the DII examines 
the inflammatory potential, whereas the AHEI, HEI-
2020, DASH, and MED focus on the overall diet qual-
ity, nutrient balance, and key food groups. Despite these 
differences, each indicator prioritizes healthy food and 
nutrient balance. This consistency across dietary patterns 
strengthens the evidence supporting the relationship 
between diet and gallstones and provides a more compre-
hensive scientific understanding of gallstone prevention. 
We also analyzed these associations across population 
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subgroups to ensure that the findings were robust and 
applicable to diverse groups.

Methods
Study design and participants
The NHANES database, which is administered by the 
National Center for Health Statistics (NCHS) within 
the Centers for Disease Control and Prevention (CDC), 
is a substantial health and nutrition survey initiative 
that began in the 1960s. The fundamental objective is to 
gather comprehensive data spanning various demograph-
ics, encompassing both adults and children, to estimate 
the health and nutritional status of the American popu-
lation. This study employed NHANES data collected 
between 2017 and March 2020. The exclusion criteria are 
shown in Fig.  1: (1) age < 20 years, (2) incomplete gall-
stone questionnaire, and (3) missing dietary quality indi-
cator information. A total of 6623 samples were analyzed.

All participants provided written informed con-
sent before participation. The NHANES protocol was 
approved by the CDC Institutional Review Board. 
According to the policy of our local Research Ethics 
Committee, secondary analyses of publicly available data 
that have already received proper approval are not sub-
ject to further review.

Definition of gallstones
To determine whether individuals had gallstones, the 
survey asked “Has the DR ever diagnosed you with gall-
stones?” Respondents answering yes to this question were 
categorized as gallstone patients, while those answering 
no were assigned to the non-gallstone category [3, 41, 
42].

Dietary quality indicators
Detailed information on dietary intake was collected 
from the NHANES participants to estimate the energy, 
nutrient content, and other food components consumed 
within 24 h prior to the interview. All participants com-
pleted two 24-hour dietary interviews to ensure accurate 
and comprehensive data. The first interview occurred 
face-to-face at the mobile examination center, while the 
second was recorded over the phone 3–10 days later. The 
two interviews served as critical data sources and were 
used jointly to assess dietary quality.

Previous studies calculated the DII using 26 dietary 
components. The DII score for each food component 
was determined by comparing its intake with the global 
dietary average, followed by standardization. The stan-
dardized scores were then weighted according to the 
proinflammatory or anti-inflammatory potential of each 

Fig. 1  Flowchart of participant selection criteria for the study on dietary quality indicators and gallstones occurrence
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component, and the final overall DII score was derived by 
summing the weighted scores [33].

While the DII specifically evaluates the inflamma-
tory potential of the diet, other indices, like the AHEI 
and HEI-2020, assess overall diet quality based on dif-
ferent criteria. The AHEI evaluates the intake of nine 
key dietary elements. The final score, ranging from 0 
to 110, reflects how well a diet supports cardiovascular 
health, with higher scores indicating better quality [43]. 
In contrast, HEI-2020 is derived from the 2020–2025 
US Dietary Guidelines and includes 13 components. 
The score assesses the degree to which a diet adheres to 
these guidelines. Higher scores represent greater align-
ment with the recommended dietary patterns, signifying 
a more balanced and nutritious diet [44].

The MED is a scoring system designed around the 
Mediterranean dietary pattern and is used to determine 
how well an individual’s eating habits align with this pat-
tern [45]. MED encourages the consumption of plant-
based foods, while minimizing the intake of red meat, 
processed meats, sugars, and saturated fats [46].

The DASH was specifically developed to prevent and 
treat hypertension. The DASH evaluates the intake of 
ten key dietary elements [47]. To assess how closely the 
participants’ diets meet the DASH guidelines, the scoring 
system assigns corresponding points based on the intake 
of each component. The individual scores are then com-
bined to obtain the DASH score. The higher the score, 
the closer the individual’s diet is to the DASH diet pat-
tern, which is typically linked to improved blood pressure 
regulation and cardiovascular health.

The detailed calculation methods for each dietary 
index, including DII [33], AHEI [43], HEI-2020 [44], 
MED [45, 46], and DASH [47], are provided in the Sup-
plementary Material 1.

Covariates
Sex, age, race, education, poverty-to-income ratio, and 
total calories were adjusted for demographic and dietary 
covariates. Covariates from physical and laboratory mea-
surements included body mass index (BMI) and total 
cholesterol levels. Variables derived from questionnaires 
included large weight loss (5% or more weight loss in 
one year), smoking (classified into four categories: never 
smoked, previous smoker, occasional smoker, and daily 
smoker), alcohol use (those who had consumed alcohol), 
physical activity, medication history (estrogen, statins, 
antihyperglycemic drugs, and glucocorticoids), and a 
history of medical conditions such as diabetes, hyper-
tension, heart failure, coronary heart disease, angina pec-
toris, and heart attack were also collected via affirmative 
responses from participants.

Statistical analysis
Dietary quality indicators were grouped into quartiles, 
with the lowest quartile serving as the reference group. 
Because of their non-normal distribution, continuous 
variables are described as median and interquartile range 
according to the Kolmogorov–Smirnov test (TableS1 and 
Fig. S1), and categorical variables are reported as propor-
tions. Intergroup differences in categorical variables were 
evaluated using the chi-square test, whereas intergroup 
differences in continuous variables were assessed using 
the Mann–Whitney U test.

Multivariate logistic regression was used to investigate 
the odds ratios (ORs) and 95% confidence intervals (CIs) 
between gallstones and dietary quality indicators. Four 
models were established: Model 1 (unadjusted), Model 
2 (adjusted for age, sex, and race), Model 3 (adjusted for 
age, sex, race, BMI, and total calorie intake), and Model 
4 (completely adjusted for all factors). Additionally, we 
evaluated the possible nonlinear relationship between 
gallstones and dietary quality indicators using a restricted 
cubic spline (RCS) regression model. A segmented linear 
regression model was employed to the threshold effect 
of gallstones on dietary quality indicators. Subgroup and 
interaction analyses were conducted to explore poten-
tial differences between the different populations. The 
robustness of the results was further assessed using a 
sensitivity analysis adjusted for hyperlipidemia to mini-
mize its impact on gallstones. Multiple imputations were 
used to impute missing values. Statistical significance 
was defined as P < 0.05. The analyses were conducted 
using the R and EmpowerStats software.

Results
Baseline characteristics
The study included 6623 individuals who met the inclu-
sion and exclusion criteria. The mean age of participants 
was 50.85 ± 17.27 years, and 52.24% were female. In total, 
734 participants (11.08%) had gallstones. The mean DII 
score was 1.26 ± 1.69. Table 1 provides a detailed descrip-
tion of the participants. Compared with participants who 
did not have gallstones, individuals with gallstones dem-
onstrated a greater tendency towards the following char-
acteristics: older age, female, non-Hispanic white, higher 
educational level, higher BMI, no significant weight loss, 
smoking, hypertension, history of undiagnosed diabetes 
mellitus and cardiovascular disease, no use of estrogen, 
statins, glucose-lowering medications, or glucocorti-
coids, lower energy intake, and higher DII (each P < 0.05).

Association between unhealthy dietary pattern and 
gallstones
Table 2 shows the correlation between the DII score and 
gallstone occurrence. In the model with comprehensive 
adjustments for confounders (model 4), when the DII 
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Variables Overall
(n = 6623)

Gallstones P-value
NO (n = 5889) YES (n = 734)

Age, Median (Q1-Q3) 52.00 (36.00–64.00) 51.00 (35.00–63.00) 61.00 (46.25-71.00) < 0.001
Age, n (%) < 0.001
< 40 1993 (30.09%) 1881 (31.94%) 112 (15.26%)
40–60 2210 (33.37%) 1975 (33.54%) 235 (32.02%)
≥ 60 2420 (36.54%) 2033 (34.52%) 387 (52.72%)
Gender, n (%) < 0.001
Male 3163 (47.76%) 2951 (50.11%) 212 (28.88%)
Female 3460 (52.24%) 2938 (49.89%) 522 (71.12%)
Race, n (%) < 0.001
Mexican American 736 (11.11%) 652 (11.07%) 84 (11.44%)
Other Hispanic 655 (9.89%) 574 (9.75%) 81 (11.04%)
Non-Hispanic White 2390 (36.09%) 2064 (35.05%) 326 (44.41%)
Non-Hispanic Black 1859 (28.07%) 1701 (28.88%) 158 (21.53%)
Other Race 983 (14.84%) 898 (15.25%) 85 (11.58%)
Education level, n (%) 0.014
Less than 9th grade 390 (5.89%) 354 (6.01%) 36 (4.90%)
9-11th grade 689 (10.40%) 609 (10.34%) 78 (10.63%)
High school graduate/GED or equivalent 1562 (23.58%) 1379 (23.42%) 185 (25.20%)
Some college or AA degree 2259 (34.11%) 1981 (33.64%) 278 (37.87%)
College graduate or above 1723 (26.02%) 1566 (26.59%) 157 (21.39%)
Income-to-poverty ratio, n (%) 2.32 (1.35–3.98) 2.32 (1.35–3.98) 2.32 (1.35–3.70) 0.207
BMI, Median (Q1-Q3) 29.00 (25.10–33.90) 28.70 (24.80–33.50) 31.90 (27.90–37.90) < 0.001
BMI, kg/m2, n (%) < 0.001
Normal weight 1603 (24.20%) 1520 (25.81%) 83 (11.31%)
Overweight 2095 (31.63%) 1888 (32.06%) 207 (28.20%)
Obese 2925 (44.16%) 2481 (42.13%) 444 (60.49%)
Large weight loss, n (%) < 0.001
Yes 1461 (22.06%) 1262 (21.43%) 199 (27.11%)
No 5162 (77.94%) 4627 (78.57%) 535 (72.89%)
Alcohol use, n (%) 0.895
Yes 6046 (91.29%) 5375 (91.27%) 671 (91.42%)
No 577 (8.71%) 514 (8.73%) 63 (8.58%)
Smoking, n (%) < 0.001
Never smokers 3831 (57.84%) 3445 (58.50%) 386 (52.59%)
Previous smokers 1611 (24.32%) 1378 (23.40%) 233 (31.74%)
Occasional smokers 268 (4.05%) 248 (4.21%) 20 (2.72%)
Daily smokers 913 (13.79%) 818 (13.89%) 95 (12.94%)
Physical activity, n (%) 0.210
Yes 2995 (45.22%) 2679 (45.49%) 316 (43.05%)
No 3628 (54.78%) 3210 (54.51%) 418 (56.95%)
Diabetes, n (%) < 0.001
Yes 1053 (15.90%) 855 (14.52%) 198 (26.98%)
No 5570 (84.10%) 5034 (85.48%) 536 (73.02%)
Hypertension, n (%) < 0.001
Yes 2598 (39.23%) 2189 (37.17%) 409 (55.72%)
No 4025 (60.77%) 3700 (62.83%) 325 (44.28%)
Heart failure, n (%) < 0.001
Yes 243 (3.67%) 189 (3.21%) 54 (7.36%)
No 6380 (96.33%) 5700 (96.79%) 680 (92.64%)
Coronary heart disease, n (%) < 0.001
Yes 310 (4.68%) 243 (4.13%) 67 (9.13%)

Table 1  Baseline characteristics of participants in a cross-sectional study on Dietary Quality indicators and gallstones based on the 
National Health and Nutrition Examination Survey (NHANES) 2017–2020
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score was treated as a continuous variable, it was posi-
tively associated with the occurrence of gallstones, sug-
gesting that each one-unit increase in the DII score 
corresponded to an 8.6% higher likelihood of developing 
gallstones.

When categorical variables were analyzed by quartile, 
higher DII quartiles were associated with an increased 
probability of gallstones. Individuals in DII Q4 had a 
43.6% higher probability of developing gallstones than 
those in Q1. These results suggest that higher DII scores 
are closely associated with an increased likelihood of gall-
stone formation.

Subsequently, we evaluated the possibility of non-linear 
associations between the DII score and gallstone occur-
rence. An RCS regression model that accounted for all 
the confounders was used to assess the linearity of these 
relationships. As shown in Fig. 2A, the non-linear dose-
response relationship between the DII score and gall-
stone occurrence was observed. Threshold effect analysis 

revealed an inflection point at 1.842 (Table 3). After this 
point, a significant association was observed (OR 1.275, 
95% CI 1.074, 1.513), suggesting that a one-unit rise 
in the DII score increased the likelihood of gallstone 
development by 27.5%. Conversely, before reaching this 
inflection point, the relationship between DII score and 
gallstones was not statistically significant.

Association between healthy dietary patterns and 
gallstones
When treated as continuous variables, the AHEI, HEI-
2020, DASH, and MED showed inverse relationships 
with gallstone occurrence. Each unit increment in these 
indices corresponded to a lower likelihood of gallstone 
development.

When categorical variables were analyzed by quartile, a 
similar pattern was observed. After adjusting for all fac-
tors (Model 4), individuals in Q4 exhibited a significantly 
lower probability of developing gallstones than those in 

Variables Overall
(n = 6623)

Gallstones P-value
NO (n = 5889) YES (n = 734)

No 6313 (95.32%) 5646 (95.87%) 667 (90.87%)
Angina pectoris, n (%) < 0.001
Yes 175 (2.64%) 125 (2.12%) 50 (6.81%)
No 6448 (97.36%) 5764 (97.88%) 684 (93.19%)
Heart attack, n (%) < 0.001
Yes 305 (4.61%) 243 (4.13%) 62 (8.45%)
No 6318 (95.39%) 5646 (95.87%) 672 (91.55%)
Estrogen use status, n (%) < 0.001
Yes 125 (1.89%) 116 (1.97%) 9 (1.23%)
No 2543 (38.40%) 2390 (40.58%) 153 (20.84%)
Other 3955 (59.72%) 3383 (57.45%) 572 (77.93%)
Antihyperglycemic drug use status, n (%) < 0.001
Yes 147 (2.22%) 126 (2.14%) 21 (2.86%)
No 2543 (38.40%) 2390 (40.58%) 153 (20.84%)
Other 3933 (59.38%) 3373 (57.28%) 560 (76.29%)
Statin use status, n (%) < 0.001
Yes 432 (6.52%) 378 (6.42%) 54 (7.36%)
No 2543 (38.40%) 2390 (40.58%) 153 (20.84%)
Other 3648 (55.08%) 3121 (53.00%) 527 (71.80%)
Glucocorticosteroid use status, n (%) < 0.001
Yes 64 (0.97%) 55 (0.93%) 9 (1.23%)
No 2543 (38.40%) 2390 (40.58%) 153 (20.84%)
Other 4016 (60.64%) 3444 (58.48%) 572 (77.93%)
Energy, Median (Q1-Q3) 1912.00 (1453.00-2481.00) 1931.00 (1462.00-2499.50) 1802.00 (1386.38-2333.75) < 0.001
Total cholesterol, Median (Q1-Q3) 183.00 (159.00-209.00) 183.00 (159.00-209.00) 183.00 (158.00-208.75) 0.619
DII, Median (Q1-Q3) 1.43 (0.10–2.55) 1.40 (0.08–2.51) 1.71 (0.32–2.84) < 0.001
AHEI, Median (Q1-Q3) 37.64 (29.91–46.05) 37.64 (29.92–46.17) 37.55 (29.90-45.53) 0.483
HEI2020, Median (Q1-Q3) 49.71 (41.73–58.83) 49.84 (41.75–58.89) 48.63 (41.55–58.32) 0.162
DASH, Median (Q1-Q3) 26.50 (24.50–28.50) 26.50 (24.50–28.50) 26.50 (24.50–29.00) 0.843
MED, Median (Q1-Q3) 6.00 (5.00-6.50) 6.00 (5.00-6.50) 6.00 (5.00-6.50) 0.939
1. Intergroup differences in categorical variables were assessed using the chi-square test

2. Intergroup differences in variables were analyzed using the Mann-Whitney U test

Table 1  (continued) 
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Table 2  Odds ratios (OR) and 95% confidence intervals (CI) for the Association between DII, AHEI, HEI2020, DASH, MED, and gallstone 
occurrence: a multivariable logistic regression analysis

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

DII
Continuous 1.106 (1.054, 1.167) 1.067 (1.016, 1.120) 1.099 (1.032, 1.170) 1.086 (1.017, 1.159)
Categories
Q1 Reference Reference Reference Reference
Q2 1.050 (0.835, 1.320) 1.013 (0.801, 1.282) 1.064 (0.833, 1.358) 1.041 (0.812, 1.334)
Q3 1.127 (0.899, 1.412) 1.041 (0.825, 1.317) 1.087 (0.843, 1.403) 1.072 (0.827, 1.391)
Q4 1.534 (1.238, 1.901) 1.311 (1.048, 1.640) 1.487 (1.130, 1.96) 1.436 (1.080, 1.911)
P for trend < 0.001 0.021 0.008 0.021
AHEI
Continuous 0.998 (0.991, 1.005) 0.983 (0.974, 0.990) 0.987 (0.980, 0.994) 0.988 (0.981, 0.996)
Categories
Q1 Reference Reference Reference Reference
Q2 1.013 (0.816, 1.257) 0.8196 (0.6546, 1.026) 0.844 (0.672, 1.061) 0.840 (0.666, 1.059)
Q3 1.043 (0.841, 1.293) 0.730 (0.582, 0.914) 0.761 (0.605, 0.958) 0.767 (0.605, 0.971)
Q4 0.933 (0.749, 1.163) 0.589 (0.466, 0.744) 0.671 (0.528, 0.852) 0.695 (0.540, 0.895)
P for trend 0.583 < 0.001 < 0.001 0.004
HEI2020
Continuous 0.996 (0.989, 1.002) 0.983 (0.977, 0.990) 0.987 (0.980, 0.994) 0.988 (0.981, 0.995)
Categories
Q1 Reference Reference Reference Reference
Q2 1.061 (0.858, 1.310) 0.915 (0.735, 1.140) 0.935 (0.748, 1.169) 0.945 (0.755, 1.185)
Q3 0.877 (0.704, 1.092) 0.676 (0.538, 0.850) 0.704 (0.558, 0.889) 0.729 (0.574, 0.925)
Q4 0.912 (0.733, 1.133) 0.619 (0.491, 0.779) 0.689 (0.545, 0.871) 0.718 (0.563, 0.914)
P for trend 0.206 < 0.001 < 0.001 0.002
DASH
Continuous 1.001(0.974, 1.026) 0.943 (0.918, 0.970) 0.961 (0.9341, 0.990) 0.970 (0.943, 0.998)
Categories
Q1 Reference Reference Reference Reference
Q2 1.203 (0.962, 1.506) 0.988 (0.783, 1.247) 1.052 (0.830, 1.333) 1.084 (0.853, 1.377)
Q3 1.055 (0.837, 1.329) 0.737 (0.578, 0.938) 0.812 (0.634, 1.034) 0.847 (0.6577, 1.090)
Q4 1.078 (0.866, 1.342) 0.669 (0.529, 0.844) 0.770 (0.605, 0.979) 0.835 (0.6495, 1.074)
P for trend 0.797 < 0.001 0.009 0.065
MED
Continuous 0.993 (0.904, 1.089) 0.825 (0.753, 0.914) 0.896 (0.819, 0.980) 0.904 (0.822, 0.994)
Categories
Q1 Reference Reference Reference Reference
Q2 0.951 (0.734, 1.233) 0.769 (0.588, 1.007) 0.798 (0.607, 1.049) 0.803 (0.609, 1.058)
Q3 0.921 (0.692, 1.225) 0.667 (0.495, 0.900) 0.704 (0.520, 0.954) 0.700 (0.514, 0.953)
Q4 0.956 (0.739, 1.238) 0.602 (0.458, 0.791) 0.667 (0.505, 0.882) 0.698 (0.524, 0.930)
P for trend 0.837 < 0.001 0.005 0.020
1. outcome variable: gallstones (0 = no gallstones, 1 = gallstones), analyzed using multivariate logistic regression

2. exposure variable: DII, AHEI, HEI2020, DASH and MED, included in the model as a continuous variable

3. Model 1: no covariates were adjusted

4. Model 2: Age, sex, race were adjusted

5. Model 3: Age, sex, race, BMI, total calorie were adjusted

6. Model 4: Age, sex, race, education, poverty-to-income ratio, body mass index, large weight loss, alcohol use, smoking, physical activity, diabetes, hypertension, 
HF, CHD, angina pectoris, heart attack, total calorie, total cholesterol, estrogen use status, antihyperglycemic drug use status, statin use status, glucocorticosteroid 
use status were adjusted
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Q1. Specifically, compared with Q1, the probability of 
developing gallstones was reduced by 30.5%, 28.2%, and 
30.2% in Q4 for the AHEI, HEI-2020, and MED, respec-
tively. These findings highlighted the potential benefits of 
these dietary choices.

Conversely, this association was not significant for 
DASH scores, suggesting that DASH was not as clearly 
associated with the occurrence of gallstones as other 
dietary indices in the cross-sectional analysis.

We also evaluated the possibility of non-linear associa-
tions between dietary indices (AHEI, HEI-2020, DASH, 
and MED) and the occurrence of gallstones using an RCS 
regression model. As illustrated in Fig. 2B, C, D, and E no 

non-linear characteristics were observed for any of these 
indices in association with gallstone occurrence, indicat-
ing a consistent linear inverse association.

Subgroup and sensitivity analysis
The associations between dietary quality indicators and 
gallstones ere constant across most subgroups, with no 
significant interactions (Fig.S2). The results of the sensi-
tivity analyses were robust (Table S2). In particular, after 
adjusting for hyperlipidemia, dietary quality indicators 
were significantly associated with gallstones in Model 5.

Discussion
This cross-sectional study comprised 6623 partici-
pants. The results demonstrated a statistically signifi-
cant negative relationship between AHEI, HEI-2020, 
MED, and gallstones, suggesting that higher conformity 
to these dietary habits is associated with a decreased 
occurrence of gallstones. In addition, the DII had a 
non-linear dose-response relationship, with a differ-
ent relationship detected before and after the inflection 
point (DII = 1.842). This non-linear relationship implies 
that proinflammatory diets do not uniformly influence 
gallstone risk across all levels of inflammation. Below 
this threshold, the inflammatory response may not be 
strong enough to trigger pathological changes involved 
in gallstone formation. However, once the DII surpasses 
1.842, the cumulative inflammatory load likely becomes 
sufficient to affect the biliary system, contributing to gall-
stone formation. The potential mechanisms underlying 
this effect include increased cholesterol supersaturation 

Table 3  Threshold Effect Analysis of the Association between DII 
and gallstones using a two-Piecewise Linear Regression Model: 
identification of thresholds
Gallstones Adjust OR (95% CI) P-value
DII
Fitting by standard linear model 1.086 (1.017, 1.159) 0.014
Fitting by two-piecewise linear model
Inflection point 1.842
< 1.80 1.034 (0.955, 1.121) 0.408
> 1.80 1.275 (1.074, 1.513) 0.006
Log-likelihood ratio 0.049
1. outcome variable: gallstones (0 = no gallstones, 1 = gallstones), analyzed 
using multivariate logistic regression

2. exposure variable: DII, included in the model as a continuous variable

3. Age, sex, race, education, poverty-to-income ratio, body mass index, large 
weight loss, alcohol use, smoking, physical activity, diabetes, hypertension, HF, 
CHD, angina pectoris, heart attack, total calorie, total cholesterol, estrogen use 
status, antihyperglycemic drug use status, statin use status, glucocorticosteroid 
use status were adjusted

Fig. 2  Dose-response relationships between dietary quality indicators and gallstone occurrence in a cross-sectional study. Outcome: Gallstones (0 = no, 
1 = yes), analyzed using multivariable logistic regression. Exposure Variables: DII (A), AHEI (B), HEI2020 (C), DASH (D), and MED (E), analyzed as continuous 
variables using segmented regression with spline (RCS)
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in bile, impaired gallbladder motility, and inflammation 
of the gallbladder wall, all of which have been associated 
with gallstone development. Further subgroup analysis, 
which examined various segments within the gallstone 
population, revealed consistent relationships among DII, 
AHEI, HEI-2020, MED, and gallstone occurrence, with 
no significant divergence observed across most sub-
groups. Consequently, our findings suggest that the DII, 
AHEI, HEI-2020, and MED are linked to the likelihood of 
gallstones, highlighting the strength and reliability of the 
findings.

Unhealthy dietary pattern
The occurrence of gallstones is strongly linked to dietary 
choices [8, 48]. In this study, associations were observed 
between dietary quality indicators and the likelihood 
of developing gallstones. Specifically, a cross-sectional 
study involving 3,626 participants indicated that lower 
DII scores were associated with a reduced risk of gall-
stones [39]. In a case-control study, Ghorbani et al. dem-
onstrated that among Iranian women, higher DII scores 
and elevated serum biomarkers of inflammation and 
oxidative stress were associated with a higher incidence 
of gallstone disease [49]. However, the findings of these 
previous studies are controversial. Cheng et al. reported 
no indication of a non-linear correlation between the DII 
score and gallstones, but noted that a higher DII score 
was positively linked to a greater probability of gallstone 
development [40]. The reason for this discrepancy may 
be related to the different approaches used in the stud-
ies: we utilized two days of dietary data and processed 
missing data through multiple interpolations. This was 
designed to enhance data completeness and reveal more 
nuanced relationships. This finding needs to be validated 
through further research.

Gallstone formation is a multifactorial process involv-
ing several mechanisms, including oversaturation of 
gallbladder bile, excessive cholesterol precipitation and 
nucleation, impaired gallbladder dynamics, inflamma-
tion, and intestinal factors (Fig.  3) [14–16]. Mechanisti-
cally, a high DII score reflects a proinflammatory diet 
that increases inflammatory markers such as IL-1α, IL-6, 
IL-8, CRP, and TNF-α, increasing gallstone risk [15, 16, 
49–51]. For example, in animal studies, a diet rich in 
fat and sugar activated the NF-κB pathway, resulting in 
elevated IL-6 and TNF-α levels [52]. This inflammatory 
response not only causes histological changes in the gall-
bladder wall, such as thickening and impaired contractile 
function, but is also closely related to gallstone forma-
tion [16, 53, 54]. At the same time, high levels of proin-
flammatory components in the diet stimulate the liver 
to synthesize more cholesterol, thereby increasing the 
cholesterol concentration in the bile [55–57]. When cho-
lesterol levels exceed the solubility limits of bile salts and 

phospholipids, cholesterol crystallizes in bile, resulting in 
gallstone formation [56, 58]. Moreover, oxidative stress 
plays a crucial role in the formation of gallstones [49, 59]. 
A high-DII diet can increase oxidative stress, potentially 
damaging gallbladder cells and impairing gallbladder 
contractile function, further contributing to gallstones 
[59].

Healthy dietary patterns
A prospective cohort study of 43,635 participants found a 
strong correlation between MED and AHEI-2010, with a 
reduced prevalence of symptomatic gallstones [10]. Con-
versely, in a cross-sectional study involving 89,544 par-
ticipants, Nie et al. found that higher MED scores were 
associated with a higher incidence of gallstones [38]. This 
discrepancy in the relationship between the MED and 
gallstone incidence may be attributed to several factors. 
Regional dietary differences, especially in non-Mediter-
ranean regions, such as China, could have a substantial 
impact. For example, olive oil, a staple in Mediterranean 
cuisine, is rarely used in traditional Chinese cooking, 
whereas other vegetable and animal oils are more com-
mon. These differences in fat type may influence gallstone 
formation in ways that were not captured in the Mediter-
ranean studies [60]. Additionally, cultural and food prep-
aration methods as well as genetic and environmental 
factors may modify the effects of MED on gallstone risk. 
In populations where refined carbohydrates and low-
fiber diets are prevalent, the protective effects of MED 
may be less pronounced, contributing to an increased 
gallstone incidence [8]. Moreover, differences in study 
designs, such as the long-term observation of dietary pat-
terns in prospective studies versus the snapshot nature 
of cross-sectional studies, may explain these conflicting 
findings [61]. To address these discrepancies, future stud-
ies should investigate the context-specific effects of MED, 
explore its long-term impact on diverse populations, and 
consider its interactions with other lifestyle factors.

Mechanistically, higher AHEI and HEI-2020 scores 
suggest diets rich in plant-based foods, whole grains, and 
healthy fats, all of which are high in fiber and antioxi-
dants. Dietary fiber can diminish gallstone risk, poten-
tially by facilitating bile salt excretion and decreasing 
cholesterol reabsorption [18, 19]. For example, soluble 
fiber may promote cholesterol excretion by binding to 
bile salts and inhibiting their reabsorption [62]. Addition-
ally, unsaturated fatty acids, which are frequently found 
in plant-based diets, promote bile fluidity and inhibit 
cholesterol crystallization [63, 64]. Jang et al. reported 
that polyunsaturated fatty acids combined with ursode-
oxycholic acid (UDCA) dissolved cholesterol gallstones 
in a mouse model, which was attributed to a decrease in 
mucin production, increased phospholipid and bile acid 
contents in bile, and reduced cholesterol saturation [65]. 
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MED, which is rich in antioxidant and anti-inflammatory 
components, significantly affects the risk of gallstones. 
Vitamins E and C, which are abundant in MED, help 
reduce the oxidation and deposition of low-density lipo-
proteins [66, 67]. MED may reduce the levels of biomark-
ers of low-grade inflammation, such as hs-CRP and IL-6 
[68–72], which are associated with a heightened risk of 
gallstones [15, 50]. Furthermore, similar to the AHEI and 
HE-2020 dietary patterns, MED may lower cholesterol 
levels in bile because of its high dietary fiber and healthy 

fat content. Additionally, MED may positively influence 
cholesterol metabolism and the bile acid cycle by modu-
lating gut microbiota [73].

Study strengths and limitations
This study has several significant strengths. First, we 
accounted for potential confounding variables that could 
have influenced the results, ensuring a more precise eval-
uation of the association between dietary quality indica-
tors and gallstones. Furthermore, we identified nonlinear 

Fig. 3  Mechanisms of gallstone formation and associations with dietary quality indicators. created in biorender. Wu, W. (2025) ​h​t​t​p​s​:​​​/​​/​B​i​o​R​e​​n​d​e​​​r​.​c​​o​​m​/​​b​
7​​3​b​7​7​0
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relationships between DII scores and gallstones using 
RCS and threshold effect analysis. These findings sug-
gest that a proinflammatory diet does not have a uniform 
effect on gallstone occurrence across all levels of inflam-
mation, highlighting the complexity of this relationship.

However, this study had several important limita-
tions. First, the NHANES dataset does not include data 
on UDCA use, which prevents us from accounting for 
its possible implications on the relationship between 
gallstones and dietary quality. UDCA is known to influ-
ence gallstone-related outcomes, and the absence of such 
data limits the comprehensiveness of our analysis. Sec-
ond, the study relied on self-reported diagnoses of gall-
stones, which could introduce recall bias as participants 
may inaccurately remember or misreport their medi-
cal history. Furthermore, the dataset did not distinguish 
between current and past gallstone statuses. Participants 
were only asked about their lifetime history of diagnosis, 
meaning that we could not assess whether they currently 
had gallstones or whether their condition had resolved. 
Moreover, the cross-sectional approach prevents the 
establishment of causal correlations between variables. In 
addition, the potential influence of confounding factors 
that may distort the results could not be feasibly elimi-
nated. Finally, the use of 24-hour dietary recall, which is 
a widely used and valuable tool, has limitations. It cap-
tures only short-term dietary intake, which may not fully 
reflect habitual dietary patterns and is susceptible to day-
to-day variability and reporting bias.

Although these findings provide valuable insights, 
future research should address the limitations of this 
study by conducting longitudinal studies to establish 
causal relationships between dietary patterns and gall-
stones. These studies should also collect detailed infor-
mation on the use of UDCA to evaluate its potential 
role in modulating the relationship between diet and 
gallstone formation. To reduce recall bias, it is essential 
for future research to employ more accurate diagnostic 
methods, such as medical imaging, to clearly distinguish 
between current and past gallstone status. Additionally, 
large-scale prospective cohort studies should be under-
taken to assess the long-term effects of dietary interven-
tions, focusing on how specific dietary patterns influence 
gallstone formation through metabolic and inflammatory 
pathways. Furthermore, to mitigate the limitations of the 
24-hour dietary recall method, future studies should con-
sider supplementing it with the Food Frequency Ques-
tionnaire (FFQ) to capture long-term dietary habits more 
accurately. Such research would not only improve the 
reliability of findings but also provide stronger evidence 
for dietary interventions as part of preventive strategies.

Conclusion
From a clinical perspective, our findings provide new 
insights for gallstone prevention. A high DII is signifi-
cantly linked to an increased likelihood of gallstone for-
mation, whereas higher scores on the AHEI, HEI-2020, 
and MED are linked to a lower likelihood of gallstone 
development. These results underscore the role of dietary 
patterns in gallstone formation, suggesting that man-
aging dietary inflammation and promoting adherence 
to healthier dietary patterns could effectively reduce 
the occurrence of gallstones. Although the relationship 
between DASH score and gallstone formation remains 
unclear, our findings underscore the potential for early 
intervention by addressing modifiable dietary factors. 
By integrating dietary pattern management with exist-
ing clinical assessment methods, high-risk groups can 
be targeted and the need for surgical treatments such as 
cholecystectomy reduced. Moreover, dietary interven-
tion strategies based on our findings could support indi-
vidualized management of high-risk patients in clinical 
practice.
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