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Background and aim: Gallstone disease (GSD) is a major public health problem worldwide. The dietary inflammatory index (DII) and the energy-adjusted DII (E-DII) have been used to describe dietary inflammatory potential. The current study sought to investigate the pro-inflammatory role of diet on GSD among outpatients in the United States.

Methods: Cross-sectional data from 7,334 individuals older than 20 years who participated in the National Health and Nutrition Examination Survey (NHANES) from January 2017 to March 2020 were obtained. The relationship between GSD and DII was assessed using self-reported data. An association between DII and the risk of GSD was determined using sample-weighted logistic regression and restricted cubic splines (RCS). Subgroup analyzes were conducted to assess the interaction between DII and related factors. Sensitivity analysis was further used to confirm the stability of the relationship. To control for the effect of total energy intake, E-DII was calculated and analyzed.

Results: A total of 10.5% of the study participants had GSD. The DII ranged from −5.52 to 5.51, and the median DII was significantly higher for participants with GSD than those without (1.68 vs. 1.23, p < 0.001). There was a significant and stable positive relationship between DII and GSD in adjusted models (OR 1.10, 95% CI 1.00–1.20). In the fully adjusted model, subjects with DII scores in the highest tertile were more likely to have GSD than those in the lowest tertile (OR 1.52, 95% CI 1.19–1.93). An apparent dose–response association between DII and GSD was detected. The association between E-DII and GSD remained stable.

Conclusion: Higher DII/E-DII scores linked to the intake of a pro-inflammatory diet were positively associated with a higher risk of GSD. These findings suggest that pro-inflammatory dietary patterns can promote the formation of gallstones.
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1 Introduction

Gallstone disease (GSD) is common in the general population and its incidence has increased in recent years. The prevalence rate of GSD among adults in Europe, the United States, and other developed countries is approximately 10–15% (1). More than 20% of patients with GSD will develop symptoms, including colic or infection, during their lifetime (2). The direct and indirect costs of GSD are a leading cause of gastrointestinal disease-related hospitalization, resulting in a significant economic burden on families and society (3, 4).

Based on their composition, gallstones can be classified into cholesterol stones, which account for >90% of all gallstones, and other stones represented by black and brown pigments (2). Gallstone formation is shown to be multifactorial (1, 5) and risk factors include age, ethnicity, genetics, female gender, and lifestyle. GSD is also linked to insulin resistance, obesity, metabolic syndrome, and diabetes, of which diet plays a vital role. Studies indicate that a high intake of cholesterol, fatty acids, carbohydrates, and legumes can increase the risk of GSD. In contrast, the consumption of unsaturated fat, coffee, fiber, ascorbic acid (vitamin C), and calcium may lower the risk of this condition (5, 6). The specific dietary pattern that contributes to the development of GSD remains poorly understood, however.

It is well established that inflammation plays an essential role in the formation of gallstones (7–9). Inflammatory processes can affect cholesterol and bile acid metabolism by changing the metabolism of protein and fat, increasing the level of bile salt, and promoting the formation of gallstones (9). While GSD is linked to inflammation, evidence on whether a pro-inflammatory diet increases the risk of GSD remains limited.

Several nutritional indices such as Diet Inflammatory Index (DII), Dietary Antioxidant Index (DAI), Dietary Phytochemical Index (DPI), Nutrition Index (NI), dietary insulin index, Dietary Approaches to Stop Hypertension (DASH), and Mediterranean diet (MED) were reported to evaluate the effect of diet on chronic diseases (10–16). Among these evaluation indicators, the DII was originally proposed in 2009 and recalculated in 2014 to quantify the potential inflammatory level of individual dietary components by giving them a score ranging from maximum anti-inflammatory to maximum pro-inflammatory (17, 18). In addition, to adjust the influence of total energy intake, the energy-adjusted DII (E-DII) was developed (19). The DII/E-DII index has been verified by several inflammatory biomarkers, including C-reactive protein (CRP), tumor necrosis factor (TNF-a), and interleukin-I (IL). In the past decade, this index has been widely used to explore the relationship between anti- or pro-inflammatory diets and disease morbidity and mortality (13, 14, 16, 20–22). However, only a few studies have explored the specific relationship between an inflammatory diet and the development of GSD.

The current study sought to assess the cross-sectional relationship between DII/E-DII and GSD using data from the National Health and Nutrition and Examination Surveys (NHANES). We found that exposure to a pro-inflammatory diet would increase the risk of GSD.



2 Methods


2.1 Data sources

Data were obtained from individuals who participated in the National Health and Nutrition Examination Survey (NHANES) from January 2017 to March 2020. NHANES is a stratified multi-stage sampling survey conducted by the National Center for Health Statistics (NCHS) and designed to assess the health and nutrition status of Americans. The survey, which includes a family interview and a health examination, has been approved by the NCHS research ethics review board since 1999.

The current study included 15,560 individuals who participated in NHANES from January 2017–March 2020. After excluding individuals <20 years of age (n = 6,328), those missing data on GSD (n = 22), DII (n = 1,516), and covariates (n = 360), 7,334 participants were included in the final dataset for DII analysis. Extreme values of energy intake, including <800 kcal/d or > 4,200 kcal/d for men and < 600 kcal/d or > 3,500 kcal/d for women, were excluded when calculating the E-DII (n = 447) (23, 24). The inclusion and exclusion processes are shown in Figure 1.
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FIGURE 1
 Flow diagram of study participant enrollment.




2.2 Definition of GSD

The presence or absence of GSD is dependent on a patient’s self-report response to the question: “Has a doctor or other health professional ever told you that you had gallstones?”



2.3 Dietary inflammation index calculation

The DII is a potential tool to assess the anti- or pro-inflammatory quality of an individual’s diet by calculating the total potential inflammatory level of the dietary components consumed. This study calculated the exact nutritional intake of each participant using the nutritional intake information that was collected on day 1 and stored in the NHANES diet database. A total of 28 nutrients, including alcohol, vitamin A/B1/B2/B6/B12/C/D/E, β-carotene, caffeine, carbohydrate, cholesterol, energy, total fat, fiber, folic acid, iron, magnesium, zinc, selenium, monounsaturated fatty acids, niacin, n-3 fatty acids, n-6 fatty acids, protein, polyunsaturated fatty acids, and saturated fat, were used to determine the DII score in this study (Supplementary Table S2).

The specific calculation scheme of DII referred to the research of Shivappa et al. (18). Firstly, the dietary consumption information was compared to a worldwide daily intake database. The Z-score of each nutrient component was calculated based on the standard global daily mean intake and deviation (SD) values. Then it was transformed into a centered percentile, and multiplied by the respective overall inflammatory effect score to obtain the food parameter-specific DII score. Finally, all of the food parameter-specific DII scores were summated to gain an overall DII score for each individual. A higher DII score indicates that a diet is more pro-inflammatory in nature while a lower DII score indicates that a diet is more anti-inflammatory.

Accounting for the effect of total energy intake, density method was used to make energy adjustments for food and nutrient intake so that each parameter was expressed per thousand kilocalories (1,000 kcal). Then, the steps similar to the DII calculation were repeated to obtain E-DII but using an energy-adjusted global database (19).



2.4 Covariate assessment

Based on prior studies (1, 2, 25, 26), several potential confounding variables were selected as covariates for the analysis. The following demographic information was obtained: age (<40, 40–60, >60 years), gender (male or female), and race (non-Hispanic Black, non-Hispanic White, Mexican American, Other Hispanic, and Other). Body mass index (BMI) was calculated using height and weight data obtained during the NHANES mobile physical examination. Patients with a BMI >30 were categorized as obese while those ≤30 were categorized as non-obese. Participants were considered sedentary if they had ≥600 min of sedentary activity in a typical day and categorized as non-sedentary if they had <600 min/d of sedentary activity. Smoking and drinking status were classified according to the participants’ self-reported questionnaire responses. A respondent was defined as a non-smoker if they had smoked <100 cigarettes in their lifetime, and defined as a former smoker if they had smoked ≥100 cigarettes in their lifetime but did not smoke currently. Individuals who reported still smoking every day or on some days were defined as current smokers (27). Participants were further categorized as non-drinkers, light drinkers (1 to <30 drinks/month), or heavy drinkers (≥30 drinks/month). Diabetes, fatty liver, thyroid disease, and history of cancer were defined based on self-reported responses or confirmed clinical diagnoses (28–30).



2.5 Statistical analysis

Sample design and weights for the complex multi-stage cluster survey were considered using the Centers for Disease Control and Prevention (CDC) guidelines for the analysis of NHANES data. Participant characteristics were presented as means with standard deviation, SD for continuous variables, and the unweighted number of participants and weighted percentages (%) for categorical variables. Continuous variables were compared among groups using the Wilcoxon rank-sum test for complex survey samples and categorical variables were compared among groups using a weighted Chi-square test.

Sample-weighted logistic regression models were used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) were used to measure associations between DII/E-DII scores and GSD. Four models were used after analyzing and adjusting for confounding factors. Model 1 represented the unadjusted crude model, model 2 was adjusted for sociodemographic variables (age group, sex, race, and ethnicity), and model 3 was based on model 2 and further adjusted for health-related and lifestyle factors, including sedentary activity, obesity, alcohol drinking status, smoking status, fatty liver, diabetes, and thyroid disease. To avoid over-adjustment, metabolic syndrome was defined as the presence of obesity, fatty liver, and/or diabetes (31). Model 4 was based on model 2 and further adjusted for sedentary activity, alcohol drinking status, smoking status, thyroid disease, and metabolic syndrome.

Restricted cubic splines were used to assess the dose–response relationship between GSD and DII scores, using four knots at prespecified locations according to the 5th, 35th, 65th, and 95th DII score percentiles. Subgroup analyzes were conducted using stratified multivariate regression analysis to assess the interaction between DII scores and specific covariates. p values for interactions across subgroups were calculated using the likelihood ratio test.

Given that the inclusion of the element of alcohol in the DII calculation, and data on alcohol consumption (n = 205) accounted for the largest proportion of the population participants with missing covariates (n = 360), sensitivity analyzes were performed to assess the robustness of the associations between DII and GSD after excluding alcohol intake (n = 7,539).

All statistical analyzes were performed with R software version 4.2.3 (R Core Team, Vienna, Austria. http://www.r-project.org/) using the survey package, version 4.1–1. All statistical tests were two-sided, and significance was considered at p < 0.05.




3 Results


3.1 Participant characteristics

A total of 7,334 participants were included in the study analyzes for DII. The general characteristics of the participants with and without GSD are shown in Table 1. Of these, 771 and 6,563 participants did and did not have GSD, respectively, for a prevalence of 10.5%. The DII scores ranged from −5.52 (highly anti-inflammatory) to +5.51 (highly pro-inflammatory). Participants with GSD had a significantly higher DII score than those without (1.68 vs. 1.23, p < 0.001, Table 2). Participants with GSD were older, more likely to be female, and had a higher BMI value than those without (all p < 0.001). Sedentary activity, alcohol drinking status, smoking status, fatty liver, diabetes, and thyroid disease were also significantly associated with GSD (all p < 0.05).



TABLE 1 Characteristics of January 2017–March 2020 NHANES participants.
[image: Table1]



TABLE 2 Dietary inflammatory index (DII) scores for January 2017–March 2020 NHANES participants with and without gallstone disease.
[image: Table2]

In further, the E-DII scores ranged from −5.25 to +5.33. There was no statistically significant difference of E-DII score between the two groups in the univariate analysis (Supplementary Table S1).



3.2 Association between DII/E-DII score and GSD risk

The association between the DII/E-DII score and the risk of GSD was determined using a sample-weighted multivariable logistic regression model (Table 3) and remained stable in each adjusted model. A higher DII score was associated with an increased risk of GSD (model 1, OR 1.22, 95% CI 1.12–1.32; model 2, OR 1.16, 95% CI 1.06–1.27; model 3, OR 1.10, 95% CI 1.00–1.20; model 4, OR 1.12, 95% CI 1.02–1.22). After full adjustment (model III), DII was associated with the presence of gallstones (OR 1.10, 95% CI 1.00–1.20). This association remained statistically significant after DII scores were grouped into tertiles. Subjects with the highest tertile DII scores had a higher risk of GSD than those with the lowest tertile DII scores (OR 1.52, 95% CI 1.19–1.93). The data also indicated that there was a linear relationship between DII scores and GSD (p for trend <0.05). Furthermore, multivariable-adjusted restricted cubic spline regression demonstrated a significant dose–response relationship between DII scores and the risk of GSD (Figure 2).



TABLE 3 Association between DII/E-DII and the presence of gallstone disease (GSD) among January 2017–March 2020 NHANES participants.
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FIGURE 2
 The restricted cubic spline for the association between dietary inflammatory index (DII) scores and gallstone disease (GSD).


Similar results of E-DII with GSD were obtained when grouped into tertiles. Individuals with the highest tertile E-DII scores had a higher risk of GSD than those with the lowest tertile E-DII scores (model 1, OR 1.61, 95% CI 1.07–2.42; model 2, OR 2.33, 95% CI 1.61–3.36; model 3, OR 1.90, 95% CI 1.26–2.84; model 4, OR 2.07, 95% CI 1.36–3.16) (Table 3).



3.3 Subgroup analyzes

Results of the subgroup analyzes are shown in Figure 3. No significant interactions were identified (p for interaction >0.1 for all). Effect of DII on GSD was consistent across all nine pre-specified subgroups.

[image: Figure 3]

FIGURE 3
 Subgroup analyzes of the association between dietary inflammatory index (DII) and the development of gallstone disease (GSD). OR, odds ratio; CI, confidence interval. Sample-weighted logistic regression models were applied. Each stratification was adjusted for confounding factors such as age group, sex, race and ethnicity, sedentary activity, obesity, alcohol drinking status, smoking status, fatty liver, diabetes, and thyroid disease except the stratification factor itself.




3.4 Sensitivity analyzes

Excluding alcohol intake did not reduce the statistical significance of the relationship between DII score and GSD in any of the models (model 1, OR 1.22, 95% CI 1.12–1.32; model 2, OR 1.16, 95% CI 1.06–1.27; model 3, OR 1.11, 95% CI 1.01–1.23; model 4 OR 1.14, 95% CI 1.03–1.26) (Table 4).



TABLE 4 Association between dietary inflammatory index (DII) and the presence of gallstone disease (GSD) among January 2017–March 2020 NHANES participants, excluding alcohol intake.
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4 Discussion

This study investigated the association between DII scores and GSD using data from a nationally representative study, NHANES. A robust association between DII score and GSD was observed in US adults, indicating that a pro-inflammatory diet is positively associated with an increased risk of GSD. After adjusting for all confounding factors, individuals with the highest DII/E-DII scores were shown to be at higher risk of developing GSD than those with the lowest DII/E-DII scores (OR 1.52, 1.19–1.93 95% CI, p trend <0.05 for DII, OR 1.90, 95% CI 1.26–2.84 for E-DII, Table 3). A dose–response relationship was observed between DII scores and GSD risk using restricted cubic spline regression. This association was generally consistent across subgroups. Sensitivity analysis confirmed the robustness of the primary analysis.

In recent years, the role of diet in regulating inflammation and affecting health has received widespread attention. The DII, developed by Shivappa et al. (18), is a reliable quantitative tool for evaluating the effects of diet on health by linking inflammatory cytokine levels in the blood to the outcomes of various chronic diseases (19). It was based on six of the most commonly studied inflammatory markers including IL-1β, IL-4, IL-6, IL-10, CRP, and TNF-α, and is used to quantitatively evaluate the anti- and pro-inflammatory effects of food (18, 19). A pro-inflammatory diet, that is, the higher DII score, is associated with an increased risk of several chronic noncommunicable diseases (NCD) (14, 20, 32–34), including metabolic syndrome and related diseases, cardiovascular and cerebrovascular diseases, cancers of various anatomic sites and depression and other mental health outcomes.

To the best of our knowledge, this is the first large population-based cross-sectional study to explore the association between a pro-inflammatory diet and GSD risk among a US population. One previous cross-sectional study, conducted using the Dena cohort, examined the association between DII scores and GSD (35). In contrast to findings from the current study, this report found that a pro-inflammatory diet was associated with a reduced risk of GSD. Due to the population restrictions of the geographic area, most of the participants had a similar diet and DII scores, which ranged from −0.4 to 1.43, so highly pro- or anti-inflammatory dietary data were lacking. Other studies that have synthesized and reviewed global database information have found that when the DII index covers all 45 food parameters, scores could range from −8.87 to +7.98. When it only refers to 25–30 parameters, the theoretical range of DII is usually from −5.5 to +5.5 (18, 19). Thus, the prior cross-sectional study may not be representative of people who consume a wide range of rich diets. While DII scores in the current study ranged from −5.52 (most anti-inflammatory) to +5.51 (most pro-inflammatory), which was consistent with most previous findings (18, 19). In addition, compared to the 4.3% incidence of GSD in the prior cross-sectional study (median DII −0.08), the GSD incidence in the current study was 10.5% (median DII 1.29). This reflects a likely correlation between the consumption of a pro-inflammatory diet and the development of GSD. Another case–control study was consistent with our results, in which the higher DII score, serum inflammatory and oxidative stress biomarkers were related to higher risk of GD in Iranian women (36). In our research, the E-DII was further calculated and analyzed for adjusting the effect of total energy intake, which indicated a stable and consistent correlation between E-DII and GSD.

Cholelithiasis is a critical public health issue and current researches suggest that three major pathogenic abnormalities are involved in the formation of gallstones: supersaturated gallbladder bile, precipitation and nucleation of excess cholesterol, and gallbladder hypomotility (1). Previous studies indicated that inflammation played an important role in the formation of gallstones (9, 37, 38). Higher levels of circulating inflammatory proteins and cytokines, including IL-1α, IL-6, IL-8, IL-10, IL-12 (p70), IL-13, CRP and tumor necrosis factor (TNF-α), were significantly associated with the increased risk of GSD (9, 37, 39–41). Inflammation-related histopathological changes occur in the gallbladder wall prior to the formation of cholesterol gallstones in both animal models and humans (37, 38, 42).Pro-inflammatory diet may increase the levels of circulating inflammatory proteins and cytokines in serum, which contributes to gallbladder wall fibrosis, and the impairment of gallbladder contractility (42). In addition, pro-inflammatory cytokines may lead to mucin hypersecretion, which plays an important role in the cholesterol nucleation process (41). The gallbladder hypomotility and mucin-related cholesterol nucleation predispose to the formation of gallstones (37, 43). The biological mechanisms underlying the association between pro-inflammatory diet and GSD would benefit from further researches.

This study had still several limitations. Firstly, given the cross-sectional study design of NHANES, the causal relationship between DII/E-DII scores and GSD could not be determined. Secondly, dietary data, GSD, and confounding factors were obtained from interviews or patient self-report questionnaires in the NHANES database, and are associated with an inevitable recall bias. Finally, while a sensitivity analysis was conducted, several participants were excluded due to the lack of data, which may have impacted the findings. A well-designed prospective cohort study will be necessary to explore the deeper relationship between DII/E-DII scores and GSD.



5 Conclusion

In conclusion, our findings indicate that a pro-inflammatory diet, that is, higher DII/E-DII scores, was positively associated with a higher risk of GSD. These findings indicate that pro-inflammatory dietary patterns can promote the formation of gallstones. Active dietary management and intervention should be considered to prevent the development of GSD.
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