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Abstract

Background Gallstones are strongly associated with eating occasion (EO) and energy distribution, but few

studies have addressed this aspect. Therefore, we utilize the data from 2017 to 2018 National Health and Nutrition
Examination Survey (NHANES) to explore the association between temporal eating patterns and energy distribution
patterns with the incidence of gallstones.

Methods Our study comprised participants who completed the NHANES dietary intake interview and self-reported
health questionnaire at age 20 or older. The self-report method for gallstones (have you ever been told by a doctor)
was used. We use the latent class analysis (LCA) identified temporal eating patterns, and identified energy distribution
patterns through latent profile analysis (LPA). The association between temporal eating patterns, energy distribution

patterns, and gallstones was examined using logistic regression modeling.

Results The study included a total of 4,692 participants. LCA identified four temporal eating patterns labeled as
“Conventional,Early breakfast,“Later breakfast,’and “Grazing Compared to the “Conventional” pattern, the “Early
breakfast” pattern (OR 0.809, 95%CI| 0.808-0.811) was associated with a reduced risk of gallstones, while the “Later
breakfast” (OR 1.435, 95%C| 1.432-1.438) and “Grazing" (OR 1.147,95%Cl 1.145-1.148) patterns were associated with an
increased risk of gallstones. LPA identified four energy distribution patterns labeled as “Guideline,"High carbohydrates,’
“Carbs-fat balance,"and “High fat”The “High carbohydrates” pattern (OR 1.329, 95%Cl 1.326-1.331) was associated with

an increased risk of gallstones compared to the “Guideline” pattern. The “Carbs-fat balance” pattern (OR 0.877, 95%Cl
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0.876-0.879) and the "High fat” pattern (OR 0.848, 95%Cl 0.846-0.850) were significantly and negatively associated with

the risk of gallstones.

Conclusions To summarize, inappropriate timing of eating and energy sources are associated with gallstones. As a
dietary prevention measure for gallstones, we suggest adhering to a regular eating routine and avoiding overly casual
and frequent food consumption. If the main EO routine occurs in the morning, this time should not exceed 9:00 a.m.
Additionally, reducing carbohydrate intake and maintaining a moderate level of fat intake is believed to contribute to

a lower risk of gallstones.

Keywords Gallstone, Eating occasion, Temporal eating patterns, NHANES, Macronutrients, Carbohydrate, Latent class

analysis, Latent profile analysis

Introduction

Gallbladder stones represent one of the most prevalent
gastrointestinal diseases, affecting approximately 10-15%
of the adult population in the United States (U.S.) [1].
According to the National Health and Nutrition Exami-
nation Survey III [2], over 20 million American adults
grapple with gallbladder stones, incurring an estimated
cost exceeding $6 billion [3, 4]. The burden of gallstone
disease in the United States is considerable and trending
upward [5].

The formation of gallbladder stones results from a
complex interplay of genetics, environmental factors, and
lifestyle choices. Numerous studies have explored the risk
factors associated with gallbladder stones, yet definitive
conclusions remain elusive [6]. Unmodifiable risk factors
include age, gender, race, and family history, while modi-
fiable factors encompass obesity, comorbidities, diet, and
physical activity [6]. Among these, diet emerges as a pri-
mary modifiable risk factor, drawing significant attention
from researchers [6, 7]. A growing body of evidence links
various foods (meat, nuts, fats, vegetables, coffee, etc [7]).
and dietary patterns (such as the Western dietary pattern
[8], Mediterranean dietary pattern [9], rice dietary pat-
tern [10], etc.) to the development of gallbladder stones.
Among the multitude of foods and nutrients studied,
energy intake appears to be the sole identified risk factor
[7, 11]. Excessive energy intake can lead to elevated BMI
or obesity, subsequently influencing gallbladder stone
formation through impaired gallbladder dynamics [12],
insulin resistance, and abnormal lipid metabolism [13,
14]. Conversely, low energy intake resulting from skipped
meals or rapid weight loss may increase bile cholesterol
saturation and reduce the stimulation of the gallbladder,
thereby affecting emptying and ultimately elevating the
risk of stone formation [15].

Nevertheless, as research advances and the field of
Chrono-nutrition gains prominence [16], it becomes
evident that the quantity of energy intake alone does not
entirely elucidate the relationship between energy and
health outcomes. Inappropriately timed energy acqui-
sition can contribute to adverse consequences such
as weight gain, obesity, and metabolic disorders [17].

Notably, randomized clinical trials demonstrate that
adjusting the temporal pattern of the diet may yield more
significant benefits than altering the amount of energy
intake [18].

Existing studies have primarily examined the relation-
ship between the quantity of energy intake and gall-
bladder stones in isolation, which proves inadequate in
explaining their association [7], especially considering
that eating events at different times substantially influ-
ence gallbladder emptying [19]. The introduction of
temporal eating patterns addresses this gap effectively,
employing latent class analysis (LCA), a data-driven
analytic approach, to explore the connection between
the timing of food intake or Eating Occasions (EO) and
health outcomes [20, 21]. Unlike prior studies that sub-
jectively and arbitrarily assessed eating time periods [22],
this approach enables the identification of distinctive
temporal eating patterns from dietary data without the
need for predefined eating times.

This study aims to employ the innovative approach of
LCA to investigate the association between temporal eat-
ing patterns and the occurrence of gallbladder stones in
U.S. adults. Furthermore, considering that energy intake
is derived from the three major essential nutrients—
carbohydrates, proteins, and fats—and the relationship
between these nutrients and gallbladder stones remains
a subject of controversy [23], we will utilize latent pro-
file analysis (LPA) to delve deeper into the connection
between energy distribution patterns and the presence of
gallbladder stones.

Method

Data collection and research population

The data for our study were sourced from the 2017-
2018 National Health and Nutrition Examination Sur-
vey (NHANES), a continuous survey administered by
the National Center for Health Statistics (NCHS) at the
Centers for Disease Control and Prevention (CDC) in the
United States. In the 2017-2018 cycle, a total of 8,704
participants were initially enrolled. After excluding indi-
viduals with incomplete dietary data (n=1,064), those
below the age of 20 (2=2,899), participants with missing
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information on gallbladder stones (#=10) and pregnant
(n=39). This study ultimately included 4,692 eligible
subjects.

Study variables

The prevalence of gallbladder stones in the subjects was
assessed by the following questionnaire, “Have you ever
been told you have gallstones?. Additionally, our study
collected information on various factors that could
potentially influence the prevalence of gallbladder stones.
These factors encompassed family demographic details,
lifestyle habits, and self-reported health status (Supple-
mentary Table 1).

Family demographic information included: sex (male/
female), age (years), race (Mexican American, Other His-
panic, Non-Hispanic White, Non-Hispanic Black, Other
race), marital status (Married, Widowed, Divorced, Sepa-
rated, Never married, Living with partner), educational
level (Less Than 9th Grade, 9-11th Grade, High School
Grad/GED or Equivalent, Some College or AA degree,
College Graduate or above), poverty income ratio (PIR,
<1.3, 21.3 and<3.5, 23.5). Drinking status is categorized
as: never (had<12 drinks in lifetime); former (had>12
drinks in 1 year and did not drink last year, or did not
drink last year but drank>12 drinks in lifetime); mild
(had>1 drinks per day for females, 22 drinks per day for
males); moderate (had>2 drinks per day for females, >3
drinks per day for males, or binge drinking>2 days per
month); heavy (had>3 drinks per day for females, >4
drinks per day for males). Smoking status is categorized
as: never (smoked less than 100 cigarettes in life); former
(smoked more than 100 cigarettes in life and smoke not
at all now); now (smoked moth than 100 cigarettes in life
and smoke some days or every day). Minutes sedentary
activity per day (Minutes). Current medical conditions
were based on self-reported outcomes including diabetes
mellitus (yes/impaired fasting glucose (IFG)/no), hyper-
tension (yes/no).

Dietary assessment

NHANES primarily employs the 24-hour Dietary Recall
Interview (DRI) as its key dietary assessment method.
This method gathers comprehensive data on all foods
consumed by respondents over a 24-hour period, includ-
ing the time of day each food item was consumed, mea-
sured in minutes [24]. We chose the first-day 24-h dietary
recall for the subsequent analyses [25, 26].

To enhance the nutritional analysis, respondents’
dietary information was linked to the USDA Food and
Nutrient Database for Dietary Studies (FNDDS), which
serves as a repository of nutrient content [27]. The
ENDDS encompasses information on thousands of food
items, allowing us to determine the energy and nutri-
ent content acquired by each respondent per meal using
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corresponding food codes. To facilitate analysis, the total
amounts of carbohydrates, fats, and proteins consumed
were initially measured in grams and then converted
to kilocalories (kcal). Subsequently, these values were
divided by the total energy intake over the course of the
day, yielding the percentage of total energy contributed
by each nutrient.

EO

EO was defined as any instance where the energy content
of the consumed food or drink exceeded 50 kcal (210 KJ),
and two consecutive EOs were separated by more than
15 min. To analyze EOs, we assessed each hour of the
first day’s dietary data for eligible subjects. Subsequently,
a dichotomous variable was generated to signify whether
an EO occurred at each specific point in time [20].

Statistical analysis

Descriptive analysis

The data were processed using R 4.2.1 software, and sub-
sequent descriptive analyses were carried out using SPSS
26.0 software. To address the intricate survey design of
NHANES data, we adhered to the survey instructions
and applied appropriate sampling weights. Participants
were categorized into two groups based on the pres-
ence or absence of gallbladder stones. For quantitative
data exhibiting a normal distribution, mean+standard
deviation (mean+SD) was employed for description, and
group differences were assessed using one-way analysis
of variance (ANOVA). For quantitative data with non-
normal distribution, values were expressed as median
and quartiles [M (Q1, Q3)], and group comparisons were
conducted using the Mann-Whitney U test. Categorical
variables were described using percentages, and group
comparisons were made using the chi-square test (x2).
Statistical significance was considered at P-values <0.05.

Latent classes of temporal eating patterns

Latent classes analysis (LCA) was conducted using
M-Plus Version 8.3 (Muthen & Muthen, Los Angeles,
CA, USA). LCA is a statistical technique designed for
identifying latent categories based on categorical vari-
ables. In this study, a dichotomous categorical variable,
EO, was created as an input variable for LCA by exam-
ining participants’ hourly energy intake. The LCA pro-
cess involved initially testing models with two potential
categories, followed by the gradual addition of more
categories until determining the optimal number of
potential categories. The final number of categories was
determined through: (1) Evaluation of model fit metrics,
including Akaike Information Criterion (AIC) and Bayes-
ian Information Criterion (BIC), with a smaller value
indicating a better model fit. (2) Lo-Mendell-Rubin Like-
lihood Ratio Test (LMRLRT) and Bootstrap Likelihood
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Ratio Test (BS-LRT), comparing k and k-1 class models,
where k is the number of potential classes. (3) Model
Interpretability [20]. These criteria collectively guided the
selection of the most appropriate number of categories in
the LCA model.

Latent profile of energy distribution patterns
LPA was conducted using M-Plus Version 8.3 (Muthen &
Muthen, Los Angeles, CA, USA). LPA is a statistical tech-
nique utilized for identifying latent categories based on
continuous variables. In this study, LPA was employed to
discern participants’ energy distribution characteristics,
considering three continuous variables: carbohydrate,
protein, and fat ratios to total energy. Initially, models
with two potential categories were tested, and additional
categories were incrementally introduced until determin-
ing the optimal number. The final number of categories
was established using the same criteria as for LCA.
Following these procedures, both LCA and LPA cat-
egorized the population into four distinct groups, deter-
mined as the most appropriate outcome. Subsequently,
multivariate binary logistic regression was conducted,
adjusting for confounding variables such as age, sex, eth-
nicity, marital status, education, poverty income ratio
(PIR), alcohol consumption, smoking, sedentary time,
diabetes, and hypertension. This regression aimed to
investigate the association of temporal eating patterns
and energy distribution patterns with gallbladder stones.
The results were expressed through odds ratios (OR) and
95% confidence intervals (CI), with statistical significance
set at P<0.05.

Results

Participants’ characteristics

The essential demographic characteristics of the par-
ticipants are outlined in Table 1. The overall weighted
prevalence of gallbladder stones stood at 11.4%, with
prevalence rates of 16.0% for women and 6.4% for men.
In comparison to the normal group, the population with
gallbladder stones tended to be older, predominantly
female, and exhibited a higher proportion of individuals
being divorced or widowed. Moreover, this group dis-
played a lower prevalence of smoking and alcohol con-
sumption, engaged in more sedentary behavior, and had
a higher incidence of accompanying conditions such as
hypertension and diabetes mellitus (P<0.05).

Latent classes of temporal eating patterns

The model fit indices for LCA are outlined in Supplemen-
tary Table 2. Each categorization demonstrated statistical
significance surpassing the previous one, and we opted
for the four-category model for enhanced interpretability.
The category labels are characterized based on the high
or low probability of an EO occurring throughout the
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day. The four identified categories of temporal eating pat-
terns are detailed in Fig. 1.

The first pattern, labeled “Conventional” pattern,
exhibits three distinct peaks for breakfast (7:00), lunch
(12:00), and dinner (16:00), aligning with traditional meal
times. Both Class 2 and Class 3 demonstrate a very high
probability (>0.9) of EOs occurring specifically at break-
fast time, with no significant probability of EOs occurring
at any other time of the day. There is a 1-hour difference
between the two classes, leading to the designation of
Class 2 as “Early breakfast” pattern and Class 3 as “Later
breakfast” pattern. In contrast, Class 4 is characterized
by frequent but not significant peaks in the probability of
EO occurrence (probability<0.4 in all cases), earning the
label “Grazing” pattern.

Table 2 shows the basic characteristics of each cat-
egory. Participants in the “Conventional” pattern exhib-
ited the highest percentage of males, the most favorable
economic status, and the lowest incidence of hyperten-
sive disease and diabetes compared to other categories
(P<0.001).Participants in the “Early breakfast” pattern
were older, more likely to be female, more likely to be
married, possessed the highest educational attainment,
fewer smokers and drinkers, higher rates of hyperten-
sion and diabetes, and lower rates of gallbladder stones
(P<0.001). Participants following the “Later breakfast”
pattern were the least educated, had the most sedentary
behavior, and displayed the highest percentage of gall-
bladder stones (P<0.001). Participants in the “Grazing”
pattern were younger, more likely to be unmarried or
divorced, faced greater economic challenges, and had a
higher proportion of smokers (P<0.001).

Associations between temporal eating patterns and
gallstone

In the unadjusted model, a significant positive correlation
with gallbladder stones was observed in all other patterns
compared to the “Conventional” model (P<0.001). Upon
adjusting for covariates in model 2, the odds ratio for the
“Early breakfast” pattern was 0.809 (95% CI 0.808, 0.811),
indicating a significant association with a reduced risk of
gallbladder stones (P<0.001). Conversely, both the “Later
breakfast” and “Grazing” patterns were significantly and
positively associated with gallbladder stones (P<0.001),
with odds ratios of 1.435 (95% CI 1.432, 1.438) and 1.147
(95% CI 1.145, 1.148), respectively (Table 3).

Latent profiles of energy distribution patterns

The model fit indices for LPA are presented in Supple-
mentary Table 3. Each categorization demonstrated sta-
tistical significance compared to the previous one, and
the four-category model were selected to improve inter-
pretability finally. The characteristics of the category
labels are based on the probability of how much the
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Table 1 Characteristics of the participants'

Without gallstone With gallstone All P-value
n 4163 529 4692

Age(year)2 47.0(32.0,61.0) 59.0 (47.0,70.0) 48.0(33.062.0 <0.001
Sex, %

Female 489 728 516 <0.001
Male 51.1 27.2 484

Eth, %

MA 9.1 74 89

NHB 12.2 7.5 1.7

NHW 615 66.4 62.0

OH 6.8 6.6 6.8

OR 104 12.0 10.6

Marital, % <0.001
Married 529 50.1 526

Widowed 49 144 6.0

Divorced 10.0 1.8 10.2

Separated 2.7 24 2.7

Never married 20.1 15.1 19.5

Living with partner 9.5 6.1 9.1

Edu, % <0.001
Less than 9th grade 36 29 35

9-11th grade 7.2 7.1 7.2

High school graduate/GED or equivalent 279 30.0 28.1

Some college or AA degree 30.5 347 310

college graduate or above 309 253 302

PIR, % <0.001
<13 24.5 26.1 24.6

>13,<15 309 37.1 31.6

>35 446 36.8 437

Sedentary time(min)? 300.0 (180.0,480.0) 360.0 (240.0,480.0) 300.0 (180.0,480.0) <0.001
Alcohol user, % <0.001
Never 8.2 109 8.5

Mild 455 458 455

Moderate 219 221 219

Heavy 244 212 241

Smoke, % <0.001
Never 587 519 57.9

Former 239 332 24.9

Now 175 14.9 17.2

Hypertension, % <0.001
No 61.7 415 594

Yes 383 585 40.6

DM, % <0.001
No 794 65.0 77.8

IFG 64 83 6.7

DM 14.1 26.7 155

Energy intake(kcal)? 2001.0 (1486.0,2685.0) 1770.0 (1325.0,2462.0) 1984.0 (1468.0,2668.0) <0.001

'All results were survey-weighted except for counts of categorical variables;
2Median (25%,75%)

PIR, Poverty income ratio; MA, Mexican American; OH, Other Hispanic; NHW, Non-Hispanic White; NHB, Non-Hispanic Black; OR, Other race; DM, Diabetes Mellitus;
IFG, Impaired Fasting Glucose
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Fig. 1 Conditional probabilities of eating occasion consumption across the day by latent class membership. Lines with a diamond represent the “Con-
ventional”temporal eating pattern. Dashed lines with a triangle represent the “Later breakfast”temporal eating pattern. Lines with a square represent the
“Conventional”temporal eating pattern. Dashed lines with a cross represent the “Grazing” temporal eating pattern

intake of carbohydrates, proteins, and fats contributes to
the total energy during the day. Figure 2 depicts the four
identified energy distribution patterns.

The distribution of the three macronutrients in the first
model aligns with the Dietary Guidelines for Americans
[28], hence labeled “Guideline” pattern. Participants in
Class 2 derived 69.3% of their daily energy intake from
carbohydrates, earning the designation “High carbo-
hydrates” pattern. In Class 3, carbohydrate intake was
slightly lower, and fat intake slightly higher, leading to
the label “Carbs-fat balance” pattern. Class 4 participants
predominantly sourced their energy from fat, constitut-
ing half of the daily energy intake and earning the label
“High fat” pattern.

Table 4 outlines the fundamental characteristics of each
identified energy distribution pattern. The major findings
include: Participants following the “Guideline” pattern
exhibited a lower prevalence of hypertension and more
frequent alcohol consumption compared to other pat-
terns (P<0.001). Participants in the “High carbohydrates”
pattern were prone to being divorced, better educated,
higher income, and had higher rates of comorbid diabe-
tes and gallbladder stones (P<0.001). Participants in the
“Carbs-fat balance” pattern were older, more likely to be
married, less likely to smoke, and displayed higher rates
of hypertension (P<0.001). Participants in the “High fat”
pattern had a poorer economic status, were more seden-
tary, smoke more frequently, and had lower rates of dia-
betes and gallstones (P<0.001).

Association between energy distribution patterns and
gallstones

In the unadjusted model, the “High carbohydrates” and
“High fat” patterns were positively associated with the

occurrence of gallbladder stones (P<0.001), while the
“Carbs-fat balance” pattern was negatively associated
with the occurrence of gallbladder stones (P<0.001).
After adjusting for confounders, the “High carbohy-
drates” pattern was linked to an increased risk of gall-
bladder stones (P<0.001), with an OR of 1.329 (95% CI
1.326, 1.331). In contrast, both the “Carbs-fat balance”
and “High fat” patterns were significantly and negatively
correlated with gallbladder stones (P<0.001), with OR
of 0.877 (95% CI 0.876, 0.879) and 0.848 (95% CI 0.846,
0.850), respectively (Table 5).

Association between energy distribution patterns and
temporal eating patterns with gallstones

To comprehensively assess the relationship between eat-
ing time and macronutrients with the risk of gallbladder
stones, a joint analysis of temporal eating patterns and
energy distribution patterns was conducted (Table 6). In
the unadjusted model, the “Carbs-fat balance” pattern
was negatively associated with the occurrence of gall-
bladder stones (P<0.001), while the remaining temporal
eating patterns and energy distribution patterns were
positively associated with the occurrence of gallbladder
stones (P<0.001).

After adjusting for confounders, the results remained
consistent with those of the separate analyses. Among
the temporal eating patterns, the “Early breakfast” pat-
tern was negatively associated with the occurrence of
gallbladder stones (P<0.001), while the “Later breakfast”
pattern and the “Grazing” pattern were positively associ-
ated with the occurrence of gallbladder stones (P<0.001).
Among the energy distribution patterns, the “High car-
bohydrates” pattern was associated with an increased risk
of gallbladder stones (P<0.001), whereas the “Carbs-fat



Zhang et al. BMC Public Health (2024) 24:2994 Page 7 of 14

Table 2 Characteristics of the participants by latent class of temporal eating patterns'

Conventional Early breakfast Later breakfast Grazing P-value
Variable (n=893) (n=1001) (n=863) (n=1935)
Agel(year)? 50.0(35.061.0) 53.0(36.0,66.0) 49.0(33.061.0) 47.0(32.0,60.0) <0.001
Sex, % <0.001
Female 47.2 56.3 52.7 51.0
Male 528 437 473 49.0
Eth, % <0.001
MA 93 9.2 7.6 9.1
NHB 79 10.0 13.1 136
NHW 66.2 60.8 60.1 615
OH 5.1 85 9.2 57
OR 1.4 116 10.0 10.1
Marital, % <0.001
Married 57.3 61.0 532 46.0
Widowed 4.1 8.7 48 6.0
Divorced 9.6 9.5 9.0 114
Separated 3.1 1.9 24 3.0
Never married 188 11.5 219 226
Living with partner 7.1 74 87 1.0
Edu, % <0.001
Less than 9th grade 37 34 4.6 3.0
9-11th grade 57 76 74 76
High school graduate/GED or equivalent 242 235 312 308
Some college or AA degree 322 302 299 312
college graduate or above 342 352 269 274
PIR, % <0.001
<13 21.7 234 239 27.0
>13,<15 24.3 33.1 33.0 338
>35 54.0 43.5 431 392
Sedentary time(min)? 300.0 (180.0,480.0) 300.0 (180.0,480.0) 300.0 (240.0,480.0) 300.0 (180.0,480.0) <0.001
Alcohol user, % <0.001
Never 53 9.2 10.8 8.8
Mild 48.7 49.2 46.3 419
Moderate 224 240 16.3 23.1
Heavy 236 17.6 266 26.2
Smoke, % <0.001
Never 59.5 63.3 574 548
Former 24.0 24.8 26.1 24.9
Now 16.5 1.9 16.5 20.3
Hypertension, % <0.001
No 63.5 534 56.9 61.5
Yes 365 46.6 431 385
DM, % <0.001
No 80.0 755 76.5 785
IFG 74 6.7 58 6.6
DM 126 17.8 17.7 14.9
Energy intake(kcal)? 2068.0 (1556.0,2807.0)  2054.0 (1584.0,2655.0)  2095.0 (1509.0,2751.0)  1846.0 (1365.0,2584.0) <0.001
Gallstone, % <0.001
No 89.7 89.7 87.2 88.2
Yes 103 103 128 11.8

TAll results were survey-weighted except for counts of categorical variables
2Median (25%,75%)

PIR, Poverty income ratio; MA, Mexican American; OH, Other Hispanic; NHW, Non-Hispanic White; NHB, Non-Hispanic Black; OR, Other race; DM, Diabetes Mellitus;
IFG, Impaired Fasting Glucose
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Table 3 Odds ratios (OR) and 95% confidence intervals (Cl) for gallstone according to temporal eating patterns '

Temporal eating patterns n (%) Model 1 P-value Model 2 P-value
Conventional 893 (19.9) Ref. Ref.
Early breakfast 1001 (20.1) 1.001(1.000,1.002) 0.114 0.809(0.808,0.811) <0.001
Later breakfast 863 (18.1) 1.285(1.283,1.286) <0.001 1.435(1.432,1.438) <0.001
Grazing 1935 (41.9) 1.166(1.165,1.168) <0.001 1.147(1.145,1.148) <0.001

T All results were survey-weighted except for sample counts

Model 1: unadjusted; Model 2: adjusted by age, gender, race, marital, education level, poverty income ratio, smoke, alcohol user, sedentary time, hypertension,

diabetes mellitus and energy intake

100% 1
90%
80% -
70% A
60% A
50% A
40% A

30% 1

Energy contribution percentage

20% A

10% A

0% -

Guideline,38.9%

High carbohydrates,8.3%

mProtein mCarbohydrate ®Fat

Carbs-fat balance,41.6% High fat,11.2%

Four profiles of energy distribution

Fig. 2 Four energy distribution patterns based on carbohydrate, protein, and fat percentages of energy

balance” and “High fat” patterns were associated with a
decreased risk of gallbladder stones (P<0.001).

Subgroup analysis

To assess the stability of the results, subgroup analyses
were conducted (Supplementary Tables 4 and Supple-
mentary Table 5). Notably, the “Grazing” pattern in the
temporal eating patterns exhibited varying effects in the
gender groups. In the male group, the “Grazing” pattern
displayed a negative association with the occurrence of
gallbladder stones, with an OR of 0.917 (95% CI 0.915,
0.920). Additionally, the “Early breakfast” pattern indi-
cated an increased risk of gallbladder stones in the age
subgroup of individuals over 60 years, with an OR (95%
CI) of 1.579 (1.592, 1.603). Conversely, the energy distri-
bution patterns remained relatively stable, showing no
differential effects in either age or sex subgroups.

Discussion

The present study employed LCA and LPA, introduc-
ing a novel approach to investigate, for the first time,
the relationship between temporal eating patterns and
energy distribution patterns with gallbladder stones in a
representative sample of adults from the United States
(U.S.). The primary temporal eating patterns, namely

“Conventional,” “Early breakfast,” “Later breakfast,” and
“Grazing,” were identified among American adults in this
study through LCA. The “Grazing” pattern, marked by
frequent and random EOs, is associated with an elevated
risk of gallbladder stones. Both the “Early breakfast” and
“Later breakfast” patterns exhibited an early morning
peak in EO. The findings suggested that the “Later break-
fast” pattern, characterized by a delayed morning eating
event, increased the risk of gallbladder stones, whereas
the “Early breakfast” pattern, featuring an earlier main
eating event, was linked to a reduced risk of gallbladder
stones. Furthermore, four prominent energy distribu-
tion patterns - “Guideline,” “High carbohydrates,” “Carbs-
fat balance;” and “High fat” - were identified among U.S.
adults through LPA. The “High carbohydrate” pattern,
involving obtaining energy mainly from carbohydrates
throughout the day, was associated with an increased risk
of developing gallstones. Conversely, reducing carbohy-
drates and increasing the proportion of fat might have
been correlated with a decreased risk of gallstones. This
comprehensive analysis provided valuable insights into
the intricate interplay between temporal eating patterns,
energy distribution, and the risk of gallbladder stones in
the U.S. adult population.
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Table 4 Characteristics of the participants by potential profile models of the energy contribution’
Guideline High carbohydrates  Carbs-fat balance High fat P-value
Variable (n=1763) (n=394) (n=1956) (n=579)
Agel(year)? 47.0(32.0,62.0) 48.0 (33.0,63.0) 50.0 (35.0,62.0) 47.0(33.061.0) <0.001
Sex, % <0.001
Female 50.2 545 513 555
Male 49.8 455 48.7 44.5
Eth, % <0.001
MA 8.2 95 9.2 9.7
NHB 1.8 1.3 1.5 121
NHW 63.7 63.8 60.7 59.8
OH 6.9 53 72 6.0
OR 94 10.1 114 125
Marital, % <0.001
Married 520 509 535 522
Widowed 56 7.7 6.2 50
Divorced 8.8 99 11.0 123
Separated 2.2 39 24 47
Never married 232 194 16.5 17.8
Living with partner 82 82 104 8.0
Edu, % <0.001
Less than 9th grade 36 45 3.1 39
9-11th grade 7.0 6.9 6.7 9.7
High school graduate/GED or equivalent 254 239 315 282
Some college or AA degree 308 30.1 315 303
college graduate or above 332 346 272 279
PIR, % <0.001
<13 24.1 27.2 23.8 277
>13,<15 30.0 238 332 370
>35 459 49.0 43.0 353
Sedentary time(min)? 300.0 (180.0,480.0) 300.0 (180.0,480.0) 300.0 (240.0,480.0) 360.0 (240.0,480.0) <0.001
Alcohol user, % <0.001
Never 8.1 6.7 9.3 8.2
Mild 452 450 457 46.2
Moderate 209 235 218 249
Heavy 258 24.8 232 20.7
Smoke, % <0.001
Never 58.7 544 59.2 529
Former 24.2 253 25.1 266
Now 171 204 15.7 20.5
Hypertension, % <0.001
No 62.7 60.0 556 62.1
Yes 373 40.0 444 379
DM, % <0.001
No 799 741 75.1 83.2
IFG 57 85 7.8 4.2
DM 14.3 174 17.1 126
Energy intake(kcal)? 1973.0 (1438.5,2664.5) 2103.0(1514.0,2752.0) 1913.0(1397.0,2577.0) 1842.0 (1466.0,2414.0) <0.001
Gallstone, % <0.001
No 88.0 82.0 88.9 894
Yes 12.0 180 11. 10.6

TAll results were survey-weighted except for counts of categorical variables

2Median (25%,75%)

PIR, Poverty income ratio; MA, Mexican American; OH, Other Hispanic; NHW, Non-Hispanic White; NHB, Non-Hispanic Black; OR, Other race; DM, Diabetes Mellitus;

IFG, Impaired Fasting Glucose
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Table 5 Odds ratios (OR) and 95% confidence intervals (Cl) for gallstone according to energy distribution patterns '

Energy distribution patterns n, % Model 1 P-value Model 2 P-value
Guideline 1763 (38.9) Ref. Ref.
High carbohydrates 394 (8.3) 0.849(0.848,0.851) <0.001 1.329(1.326,1.331) <0.001
Carbs-fat balance 1956 (41.6) 0.916(0.915,0.916) <0.001 0.877(0.876,0.879) <0.001
High fat 579(11.2) 0.871(0.870,0.873) <0.001 0.848(0.846,0.850) <0.001

! All results were survey-weighted except for sample counts

Model 1: unadjusted; Model 2: adjusted by age, gender, race, marital, education level, poverty income ratio, smoke, alcohol user, sedentary time, hypertension,

diabetes mellitus and energy intake

Table 6 Association of temporal eating patterns and energy distribution patterns with gallstones '

Joint analysis n (%) Model 1 P-value Model 2 P-value
Temporal eating patterns
Conventional 893 (19.9) Ref. Ref.
Early breakfast 1001 (20.1) 0.849(0.848,0.850) <0.001 0.883(0.881,0.884) <0.001
Later breakfast 863 (18.1) 0.856(0.855,0.857) <0.001 1.384(1.382,1.387) <0.001
Grazing 1935 (41.9) 1.102(1.100,1.103) <0.001 1.105(1.104,1.107) <0.001
Energy distribution patterns
Guideline 1763 (38.9) Ref. Ref.
High carbohydrates 394 (8.3) 0.832(0.831,0.833) <0.001 1.205(1.203,1.207) <0.001
Carbs-fat balance 1956 (41.6) 0.915(0.914,0.916) <0.001 0.915(0.914,0.917) <0.001
High fat 579(11.2) 0.862(0.861,0.864) <0.001 0.820(0.818,0.821) <0.001

! All results were survey-weighted except for sample counts

Model 1: unadjusted; Model 2: adjusted by age, gender, race, marital, education level, poverty income ratio, smoke, alcohol user, sedentary time, hypertension,

diabetes mellitus and energy intake

Two studies [19, 29] indicated that prolonged overnight
fasting was associated with an increased risk of gallblad-
der stones. The present study aligned with this finding,
as the “Later breakfast” pattern exhibits EO peaks later,
and the timing of dinner largely overlapped in differ-
ent patterns, suggesting that longer overnight fasting
times elevated the risk of gallbladder stones. Prolonged
fasting contributed to the retention of cholesterol over-
saturated bile, thereby promoting the formation of gall-
bladder stones [30]. Contrary to this, a recent study from
China did not find a significant association between over-
night fasting time and gallbladder stones [31]. However,
it was worth noting that this study did not consider the
frequency of overnight fasting times and lacked dietary
data for most of the daytime, potentially limiting its abil-
ity to fully capture the relationship between eating hab-
its and gallbladder stones. Unlike this study, our research
encompassed the timing of each meal throughout the day
and avoided isolating the effect of eating at a specific time
of day on gallbladder stones.

We also observed that the “Early breakfast” and “Later
breakfast” patterns, characterized by an EO peak during
the breakfast period, had the main eating event (EO peak)
earlier compared to the “Conventional” pattern. While
many intermittent fasting programs have demonstrated
varying degrees of metabolic and disease benefits [32],
this was not universally applicable. Despite the earlier EO
peak, there was a 1-2 h delay in the timing of the first
meal for both the “Early breakfast” and “Later breakfast”

patterns. The “Later breakfast” pattern exhibited an even
greater delay, influencing the timing of subsequent meals
with delayed EO peaks for both lunch and dinner. From
a “Chrono-nutrition” perspective [33], a delayed eating
window was associated with reduced insulin sensitiv-
ity, obesity, and metabolic syndrome, which may have
indirectly contributed to gallbladder stone formation. It
was noteworthy that studies related to intermittent eat-
ing often involved randomized clinical trials with strict
limits on participants’ energy intake and eating time win-
dow, making it challenging for the general population to
replicate such conditions. This may have explained why
participants in the “Later breakfast” pattern, despite hav-
ing earlier major eating events, did not experience the
anticipated benefits. Therefore, individuals whose pri-
mary eating time was during the breakfast period should
have aimed to finish by 9:00 a.m., and attention should
have been given to the timing of subsequent lunches and
dinners.

Early studies suggested that reducing meal frequency
might have increased the likelihood of gallstone forma-
tion [19], but our findings indicated that the frequent,
unstructured eating pattern of “Grazing” did not confer
benefits. Despite the promotion of gallbladder empty-
ing by frequent meals, this pattern was associated with
a significant metabolic burden [34]. Moreover, it led to
an increase in daily calorie intake and a decrease in diet
quality [35], possibly evolving into a pathological sub-
type of “compulsive” grazing [36], which could have
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had serious consequences for both physical and men-
tal health. In our study, 41.8% of participants exhibited
the “Grazing” pattern, reflecting a prevalent behavior. A
cross-sectional study in a representative Australian pop-
ulation found that up to 48.2% of participants engaged
in grazing behaviors in their diet [37]. Given the close
association of the “Grazing” pattern with various major
public health issues, further research is urgently needed
to elucidate the health impacts of the “Grazing” pattern
or grazing behaviors in the future.

Our results suggested that a high proportion of car-
bohydrates as a source of daily energy intake was par-
ticularly important for the development of gallbladder
stones, and this finding remained consistent across par-
ticipants of different genders and ages. The consumption
of excessive carbohydrates can contribute to the forma-
tion of gallbladder stones through various pathways.
These included increasing biliary cholesterol saturation
[38], decreasing gallbladder volume [39], shortening
the time for cholesterol crystal formation, and increas-
ing the mass of the crystals [39]. Additionally, it might
have caused steatocholecystitis leading to biliary dyski-
nesia [40]. Furthermore, insulin resistance, identified as
an independent risk factor for gallbladder stones [41],
was more significantly influenced by a high-carbohy-
drate diet than by a diet high in monounsaturated fats
[42]. However, it was crucial to note that the impact of
carbohydrates on chronic disease extended beyond the
percentage of dietary energy, and the type of carbohy-
drate was equally important [43]. Differentiating between
“good carbs” and “bad carbs” was essential, as failure to
do so might have explained why some studies did not
find a consistent association between carbohydrates
and gallbladder stones [44]. For instance, a prospective
study of pregnant women discovered that high fructose
intake increased the risk of gallbladder stones, and this
association was not solely related to total carbohydrate
intake [45]. Additionally, this study noted no association
between starch, sucrose, lactose, or galactose intake and
the risk of gallbladder disease, which was not entirely
consistent with recent findings. Excessive dietary levels
of simple carbohydrates, including glucose, fructose, lac-
tose, galactose, and maltose, were found to be associated
with an increased risk of gallbladder stones in a cross-
sectional Mexican study [46]. Therefore, further research
is needed to explore the specific effects of different types
of carbohydrates on gallbladder stones.

The role of fat in gallbladder stones was as controver-
sial as that of carbohydrates, and our results suggested
that increasing the proportion of fat might have helped
prevent gallbladder stones. Some studies have indicated
that maintaining a certain amount of dietary fat intake
can significantly reduce the risk of gallstones during
rapid weight loss by promoting gallbladder emptying
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and avoiding gallbladder stasis [47, 48]. Additionally, a
recent (in 2023) 6-month randomized controlled trial
[49] noted that a high-fat, low-carbohydrate diet (50—
60% of energy from fat and less than 20% of energy from
carbohydrates) was significantly more effective than a
high-carbohydrate, low-fat diet (20-30% of energy from
fat and 50-60% of energy from carbohydrates) in terms
of improving glycemic control and weight reduction. Fur-
thermore, a high-carb diet (60% carbohydrate, 25% fat)
rather than a high-fat diet (40% carbohydrate, 45% fat)
significantly elevated fasting plasma triglycerides [50].

Meat, a major source of fat, has been found to be posi-
tively associated with the risk of gallbladder stones in
some past studies [51-53]. A 2017 case-control study in
South Korea similarly noted that a dietary pattern char-
acterized by large amounts of meat increased the risk
of gallbladder stones [54]. However, it should be noted
that this dietary pattern also included fried foods and
had a factor loading of 0.799. Trans fatty acids in fried
foods significantly increased plasma triglycerides and
decreased plasma HDL cholesterol levels [55], as well as
decreased gallbladder sensitivity to cholecystokinin and
impair gallbladder motility [56]. Therefore, both cooking
methods and types of lipids should have received more
attention. Overall, the effects of dietary fats and carbohy-
drates on obesity, glycemia, lipids, and chronic diseases
remain ambiguous [57], but our results need to be viewed
with caution in light of the large body of evidence dem-
onstrating the harms of consuming too much fat.

Interestingly, subgroup analyses revealed that men
did not seem to be affected by the negative effects of
the “Grazing” pattern. In a large cross-sectional study in
Korea [58], meal frequency was found to be negatively
associated with the prevalence of abdominal obesity,
elevated blood pressure, and elevated triglycerides in
men, but not in women. Furthermore, all the remaining
temporal eating patterns posed a higher risk of gallblad-
der stones in older adults over the age of 60 compared
to “Conventional” patterns. In a short-term pilot study,
time-restricted eating improved functional capacity
(endurance) and glucose tolerance in middle-aged and
older adults but increased their total cholesterol and
LDL cholesterol compared to normal feeding [59]. Simi-
lar findings have been reported in long-term randomized
clinical trials [60] and animal trials [61]. This might be
one of the reasons why temporal eating patterns increase
the risk of gallbladder stones in the elderly, but the mech-
anism still requires further study.

In conclusion, our study marked the first investiga-
tion into the association of temporal eating patterns and
energy distribution patterns with gallbladder stone risk
in U.S. adults. The study held several strengths, with
NHANES providing a representative sample of Ameri-
cans through careful sampling and strict study protocols
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ensuring reliable quality control. Our novel approach not
only reduced the loss of dietary data but also rendered
the results more objective and comprehensive, offering
insights into the dietary characteristics and patterns of
the sample population. However, there were some limi-
tations to our study, namely that, being a cross-sectional
study, it couldn’t establish a causal relationship between
temporal eating patterns, energy distribution patterns,
and gallbladder stones. Second, the diagnosis of gallblad-
der stones relied on questionnaires, potentially intro-
ducing recall bias. Third, although LCA and LPA offered
advantages as relatively novel methods, being data-driven
exploratory analyses, their applicability to other popu-
lations might have had limitations. Also, O’'Hara et al.
[62] emphasized that the extent to which different meth-
ods affect the results is not yet known, and therefore
comparisons with other methods should be made with
great caution. Due to this concern, we did not compare
the effects of the different methods on creating tempo-
ral dietary patterns. More studies using multiple meth-
ods for simultaneous analysis are needed in the future
to help researchers understand the differences between
methodologies.

Conclusion

In conclusion, our study reveals significant associations
between temporal eating patterns identified through the
LCA method, energy distribution patterns character-
ized by the LPA method, and the risk of developing gall-
bladder stones. In short, to prevent gallbladder stones,
it is advisable to maintain a regular diet, avoid random
and frequent eating, and, if the primary eating occa-
sions habitually occur in the morning, ensure this time
does not extend beyond 9:00 a.m. Moreover, reducing
carbohydrate intake while maintaining a certain level of
fat intake is deemed beneficial in mitigating the risk of
gallbladder stones. Future research should delve into the
nuanced relationship between different nutrient types
and gallbladder stones.
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