
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Cheng et al. Lipids in Health and Disease          (2024) 23:265 
https://doi.org/10.1186/s12944-024-02262-2

Lipids in Health and Disease

†Quankai Cheng and Ziming Wang contributed equally to this work.

*Correspondence:
Jie Deng
jie.deng@mail.xjtu.edu.cn

Full list of author information is available at the end of the article

Abstract
Background  The chronic digestive condition gallstones is quite common around the world, the development of 
which is closely related to oxidative stress, inflammatory response and abnormalities of lipid metabolism. In the last 
few years, as a novel biomarker of lipid metabolism, the non-high-density lipoprotein cholesterol to high-density 
lipoprotein cholesterol ratio (NHHR) has garnered significant interest. However, its relationship with gallstones has not 
been studied yet.

Methods  3,772 people, all under 50, were included in this study, and their full data came from the National Health 
and Nutrition Examination Survey (NHANES) database for the years 2017–2020. Information on gallstones was 
obtained through self-reported questionnaires. Smoothed curve fitting multifactorial logistic regression was utilized 
to evaluate the connection of NHHR with gallstone formation incidence. Subsequently, subgroup analysis and 
interaction tests were applied. Finally, to create a prediction model, logistic regression and feature screening by last 
absolute shrinkage and selection operator (LASSO) were used. The resulting model was displayed using a nomogram.

Results  In multivariate logistic regression that accounted for all factors, there was a 77% increase in the likelihood 
of gallstones for every unit rise in lnNHHR (OR 1.77 [CI 1.11–2.83]). Following NHHR stratification, the Q4 NHHR level 
was substantially more linked to the risk of gallstones than the Q1 level (OR 1.86 [CI 1.04–3.32]). This correlation was 
stronger in women, people under 35, smokers, abstainers from alcohol, non-Hispanic White people, those with 
excessively high cholesterol, people with COPD, and people without diabetes. After feature screening, a predictive 
model and visualized nomogram for gallstones were constructed with an AUC of 0.785 (CI 0.745–0.819), which was 
assessed by DCA to be clinically important.
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Introduction
Gallstones, a globally prevalent chronic disorder of the 
digestive system, exhibit pronounced geographic varia-
tions in their incidence, displaying distinct epidemio-
logical patterns across diverse countries and regions [1]. 
According to data from epidemiologic surveys in the US, 
its domestic prevalence is up to 10–15%, with differences 
in multiple dimensions, such as gender, age, and lifestyle, 
with a high prevalence of [2–4]. In particular, middle-
aged women have a significantly higher prevalence than 
young men, which may be related to changes in their 
estrogen levels, which can reduce the contractile function 
of the gallbladder and thus increase risk [5]. In addition, 
with the change of lifestyle, young people have fast food 
consumption, fried food consumption, richer fat food 
consumption, richer cholesterol food consumption, stay 
up late and other bad habits, so that young people are 
generally obese, further contributing to the prevalence of 
gallstones tends to be younger [6–8]. It has been estab-
lished that gallstones pose a serious risk for cardiovascu-
lar disease, which further impacts the social workforce 
and raises the expense of healthcare [9, 10]. Therefore, it 
is particularly important to predict the prevalence of gall-
stones in young and middle-aged people and to prevent 
them in clinical practice.

It is well known that gallstones can be categorized 
into calcium bilirubinate stones, cholesterol stones, 
and mixed stones according to their composition [11]. 
Among them, cholesterol stones are predominant (70%) 
and are mainly formed due to the imbalance in the con-
centration ratio of the three components: cholesterol, 
bile salts and lecithin, which causes cholesterol to precip-
itate out of bile [12, 13]. Existing studies reveal that the 
development of gallstones is closely related to oxidative 
stress and inflammatory response [14]. Disorders of lipid 
metabolism have also been shown to be a key factor in 
gallstone formation [15]. The discovery by Liu et al. that 
a larger ratio of monocytes to high-density lipoprotein 
cholesterol was linked to a higher incidence of gallstones 
emphasizes the critical role that lipids play in the devel-
opment of gallstones [16].

In recent years, the ratio of non-high-density lipopro-
tein cholesterol (NHDL-C) to high-density lipoprotein 
cholesterol (HDL-C) is known as the non-high-density 
lipoprotein cholesterol to high-density lipoprotein cho-
lesterol ratio (NHHR), and it has garnered interest as a 
developing biomarker [17]. Among them, NHDL-C, 

which is mostly made up of more than 70% low-density 
lipoprotein cholesterol (LDL-C), is useful in the diagnosis 
of hyperlipoproteinemia and coronary artery disease, and 
lowering NHDL-C levels is thought to be one of the most 
crucial objectives of preventing cardiovascular disease 
[18, 19]. As of right now, research indicates that NHHR 
has a significant role in the emergence of metabolic dis-
eases like kidney stones, osteoporosis, type 2 diabetes, 
and cardiovascular diseases [20–22].

Given its excellence in metabolic disease prediction, we 
utilized information from the 2017-March 2020 National 
Health and Nutrition Examination Survey (NHANES). 
Clarifying the relationship between NHHR levels and the 
occurrence of gallstones in young and middle-aged US 
adults was the primary objective of the research, which 
also evaluated the potential of NHHR as a predictive 
model for gallstones occurrence.

Materials and methods
Research design
NHANES is an epidemiological study organized by 
the National Center for Health Statistics (NCHS) and 
approved by Ethics Committee. Each participant gave 
written, informed permission. NHANES comprises five 
components: demographic information, physiological 
measurements, laboratory test data, health question-
naires, and nutritional surveys. Researchers can apply for 
access to the NHANES database, enabling the establish-
ment of several health-related policies and research proj-
ects [23].

Using data from 2017 through March 2020, our study 
aimed to assess the predictive utility of NHHR for gall-
stone development and explore the correlation between 
NHHR and gallstone prevalence. Initially, this phase of 
the study included 15,560 participants. However, we 
excluded middle-aged and older participants over 50 
years of age. Furthermore, 2,911 individuals and 4,036 
participants were eliminated for lacking gallstone data 
and cholesterol data, respectively. In the end, 3,772 peo-
ple were part of the research. Fig. 1 illustrates the specific 
screening process.

Definition of NHHR and gallstones
In the NHANES program, participants had venous blood 
samples drawn in a fasting state, with results derived 
using a Roche Cobas 6000 (c501 module) analyzer, all 
in accordance with international standards [24]. The 

Conclusion  In the group of people ≤ 50 years of age, elevated NHHR levels were substantially linked to a higher 
incidence of gallstones. This correlation was stronger in several specific groups such as females, under 35 years of age, 
smokers, and so on. Predictive models constructed using the NHHR have potential clinical value in assessing gallstone 
formation.
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definition of NHHR was given as the ratio of non-high-
density lipoprotein cholesterol (NHDL-C) to high-den-
sity lipoprotein cholesterol (HDL-C), where NHDL-C 
was determined by subtracting the HDL-C level from the 
overall cholesterol amount [25]. Based on the query, gall-
stone statistics were taken from the MCQ questionnaire, 
“Has a doctor or other health professional ever told you 
that you have gallstones?” to ascertain whether gallstones 
are present [26].

Relevant covariates
Drawing upon prior research, we selected some of 
the confounding variables with possible effects to be 

included in our study [26, 27]. Three major segments 
were included, baseline demographic data, such as gen-
der, age, race, education level, and poverty income ratio 
(PIR); laboratory and test data, such as total cholesterol 
(mmol/L), HDL-C (mmol/L), sedentary time (minutes), 
body mass index (BMI, kg/m2), alanine aminotransferase 
(ALT, U/L); and disease and health data such as smoking 
status, alcohol consumption, diabetes mellitus, coronary 
heart disease (CHD), heart attack, chronic obstructive 
pulmonary disease (COPD), physical activity, and hyper-
tension. For clarity and precision, the specific defini-
tions of select variables are illustrated in Fig.  2, further 

Fig. 2  Definition of some of the covariates

 

Fig. 1  Flowchart of the participants’ selection from NHANES 2017–2020
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comprehensive information is available at https://www.
cdc.gov/nchs/nhanes/.

Statistical analysis
Considering that the NHANES program employs a sam-
ple-weighted statistical method. For our statistical analy-
ses, based on the NHHR’s quartile level, we divided the 
participants into 4 groups. We then used a weighted chi-
square test for categorical variables and a weighted Stu-
dent’s t-test for continuous variables. On the other hand, 
continuous variables were presented as means with stan-
dard error and categorical data as percentages. Missing 
covariates were addressed by performing multiple impu-
tations with five replications, a chained equation method 
was used to handle missing data across these replications 
[28]. To further ensure the robustness of the study, the 
NHHR was ln-transformed to ensure its normal distri-
bution. Second, to determine whether NHHR and gall-
stones are related, we created 3 models (one unadjusted 
for covariates, one adjusted for population baseline data, 
and one adjusted for all covariates), explored their cor-
relation using multivariate logistic regression, and estab-
lished a linear correlation between NHHR and gallstones 
using smoothed curve fitting. In addition, to look into the 
connection between NHHR and gallstones in more detail 
across groups, we conducted subgroup analysis and inter-
action tests. Next, before creating the prediction model, 
we filtered the relevant variables using univariate logistic 
regression, binary logistic regression, and least absolute 
shrinkage and selection operator (LASSO). Additionally, 
we evaluated the model value using the decision curve 
analysis (DCA) and receiver operating characteristic 
(ROC) curve. Lastly, we utilized nomogram to show the 
prediction model.

The R program (4.3.1) was utilized for our study, and 
statistical significance was defined as P < 0.05 (two-sided).

Results
Features of participants
After applying our criterion for exclusion, a group of 
3,772 individuals was selected for inclusion in this com-
prehensive study. Table  1 succinctly outlines the demo-
graphic profiles and pertinent covariate characteristics 
of these participants, stratified according to quartiles of 
NHHR. The participants’ average age was 34.69 years, 
with an 8.78-year standard deviation, comprising 48.13% 
males and 51.87% females, reflecting a well-balanced gen-
der distribution. Through rigorous comparative analyses, 
we uncovered significant associations between NHHR 
and a multitude of variables. Specifically, individuals with 
higher NHHR quartiles exhibited a tendency towards 
advanced age, elevated levels of ALT and BMI, indicating 
potential metabolic disturbances. Meanwhile, they were 
more likely to experience conditions including gallstones, 

COPD, myocardial infarction, hypertension, and coro-
nary heart disease. Furthermore, a noteworthy trend 
emerged, women, individuals who were less physically 
active, and smokers were more inclined to have higher 
NHHR values.

The association of gallstone with NHHR
Table  2 presents our findings from using multivariate 
logistic regression to investigate the relationship with 
NHHR of gallstones. There was a significant positive 
connection found with lnNHHR of gallstones in model 
2 (OR 1.80 [CI 1.22–2.66]) and model 3 (OR 1.77 [CI 
1.11–2.83]). It indicated that in the fully adjusted model, 
the chance of getting gallstones rose by 77% for each 
unit rise in ln-transformed NHHR. Further sensitivity 
analysis showed that this association remained statisti-
cally significant when stratified by quartiles of NHHR 
(p-trend < 0.05). Participants in the NHHR Q4 exhibited 
a considerably higher chance of developing gallstones 
than those in the Q1 (OR 1.86 [CI 1.04–3.32]) in the 
fully adjusted model, indicating an 86% increased risk of 
developing gallstones. Meanwhile, the smoothed curve 
fitting results further supported the linear positive con-
nection linking NHHR to gallstones (Fig. 3).

Subgroup analyses
To delve deeper into the nexus between NHHR and gall-
stones, we stratified participants based on gender, age, 
race, and health parameters (encompassing smoking sta-
tus, alcohol consumption, COPD, and total cholesterol 
levels), and subsequent multivariate logistic regression 
analyses were conducted (Fig.  4). Our findings revealed 
a significant interaction (p-interaction ≤ 0.05) between 
lnNHHR and gallstones, contingent upon age and racial 
categories. Specifically, among individuals aged 35 years 
or younger, every unit increment in lnNHHR was linked 
to a substantial 226% rise in the likelihood of gallstone 
development (OR 3.26 [CI 1.62–6.59]). Conversely, this 
positive correlation was not evident in individuals older 
than 35 years. Furthermore, gallstones and lnNHHR were 
shown to have a strong and statistically significant posi-
tive correlation in both the “Non-Hispanic White” and 
“Other” ethnic groups.

LASSO regression for feature screening
To construct the final predictive model, we refined the 
initial screening of clinical variables using LASSO regres-
sion analysis. Eleven relevant variables (log of best λ = 
-5.696) were screened for gender, age, race, education 
level, smoking, BMI, CHD, COPD, diabetes, ALT, and 
total cholesterol (Fig. 5).

https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
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Characteristic Quartiles of NHHR P-value
Q1
(≤ 1.79)

Q2
(1.79–2.51)

Q3
(2.51–3.46)

Q4
(≥ 3.46)

Age (years) 32.67 ± 8.96 33.63 ± 8.07 35.67 ± 8.67 36.64 ± 8.14 < 0.001
ALT (U/L) 17.24 ± 12.39 20.45 ± 15.68 23.54 ± 18.90 31.97 ± 24.74 < 0.001
Total cholesterol (mmol/L) 4.19 ± 0.84 4.42 ± 0.72 4.78 ± 0.81 5.51 ± 0.99 < 0.001
HDL-C (mmol/L) 1.79 ± 0.41 1.42 ± 0.23 1.23 ± 0.20 1.03 ± 0.22 < 0.001
Sedentary time (minutes) 320.40 ± 193.05 330.43 ± 211.82 332.07 ± 205.21 357.86 ± 211.29 0.002
Gender, n (%) < 0.001
  Male 375 (70.89%) 327 (61.81%) 269 (50.85%) 171 (32.26%)
  Female 154 (29.11%) 202 (38.19%) 260 (49.15%) 359 (67.74%)
Race/ethnicity, n (%) < 0.001
  Mexican American 62 (11.72%) 76 (14.37%) 87 (16.45%) 91 (17.17%)
  Other Hispanic 49 (9.26%) 56 (10.59%) 63 (11.91%) 56 (10.57%)
  Non-Hispanic White 144 (27.22%) 148 (27.98%) 133 (25.14%) 175 (33.02%)
  Non-Hispanic Black 176 (33.27%) 157 (29.68%) 136 (25.71%) 80 (15.09%)
  Other Race 98 (18.53%) 92 (17.39%) 110 (20.79%) 128 (24.15%)
PIR, n (%) 0.956
  ≤ 1.3 147 (27.79%) 142 (26.79%) 247 (46.69%) 141 (26.65%)
  1.3–3.5 136 (25.71%) 235 (44.42%) 250 (47.17%) 138 (26.09%)
  ≥ 3.5 144 (27.22%) 252 (47.64%) 147 (27.79%) 138 (26.04%)
Education level, n (%) < 0.001
  Less than high school 67 (12.67%) 73 (13.80%) 105 (19.85%) 105 (19.81%)
  High school or equivalent 123 (23.25%) 106 (20.04%) 131 (24.76%) 111 (20.94%)
  College graduate or above 339 (64.08%) 350 (66.16%) 293 (55.39%) 314 (59.25%)
BMI, n (%) < 0.001
  ≤ 25 kg/m2 277 (52.36%) 155 (29.30%) 90 (17.01%) 52 (9.81%)
  25–30 kg/m2 128 (24.20%) 156 (29.49%) 162 (30.62%) 167 (31.51%)
  ≥ 30 kg/m2 124 (23.44%) 218 (41.21%) 277 (52.36%) 311 (58.68%)
Smoking status, n (%) 0.016
  Yes 185 (34.97%) 177 (33.46%) 190 (35.92%) 231 (43.67%)
  No 344 (65.03%) 352 (66.54%) 339 (64.08%) 298 (56.33%)
Alcohol consumption, n (%) 0.328
  Yes 122 (23.06%) 92 (17.39%) 86 (16.26%) 96 (18.11%)
  No 407 (76.94%) 437 (82.61%) 443 (83.74%) 434 (81.89%)
Diabetes, n (%) 0.323
  Yes 22 (4.16%) 26 (4.91%) 29 (5.48%) 41 (7.74%)
  No 507 (95.84%) 503 (95.09%) 500 (94.52%) 489 (92.26%)
CHD, n (%) 0.003
  Yes 2 (0.38%) 4 (0.76%) 0 (0.00%) 5 (0.94%)
  No 527 (99.62%) 525 (99.24%) 529 (100.00%) 525 (99.06%)
Heart attack, n (%) 0.004
  Yes 2 (0.38%) 4 (0.76%) 5 (0.95%) 10 (1.89%)
  No 527 (99.62%) 525 (99.24%) 524 (99.05%) 520 (98.11%)
COPD, n (%) 0.031
  Yes 16 (3.02%) 21 (3.97%) 28 (5.29%) 27 (5.09%)
  No 513 (96.98%) 508 (96.03%) 501 (94.71%) 503 (94.91%)
Physical activity, n (%) 0.05
  Yes 277 (52.36%) 258 (48.77%) 243 (45.94%) 268 (50.57%)
  No 252 (47.64%) 271 (51.23%) 286 (54.06%) 262 (49.43%)
Hypertension, n (%) < 0.001
  Yes 66 (12.48%) 77 (14.56%) 113 (21.36%) 147 (27.74%)
  No 463 (87.52%) 452 (85.44%) 416 (78.64%) 383 (72.26%)
Gallstones, n (%) < 0.001

Table 1  Baseline characteristics of subjects by quartiles of NHHR in NHANES 2017–2020
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Table 2  Association between NHHR and the odds of gallstones
Characteristic Model 1a Model 2 b Model 3 c

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Ln-NHHR 1.42 (1.00,2.00) 0.0487 1.80 (1.22,2.66) 0.0032 1.77 (1.11,2.83) 0.0163
NHHR Quartile 1 Ref Ref Ref

Quartile 2 1.13 (0.69,1.86) 0.6162 1.13 (0.68,1.87) 0.6361 1.08 (0.64,1.81) 0.7773
Quartile 3 1.34 (0.83,2.16) 0.2294 1.41 (0.86,2.31) 0.1748 1.36 (0.81,2.30) 0.2492
Quartile 4 1.51 (0.95,2.41) 0.0826 1.96 (1.19,3.24) 0.0083 1.86 (1.04,3.32) 0.0358
P for trend 1.16 (0.99,1.37) 0.0623 1.29 (1.08,1.54) 0.0042 1.27 (1.03,1.56) 0.0229

OR: odds ratio

95% CI: 95% confidence interval
a Model 1: no covariates were adjusted
b Model 2: adjusted for gender, age, and race
c Model 3: gender, age, race, PIR, education level, BMI, smoking status, alcohol consumption, total cholesterol, HDL-C, sedentary time, hypertension, diabetes, CHD, 
heart attack, COPD, physical activity

Fig. 3  Smooth curve fitting for probing NHHR and gallstones

 

Characteristic Quartiles of NHHR P-value
Q1
(≤ 1.79)

Q2
(1.79–2.51)

Q3
(2.51–3.46)

Q4
(≥ 3.46)

  Yes 32 (6.05%) 36 (6.81%) 42 (7.94%) 47 (8.87%)
  No 497 (93.95%) 493 (93.19%) 487 (92.06%) 483 (91.13%)
Continuous variables: values are expressed as mean ± standard error

Categorical variables: values are expressed as numbers (percentage)

Abbreviation: ALT, alanine aminotransferase; PIR, poverty income ratio; BMI, body mass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary 
disease

Table 1  (continued) 
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Logistic regression for further feature screening
In addition, we applied logistic regression analyses to fur-
ther screen the clinical features derived from the LASSO 
regression analysis. Table 3 displays the findings of uni-
variate logistic regression determined the following vari-
ables as being associated with the incidence of gallstones: 
gender, age, race, BMI, COPD, and diabetes. Subsequent 
multivariate logistic regression analyses indicated that 
seven variables, including gender, age, race, education 
level, BMI, COPD, and diabetes, were independent risk 
factors for their development (Table 3).

ROC curve for prediction modeling
Integrating the results of LASSO regression and logis-
tic regression analyses, we screened six key variables, 
including gender, age, race, BMI, COPD, and diabetes, to 
be synergized with NHHR to construct the final predic-
tion model. As shown in Fig. 6, our model demonstrated 
robust predictive performance, achieving an AUC of 
0.785 (CI 0.745–0.819). It demonstrated a sensitivity of 
73.89% and a specificity of 71.22%. Further DCA analy-
sis also argued that the present model has significant 
clinical applications within a wide range of probability 
thresholds.

Fig. 4  Subgroup analyses of the association between NHHR and gallstones
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Construction of the nomogram for prediction
Finally, we used the features in the final prediction model 
(gender, age, race, BMI, COPD, diabetes, and NHHR) 
to construct nomogram to provide an intuitively easy-
to-understand and clinically user-friendly visualization 
tool for predicting gallstones (Fig. 7). Each feature in the 
graph is assigned a score value, and by adding up these 
scores, which represent the intensity of different risk fac-
tors, the magnitude of the likelihood that a subject will 
develop gallstones can be visualized and revealed.

Discussion
This study utilized the 2017–2020 NHANES data for a 
broad, multi-ethnic, cross-sectional study of individual 
adults under the age of 50 in US, in order to assess the 
association linking NHHR with gallstones. As a result of 
the study, we discovered that higher levels of NHHR were 
strongly correlated with an increased risk of gallstone 
formation. Even after controlling for pertinent factors, 
this connection remained. And, it was more pronounced 
in women under 35, smokers, abstainers, non-Hispanic 
White people, those with excessively high cholesterol, 
COPD, and without diabetes. In addition, we screened 
characteristic clinical variables and constructed a model 

Table 3  Univariate and multivariate logistic regression analysis results
Characteristic Univariate logistic regression Multivariate logistic regression

OR (95% CI) P value OR (95% CI) P value
Gender 3.34 (2.26, 4.93) < 0.001 3.49 (2.25, 5.42) < 0.001
Age 1.06 (1.04, 1.08) < 0.001 1.05 (1.03, 1.08) < 0.001
Race 0.83 (0.73, 0.94) 0.003 0.79 (0.68, 0.91) < 0.001
Education level 1.16 (0.93, 1.45) 0.197 1.32 (1.01, 1.71) 0.004
Smoking status 1.29 (0.93, 1.80) 0.126 1.23 (0.85, 1.78) 0.279
BMI 1.07 (1.05, 1.09) < 0.001 1.06 (1.04, 1.08) < 0.001
COPD 3.83 (2.26, 6.47) < 0.001 3.47 (1.89, 6.39) < 0.001
Diabetes 3.16 (1.93, 5.19) < 0.001 1.86 (1.05, 3.30) 0.034
ALT 1.00 (0.99, 1.01) 0.798 1.01 (0.99, 1.02) 0.189
Total cholesterol 1.12 (0.96, 1.32) 0.161 1.10 (0.92, 1.33) 0.294
Abbreviation: PIR, poverty income ratio; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ALT, alanine aminotransferase

P < 0.05 (two-sided) was defined as statistically significant

Fig. 5  Characteristics used to predict gallstones by LASSO regression screening. (A) Regression coefficient profiles. Each curve indicates the trajectory of 
each feature coefficient; (B) LASSO regression cross-validation profile. Each red dot indicates the mean square error (MSE) for each value of λ. The vertical 
coordinate is the coefficient value, the horizontal coordinate (upper) is the number of nonzero coefficients in the model, and the horizontal coordinate 
(lower) is the logarithmic value of the regularization parameter λ. The dashed line on the left indicates the minimum value of λ (λmin, log(λ)=-5.696). For 
prediction of gallstones, we used λmin as a variable screen. Eleven characteristics were selected: gender, age, race, education level, smoking, BMI, CHD, 
COPD, diabetes, ALT, and total cholesterol
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to predict gallstones, and ROC and DCA curves con-
firmed its clinical value, which nomogram further visual-
ized and applied.

Previous studies have explored in detail the potential 
association of LDL-C and HDL-C with gallstone forma-
tion. According to studies on the relationship between 
triglycerides, LDL-C, and total bile acids by Zeng et al., 
among them, gallstone risk was positively connected with 
high levels of LDL-C [29]. Similarly, based on a case-
control research, Zhao and colleagues determined that 
elevated LDL-C values significantly increase the risk of 
gallstone formation [30]. A crucial step in the etiology 
of cholesterol stones is cholesterol oversaturation in the 
bile, which is caused by elevated LDL-C levels. In con-
trast to HDL-C, which is known for its protective effects 
against cardiovascular disease, Chen et al. have offered 
the insight that HDL-C levels are linearly and negatively 
correlated with the risk of cholelithiasis. This finding may 
be because HDL-C has anti-inflammatory and a role in 
facilitating cholesterol efflux from peripheral tissues [31]. 
In light of these findings, lipid metabolism plays a major 
part in the development and production of gallstones, 
controlling lipid profiles may be a keystone prevention 
strategy [32].

However, there are also many contradictions in previ-
ous studies. Animal experiments have shown that diets 
rich in LDL-C and low in HDL-C can reduce and elimi-
nate the occurrence of pathologies such as gallstones 
[33]. Meanwhile, Chen et al.‘s research demonstrated 
the non-linearity of the link between total cholesterol 
and gallstones, and that within a certain range, lower 

cholesterol levels rather increase the risk of gallstones, a 
finding that is contrary to the traditional view [31]. We 
hypothesized that these differences may be caused by fac-
tors such as different testing instruments, changes in the 
study population and uncritical research assumptions. In 
recent years, the NHHR has received widespread atten-
tion as a new metric for assessing the risk of lipid-related 
diseases. It includes not only risky NHDL-C, but also 
protective HDL-C, providing a more comprehensive view 
of lipid homeostasis and its health effects [34, 35]. There-
fore, investigating the connection between NHHR and 
gallstone formation may offer new perspectives to help us 
better understand the interactions between lipid metabo-
lism and gallstone disease, thereby improving the predic-
tion of gallstone risk and management strategies.

It is well known that the high-risk group for gallstones 
is middle-aged women, and obesity, smoking, alcohol 
consumption and diabetes are independent contribut-
ing factors to their development [36]. Nevertheless, our 
study’s findings demonstrated that women under the 
age of 35 had a stronger correlation between NHHR and 
gallstones, and the prevalence of gallstones seems to 
show a trend of younger age, which we hypothesize may 
be influenced by factors such as high stress in modern 
young people’s lives, excessive late nights, and dietary 
irregularities, but the effect of age on gallstone forma-
tion is still controversial. Secondly, the present research 
discovered that NHHR was linked to an increased occur-
rence of gallstones in participants who refrained from 
alcohol consumption, which is not quite in line with tra-
ditional beliefs, but is consistent with recent findings [26, 

Fig. 6  Performance evaluation of a predictive gallstones model. (A) ROC curve. The AUC of the model was 0.785 (CI 0.745–0.819), the specificity and 
sensitivity of the model were 73.89% and 71.22%, respectively. (B) Decision curve analysis (DCA). Red line for the net benefit of the predictive model, and 
the black line indicates that the predictive model was not used
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37, 38]. This is associated with alcohol’s ability to reduce 
serum cholesterol saturation, increase HDL-C levels 
and promote gallbladder motility [39–41]. Furthermore, 
in patients who were not diabetics, we discovered that 
NHHR was linked to a higher incidence of gallstones. 
Chen et al. have suggested that type 2 diabetics possess 
a notably higher chance of gallstones, however, type 1 
diabetics between the ages of 20–40 years have a reduced 
risk of gallstones [42]. Ratheesh et al. also observed that 
the incidence of gallstones was notably greater in individ-
uals with diabetes than in individuals without the disease 
[43]. But taking into account that our study did not clas-
sify diabetes mellitus and that the majority of the study 
person was between the ages of 20 and 40. Therefore, this 
conclusion of our study may be influenced by the spe-
cific typology of diabetes mellitus, and there is still no 
definitive study showing the association between diabe-
tes mellitus and gallstones [44]. However, it is worth our 
attention that lipid metabolism disorders (e.g. hypercho-
lesterolemia and hypertriglyceridemia) are closely asso-
ciated with insulin resistance, and high levels of NHHR 

participants are often consistent with a diagnosis of lipid 
metabolism disorders. Furthermore, it has long been 
known that insulin resistance lowers the synthesis of bile 
acid synthase and increases the release of biliary choles-
terol, thus predisposing patients to bile salt deposition 
and further increasing the risk of gallstones [45]. Thus, 
participants may not be diabetic but have developed insu-
lin resistance due to disorders of lipid metabolism. This 
supports our hypothesis that individuals without diabe-
tes who have high NHHR levels are much more likely to 
develop gallstones. In addition, our research also found 
that participants with COPD had a higher incidence of 
gallstones when their NHHR levels were elevated; there 
are no studies confirming a direct relationship between 
the two, but we hypothesize that the association between 
NHHR and gallstones is primarily influenced by the sys-
temic inflammatory response caused by COPD [44].

Given these insights, lipid metabolism plays an impor-
tant role in gallstone formation. Considering that long-
lasting gallstones are highly susceptible to gallbladder 
cancer and increase the likelihood of cardiovascular 

Fig. 7  Nomogram used to predict gallstone risk. The horizontal line at the top is the column of scores, and the total score based on the sum of the item-
ized scores is the risk of developing gallstones. Gender, age, race, BMI, COPD, diabetes, and NHHR are indicators of the individual scores. Within race, 1 
indicates “Mexican American,” 2 indicates “Other Hispanic,” 3 indicates “Non-Hispanic White,” 4 indicates “Non-Hispanic Black”, and 5 indicates “Other Race”
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disease. Thus, a strong basis for gallstone prevention 
and therapy may be established by keeping an eye on 
and controlling lipids during the formation of gallstones, 
therefore lowering the prevalence of cardiovascular dis-
ease and raising patients’ quality of life.

Advantages and limitations
This research provides a number of advantages. First, we 
selected participants from the NHANES database for 
the study, which provides a large number of representa-
tive samples, and the collection of the samples applied a 
standardized process and was supervised by the govern-
ment, which provides a solid foundation for the general-
ization of our conclusions to a larger population. Second, 
we conducted subgroup analyses and interaction tests for 
some of the clinical variables to explore the differences 
between different populations. Finally, we used LASSO 
and logistic regression to screen the characteristic vari-
ables and constructed a predictive model for the first 
time, aiming to effectively promote the early detection 
and prevention of gallstones in young and middle-aged 
patients. However, it is undeniable that our study still has 
limitations. First, it is now unable to show a causal link 
between NHHR and gallstones since the study is cross-
sectional, and cohort studies required to investigate the 
association in more detail. Secondly, although we refer-
enced multiple clinical variables that may be associated 
with gallstones, the impact of all possible circumstances 
could not be entirely excluded (e.g. genetic factors). In 
addition, the population of this study was predominantly 
American, thus there may be disparities in applying the 
findings of this study to other racial groups. Finally, much 
of the health information involved in the study relied on 
self-reported questionnaires, and participant conceal-
ment and recall bias might have elicited some of the false 
associations. Concurrently, some patients in the general 
population suffer from “asymptomatic gallstones,” which 
are often unbeknownst to them and may consequently 
be reported with potential research bias. In view of the 
above advantages and disadvantages, to further assess 
and confirm our findings, a multicenter investigation 
must be carried out in the future.

Conclusion
Overall, among persons 50 years of age and younger, our 
study found a substantial correlation between NHHR and 
gallstone risk. This correlation was stronger in women, 
those under 35, smoked, did not consume alcohol, were 
non-Hispanic white, had abnormally elevated cholesterol, 
had COPD, and did not have diabetes. Also, combining 
NHHR with relevant clinical characteristics (gender, age, 
race, BMI, COPD, diabetes) allows for the construction 
of a simple model to predict gallstone risk.
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