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A b s t r a c t

Introduction: Evidence regarding the association of insulin resistance (IR) 
with chronic diarrhea (CD) remains scarce, especially in the absence of ro-
bust epidemiological support from large-scale population cohorts. We aimed 
to explore the association of IR with CD using a cross-sectional analysis of 
data from the National Health and Nutrition Examination Survey (NHANES) 
from 2005 to 2010.
Material and methods: Multiple logistic regression models combined with 
subgroup analyses were leveraged to explore the association of IR (triglycer-
ide-glucose [TyG] index, metabolic score for insulin resistance [METS-IR], 
and homeostasis model assessment of insulin resistance [HOMA-IR]) with 
the prevalence of CD. Nonlinear associations were assessed using restricted 
cubic spline (RCS) curves. Finally, the discriminative performance of these 
indicators was assessed using receiver operating characteristic (ROC) curves 
and the area under the curve (AUC). 
Results: After full adjustment for covariates (e.g., sex, age, race, education, 
poverty-to-income ratio (PIR), body mass index (BMI), smoking status), the 
TyG index (OR = 1.35, 95% CI: 1.12–1.63), METS-IR (OR = 2.00, 95% CI: 
1.31–3.06), and HOMA-IR (OR = 1.02, 95% CI: 1.00–1.03) showed positive 
associations with the prevalence of CD. The RCS curve analysis showed 
a non-linear association between HOMA-IR and CD (p-non-linear = 0.003), 
with an inflection point at 2.423. METS-IR and TyG showed a  significant 
positive linear association with CD (both p-non-linear > 0.05). The ROC curve 
analysis identified METS-IR as the best-discriminating indicator for CD (AUC 
= 0.645, 95% CI: 0.619–0.672). 
Conclusions: The present research identified a  significant positive associ-
ation between IR and CD among a  demographically representative cohort 
of US adults. Elevated IR scores are significantly associated with the prev-
alence of CD.

Key words: chronic diarrhea, insulin resistance, NHANES.

Introduction

Chronic diarrhea (CD) represents a  notable public health concern. 
While this condition does not increase mortality risk, patients with CD 
exhibit a significantly higher prevalence of detected organic pathologies 
– including colon polyps and ulcerative colitis – relative to the general 
population [1]. The condition causes physical and mental distress, af-
fects patients’ quality of life and nutrient absorption capacity, and places 
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an economic strain on the health care system. CD 
is usually defined as having more than 3 stools 
per day, or a  total stool volume of > 200 g/day, 
with water content of over 85%, for more than  
4 weeks [2]. CD is estimated to be present in 1–5% 
of adults [3].

CD can be triggered by various conditions, 
including functional and organic diseases. The 
pathophysiological mechanisms of diarrhea 
caused by different etiologies vary. Previous stud-
ies have shown that intestinal function is some-
what affected in patients with type 2 diabetes 
compared with the general population [4]. It may 
be related to autonomic neuropathy, hyperglyce-
mia-stimulated intestinal microangiopathy and 
gastrointestinal hormone secretion disorders [5, 
6], which may seriously affect the quality of life 
and blood glucose control of patients [7]. Insulin 
resistance (IR) is not only the main feature of type 
2 diabetes and prediabetes, but also a metabolic 
state associated with chronic low-grade inflam-
mation, autonomic dysfunction, and changes in 
hormone levels. These factors may affect the gas-
trointestinal tract, thereby potentially contributing 
to chronic diarrhea. However, currently, most stud-

ies on CD focus on its association with intestinal 
microecology, inflammatory response, and abnor-
malities in gastrointestinal mucosal function [8, 
9]. Studies on the association of IR with CD remain 
sparse, especially without robust epidemiological 
evidence from large-scale population cohorts. To 
quantify IR, there are a number of methods. The 
hyperinsulinemic-euglycemic clamp (HEGC) test 
is considered the gold standard for assessing IR 
[10]. Nevertheless, it is time-consuming, costly, 
and technically difficult to apply in extensive ep-
idemiological research and clinical practice. Ho-
meostasis model assessment of insulin resistance 
(HOMA-IR), computed from fasting insulin (FINS) 
and fasting plasma glucose (FPG) measurements, 
is considered a  reliable surrogate for HEGC test 
and is the most extensively utilized index in cur-
rent practice [11]. Triglyceride-glucose (TyG) index 
widely recognized as a useful tool for evaluating IR 
[12]. It is simpler, more economical, and more suit-
able for clinical studies. Collectively, the TyG index, 
metabolic score for insulin resistance (METS-IR), 
and HOMA-IR are widely adopted metrics for as-
sessing IR because of their simplicity, availability, 
and low cost [13–16]. They have been extensively 
utilized to study the association of IR with type 2 
diabetes, obesity, and cardiovascular disease.

Although the National Health and Nutrition Ex-
amination Survey (NHANES) lacks direct evidence 
demonstrating that IR independently contributes 
to CD, IR may be associated with CD through indi-
rect mechanisms such as metabolic abnormalities, 
dysbiosis, and inflammation. Therefore, the pres-
ent study examined the association of IR (TyG in-
dex, METS-IR, and HOMA-IR) with the prevalence 
of CD based on NHANES 2005–2010 data. 

The research aimed to provide new epidemio-
logical evidence for CD and a potential clinical ref-
erence for early intervention and management of 
the disease.

Material and methods

Study population

In total, there were 31,034 participants in the 
NHANES [17] (2005–2010) in the United States of 
America. Eventually, 5,606 individuals were includ-
ed in this research. The inclusion criteria were as 
follows: (i) age ≥ 20 years; (ii) complete data on 
FPG, high-density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), and FINS; (iii) complete data on 
Bristol Stool Form Scale (BSFS), and without con-
stipation; (iv) with complete data of age, sex, race, 
education, PIR, body mass index (BMI), smoking 
status, alcohol consumption, caffeine intake, de-
pression scale score, and history of diabetes melli-
tus (DM). The participant selection process is pre-
sented in Figure 1. All the data were obtained from 

NHANES

Aged ≥ 20 (n = 17,132) 

With complete exposure data 
(n = 7,336) 

With complete outcome data 
(n = 6,150) 

Subjects included (n = 5,606) 

Excluded: aged < 20 (n = 13902) 

Excluded: missing data on TG, 
FPG, HDL-C, BMI and FINS  

(n = 9796) 

Excluded: missing data on the 
Bristol stool form scale; with 

constipation (n = 1,186) 

Excluded: missing data on 
age, sex, race, education, PIR, 
BMI, smoking status, alcohol 

consumption, diabetes mellitus, 
depression, caffeine intake  

(n = 544) 

Figure 1. Flowchart of the selection of participants 
based on NHANES 2005–2010

TG – triglycerides, FPG – fasting plasma glucose, HDL-C 
– high-density lipoprotein cholesterol, FINS – fasting 
insulin, PIR – poverty-to-income ratio, BMI – body mass 
index.
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the official NHANES website. All the study proto-
cols in the survey were approved by the Ethics Re-
view Committee of the National Center for Health 
Statistics (NCHS). Informed consent was obtained 
from all participants. Because the data retrieved in 
this research were publicly available and de-identi-
fied, no additional ethical approval was required.

Exposure variables

The TyG index [18] was computed as ln(TG × 
FPG/2) (units: TG and FPG in mg/dl). The METS-
IR [19] was defined by ln[BMI × (TG + 2 × FPG)]/
ln(HDL-C) (units: TG, FPG, HDL-C in mg/dl; BMI in 
kg/m²). HOMA-IR [20] was determined using (FPG 
× FINS)/22.5 (FPG in mmol/l; FINS in μU/ml). The 
TyG index, METS-IR, and HOMA-IR were divided 
into T1, T2, and T3 groups according to tertiles.

Outcome variables

During the NHANES survey, participants were 
issued a color card with images and a description 
card of the BSFS types (1 to 7). They were then 
instructed, “Select the number corresponding to 
your usual or most common stool type”. Partici-
pants were classified as having CD if they iden-
tified their usual or most common stool type as 
BSFS type 6 (fluffy with ragged edges, mushy) or 
type 7 (watery, no solid pieces). They were clas-
sified as having chronic constipation when they 
chose type 1 (separate hard lumps, like nuts) or 
type 2 (sausage-shaped, frequent use of laxatives) 
[21, 22]. The present study included participants 
with normal stool consistency and diarrhea.

Covariates

The researchers identified potential covariates 
based on previous studies and clinical expertise. 
Covariates included age, sex, race, education, PIR, 
BMI, smoking status, alcohol consumption, DM, 
depression, and caffeine intake (mg/day). Age was 
categorized as under 40 years, 40–60 years, and 
over 60 years. Race was categorized as non-His-
panic White, non-Hispanic Black, Mexican Amer-
ican, other Hispanic, and other races. Education 
was categorized as less than high school, high 
school and equivalent, and beyond high school. 
PIR denoted a household’s income relative to the 
federal poverty guidelines, and is categorized as 
less than 1.3, 1.3–3.5, and more than 3.5. Based 
on smoking status, participants were divided into 
former smokers, never smokers, and current smok-
ers. Never smokers were those who had smoked 
fewer than 100 cigarettes. Former smokers were 
those who had smoked more than 100 cigarettes, 
but were non-smokers at the time. Current smok-
ers were those who had smoked more than 100 
cigarettes and still smoked on a few days or ev-

ery day. Alcohol consumption was grouped into 
drinking and non-drinking. Drinking was charac-
terized by having at least twelve alcoholic drinks 
a year, based on questionnaires administered via 
the Computer-Assisted Personal Interview (CAPI) 
system at the Mobile Examination Center (MEC). 
History of DM was categorized as either present 
or absent. A  present history of DM was defined 
as those who had been previously informed by 
a  physician that the respondent had diabetes 
or those with a  glycosylated hemoglobin level  
> 6.5%. Depression was characterized by a score 
of > 10 in the Patient Health Questionnaire (PHQ). 
Caffeine intake was examined with a  standard-
ized 24-hour dietary recall interview at the dietary 
assessment center.

Statistical analysis

All continuous variables conforming to a normal 
distribution were expressed as mean (SD), and be-
tween-group comparisons were examined with the 
independent samples t-test. Non-normally distrib-
uted continuous variables were expressed as me-
dian (P25, P75), and inter-group comparisons were 
conducted with the Mann-Whitney U-test. Categor-
ical variables were expressed as percentages (%), 
and between-group differences were compared 
with the χ2 test. The variance inflation factor (VIF) 
was used to examine potential multicollinearity be-
tween covariates. All included covariates showed 
a VIF value of less than 5, indicating no substantial 
multicollinearity in the current study. 

Logistic regression models were used to as-
sess the association of the TyG index, METS-IR, 
and HOMA-IR with CD, respectively. Model 1 was 
unadjusted; model 2 was adjusted for age, sex, 
and race; and model 3 was further adjusted for 
education, PIR, BMI, smoking status, alcohol con-
sumption, caffeine intake, history of depression, 
and history of DM, based on model 2. METS-IR, 
HOMA-IR, and TyG were included in regression 
models both in continuous form and in tertile 
groups, with OR and 95% CI calculated. Stratified 
analyses and interaction analyses were performed 
according to sex, age, race, PIR, education, smok-
ing status, alcohol consumption, caffeine intake, 
history of depression, and history of DM. Also, 
restricted cubic spline (RCS) plots were leveraged 
to further examine the nonlinear relationships of 
TyG index, METS-IR, and HOMA-IR with CD. Ad-
ditionally, receiver operating characteristic (ROC) 
curves and area under the curve (AUC) analyses 
were employed to assess the discriminative per-
formance of the IR indices in the full cohort. All 
data analyses were performed using R version 
4.4.3 (http://www.R-project.org), and differences 
were deemed to be statistically significant at p < 
0.05 (two-sided).
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Results

Baseline characteristics of participants

In total, 5,606 participants were included, of 
whom 49.92% were males and 50.08% were fe-
males, and 511 (9.12%) had CD. The prevalence 
of CD was considerably higher in females, current 
smokers, individuals aged 40–60 years old, indi-
viduals with DM, depression, those with PIR less 
than 3.5, and those with education less than high 
school level. A  statistically significant difference 
was noted (p < 0.05). The IR scores in individu-
als with CD [TyG: 8.78 (8.41, 9.24); METS-IR: 2.14 
(1.95, 2.34); HOMA-IR: 2.79 (1.62, 4.97)] were all 
higher than those of individuals without CD (TyG: 
8.62 (8.24, 9.04), METS-IR: 2.26 (1.37, 4.01), HO-
MA-IR: 2.06 (1.89, 2.25)), with statistically signifi-
cant differences (p < 0.001). The details are shown 
in Table I.

Association of TyG index, METS-IR , and 
HOMA-IR with CD 

As continuous variables, IR (TyG index, METS-
IR, and HOMA-IR) were positively associated with 
the prevalence of CD. The unadjusted logistic 
regression analyses yielded the following ORs 
with 95% CIs: METS-IR (OR = 2.13, 95% CI: 1.52–
2.98), HOMA-IR (OR = 1.03, 95% CI: 1.01–1.04), 
and TyG index (OR = 1.47, 95% CI: 1.26–1.73), 
as demonstrated in Table II. After fully adjusting 
for covariates, IR indices remained positively as-
sociated with CD prevalence. Specifically, each 
unit increase in METS-IR (OR = 2.00, 95% CI: 
1.31–3.06) was associated with approximately 
twice the odds of CD. Significant positive associa-
tions were also observed for HOMA-IR (OR = 1.02;  
95% CI: 1.00–1.03) and TyG index (OR = 1.35; 
95% CI: 1.12–1.63). Further analyses supported 
this finding. With the tertile T1 as a  reference, 
the third tertile groups of METS-IR, HOMA-IR, and 
TyG were associated with increased prevalence of 
CD, regardless of model adjustment (p < 0.05), as 
shown in Table II. To better understand the non-
linear association of IR with CD prevalence, we 
plotted RCS curves. The results showed that HO-
MA-IR exhibited a nonlinear positive association 
with the prevalence of CD (p-non-linear = 0.003) 
with an inflection point at 2.423, and METS-IR and 
TyG demonstrated significant positive linear asso-
ciations with CD (p-non-linear = 0.056 and 0.567, 
respectively) (Figures 2 A–C). 

Subgroup analyses of the association of 
METS-IR, TyG index, and HOMA-IR with CD 

The results of the subgroup analyses indicated 
inconsistent associations of METS-IR, TyG index, 
and HOMA-IR with CD (Table III).

In subgroup analyses, the positive associa-
tion of METS-IR with CD was consistent in the 
subgroups of females, non-Hispanic Whites, 
non-Hispanic Blacks, other Hispanics, aged < 40 
years, PIR < 3.5, education beyond high school, 
less than high school education, current smokers, 
non-drinking, participants with and without a his-
tory of DM, and participants without depression  
(p < 0.05). The interaction analysis showed that 
sex and alcohol consumption significantly mod-
ified the association between METS-IR and CD  
(p for interaction < 0.05), and no interaction was 
observed for the remaining components (Table III). 

The positive association of TyG index with CD 
was consistent across the subgroups of females, 
non-Hispanic Whites, non-Hispanic Blacks, and 
other Hispanics, aged < 40 years, PIR < 3.5, edu-
cation beyond high school, less than high school 
education, current smokers, participants without 
depression, drinking, and non-drinking (p < 0.05). 
The interaction analysis showed that education 
significantly modified the positive association of 
TyG index with CD (p for interaction < 0.05), and 
no interaction was observed for the remaining 
components (Table III).

The positive association of HOMA-IR with 
CD was consistent in the subgroups of females, 
non-Hispanic Whites, education beyond high 
school, current smokers, and participants with de-
pression (p < 0.05). Interaction analysis showed 
no interaction for all components (p for interac-
tion > 0.05), as shown in Table III. 

ROC curve analysis of METS-IR, TyG index, 
and HOMA-IR with CD 

The ROC curves were used (Figures 3 A–C) to 
further examine the discriminative performance 
of IR indices for the prevalence of CD. The AUC of 
METS-IR was 0.645 (95% CI: 0.619–0.672), which 
was slightly higher than that of the TyG index 
(AUC = 0.644, 95% CI: 0.617–0.671) and HOMA-IR 
(AUC = 0.641, 95% CI: 0.614–0.668), as shown in 
Figures 3 A–C.

Discussion

Using cross-sectional data from U.S. adults  
(≥ 20 years) in NHANES (2005–2010), we discov-
ered that HOMA-IR exhibited a nonlinear positive 
correlation with CD. Separately, both METS-IR and 
TyG demonstrated significant positive linear cor-
relations with CD after adjustment for key demo-
graphic and lifestyle confounders. Furthermore, 
ROC curve analysis showed that METS-IR had the 
strongest diagnostic performance for CD. This in-
dicates that high scores of IR (METS-IR, HOMA-IR, 
and TyG) are highly associated with the preva-
lence of CD, suggesting the therapeutic potential 
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Table I. Demographic characteristics of participants

Characteristic N Overall Non-diarrhea CD P-value

Sex 5,606 0.027

Female 2,750 (50.08%) 2,497 (49.55%) 253 (56.63%)

Male 2,856 (49.92%) 2,655 (50.45%) 201 (43.37%)

Age 5,606 0.200

< 40 2,003 (36.94%) 1,875 (37.44%) 128 (30.79%)

> 60 1,730 (23.24%) 1,573 (23.19%) 157 (23.77%)

40–60 1,873 (39.82%) 1,704 (39.37%) 169 (45.44%)

Race 5,606 0.400

Mexican American 993 (7.13%) 892 (6.99%) 101 (8.87%)

Non-Hispanic Black 1,048 (10.14%) 960 (10.02%) 88 (11.64%)

Non-Hispanic White 2,902 (73.87%) 2,695 (74.17%) 207 (70.23%)

Other Hispanic 430 (3.81%) 389 (3.74%) 41 (4.74%)

Other race 233 (5.04%) 216 (5.08%) 17 (4.52%)

Education 5,606 0.004

< High school diploma 1,488 (17.19%) 1,308 (16.54%) 180 (25.20%)

> High school diploma 2,781 (58.63%) 2,608 (59.26%) 173 (50.84%)

High school diploma/equivalent 1,337 (24.19%) 1,236 (24.21%) 101 (23.95%)

Family-PIR 5,606 0.027

< 1.3 1,033 (12.19%) 910 (11.82%) 123 (16.74%)

> 3.5 2,404 (52.34%) 2,244 (53.00%) 160 (44.17%)

1.3–3.5 2,169 (35.48%) 1,998 (35.18%) 171 (39.09%)

Alcohol consumption 5,606 0.200

No 1,528 (22.97%) 1,388 (22.65%) 140 (26.97%)

Yes 4,078 (77.03%) 3,764 (77.35%) 314 (73.03%)

Smoking status 5,606 0.032

Before 1,497 (26.02%) 1,380 (26.15%) 117 (24.40%)

Never 2,886 (50.97%) 2,670 (51.42%) 216 (45.36%)

Now 1,223 (23.01%) 1,102 (22.43%) 121 (30.24%)

Caffeine intake 5,606 128.00  
(29.00, 274.00)

128.00  
(29.00, 274.00)

130.00  
(36.00, 296.00)

0.400

DM 5,606 < 0.001

No 4,825 (89.94%) 4,470 (90.54%) 355 (82.64%)

Yes 781 (10.06%) 682 (9.46%) 99 (17.36%)

Depression 5,606 < 0.001

No 5,181 (93.56%) 4,803 (94.22%) 378 (85.43%)

Ye 425 (6.44%) 349 (5.78%) 76 (14.57%)

TyG 5,606 8.63 (8.25, 9.06) 8.62 (8.24, 9.04) 8.78 (8.41, 9.24) < 0.001

HOMA-IR 5,606 2.29 (1.38, 4.06) 2.26 (1.37, 4.01) 2.79 (1.62, 4.97) < 0.001

METS-IR 5,606 2.07 (1.89, 2.26) 2.06 (1.89, 2.25) 2.14 (1.95, 2.34) < 0.001

Fasting plasma glucose [mmol/l] 5,606 5.50 (5.11, 6.00) 5.50 (5.11, 5.94) 5.61 (5.22, 6.27) 0.002

Fasting insulin [μU/ml] 5,606 9.24 (5.77, 15.42) 9.13 (5.71, 15.26) 10.41 (6.66, 18.17) 0.002

Triglyceride [mg/dl] 5,606 112.00  
(78.00, 162.00)

111.00  
(78.00, 160.00)

125.00  
(88.00, 187.00)

< 0.001

Direct HDL-C [mg/dl] 5,606 52.00 (42.00, 64.00)52.00 (42.00, 64.00)49.00 (41.00, 60.00) 0.009

Body mass index [kg/m2] 5,606 27.64 (24.10, 32.19)27.48 (24.05, 31.93)29.29 (24.94, 34.89) < 0.001

DM – diabetes mellitus, PIR – poverty-to-income ratio, HOMA-IR – homeostasis model assessment of insulin resistance, METS-IR – 
metabolic score for insulin resistance, HDL-C – high-density lipoprotein cholesterol.
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Table II. Weighted logistic regression analysis of the association of TyG index, METS-IR, and HOMA-IR with CD 

Participants Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

METS-IR

 Continuous 2.13 (1.52, 2.98) < 0.001 2.57 (1.74, 3.81) < 0.001 2.00 (1.31, 3.06) 0.002

 Tertiles

 T1 Ref Ref Ref

 T2 1.26 (0.86, 1.83) 0.200 1.32 (0.91, 1.94) 0.140 1.25 (0.84, 1.86) 0.300 

 T3 1.91 (1.43, 2.55) < 0.001 2.18 (1.57, 3.03) < 0.001 1.89 (1.34, 2.68) < 0.001

TyG

 Continuous 1.47 (1.26, 1.73) < 0.001 1.51 (1.26, 1.80) < 0.001 1.35 (1.12, 1.63) 0.003

 Tertiles

 T1 Ref Ref Ref

 T2 1.38 (0.95, 2.00) 0.087 1.44 (0.95, 2.00) 0.065 1.38 (0.94, 2.02) 0.100 

 T3 1.84 (1.31, 2.59) < 0.001 1.90 (1.31, 2.77) 0.001 1.64 (1.11, 2.43) 0.014

HOMA-IR

 Continuous 1.03 (1.01, 1.04) 0.006 1.02 (1.01, 1.04) 0.010 1.02 (1.00, 1.03) 0.036

 Tertiles

 T1 Ref Ref Ref

 T2 1.36 (0.97, 1.90) 0.072 1.34 (0.95, 1.87) 0.090 1.35 (0.98, 1.86) 0.064

 T3 1.67 (1.27, 2.20) < 0.001 1.62 (1.23, 2.13) 0.001 1.44 (1.07, 1.94) 0.017

Note: Model 1 was not adjusted; model 2 was adjusted for age, sex, and race; model 3 was further adjusted for education, poverty-
to-income ratio, body mass index, smoking status, alcohol consumption, caffeine intake, history of depression, and history of diabetes 
mellitus, on the basis of model 2.

Figure 2. RCS analysis of the association of  
HOMA-IR (A), METS-IR (B), and TyG (C) with CD
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Figure 3. ROC curves of METS-IR (A), TyG index (B), 
and HOMA-IR (C) for discriminating CD

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

1.0

0.8

0.6

0.4

0.2

0

Se
ns

it
iv

it
y

Se
ns

it
iv

it
y

Se
ns

it
iv

it
y

A

C

B

	 0	 0.2	 0.4	 0.6	 0.8	 1.0

1 – specificity

	 0	 0.2	 0.4	 0.6	 0.8	 1.0

1 – specificity

	 0	 0.2	 0.4	 0.6	 0.8	 1.0

1 – specificity

AUC = 0.645

95% CI: 0.619–0.672

AUC = 0.614

95% CI: 0.614–0.668

AUC = 0.644

95% CI: 0.617–0.671

ROC curve: METS-IR

ROC curve: HOMA-IR

ROC curve: TyG

of targeting IR in CD patients. Previous studies 
have also shown that the incidence of gastrointes-
tinal symptoms in patients with diabetes is higher 
than that in the general population. The fasting 
blood glucose level of patients with gastrointesti-
nal symptoms is significantly higher than that of 
patients without gastrointestinal symptoms, and 
diabetes patients with gastrointestinal symptoms 
have a worse quality of life [23, 24]. Patients with 
high IR index scores should be given appropriate 
guidance as early as possible to control them at 
a lower level. This may be beneficial for reducing 
the risk of CD and optimizing the quality of life for 
patients.

Studies of recent years have shown that gut 
microbiota disorders may be involved in IR by af-
fecting host metabolism, immunity, and intestinal 
barrier integrity [25, 26]. The butyric acid-produc-
ing bacteria Faecalibacterium prausnitzii and Clos-
tridium leptum were both negatively correlated 
with HOMA-IR [27]. Meanwhile, the abundance 
of Faecalibacterium prausnitzii and Clostridium 
leptum was significantly lower in inflammatory 
bowel disease, which is a common disorder char-
acterized by CD [28–30]. This suggests that butyr-

ic acid-producing bacteria may be associated with 
both CD and HOMA-IR. Additional studies suggest 
that short-chain fatty acids, encompassing acetic 
acid and butyric acid, may influence both CD and 
IR through the mediation of 5-hydroxytryptamine 
(5-HT) [31, 32]. The gut microbiota and its other 
product, bile acids, form the bile acid-gut microbi-
ota axis. Disruption at either end of this axis may 
be associated with IR [33, 34]. Furthermore, gut 
microbiota dysbiosis may elevate the permeabil-
ity of the intestinal mucosa, leading to increased 
production of inflammatory mediators, including  
IL-6, which may contribute to IR [35]. Inflammatory 
mediators such as IL-6 and IL-1B affect peristalsis, 
secretion and reabsorption and may be involved 
in the pathogenesis of CD [36]. Supplementation 
with Bifidobacterium preparations can reduce gas-
trointestinal symptoms, alleviate low-level inflam-
mation in individuals with type 2 diabetes, and 
improve glucose metabolism and IR [37, 38]. From 
the above, it can be seen that gut microbiota is 
a critical node in the interaction between CD and 
IR. The mediators involved in this process include 
not only short-chain fatty acids, 5-HT, bile acids, 
and inflammatory mediators, but also numerous 
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other factors. Therefore, whether gut microbiota 
plays a promoting or suppressing role in CD and 
IR depends on the types, proportions, and relative 
activity of mediating molecules. In our research, 
a  positive linear association between IR and CD 
was observed. Hence, it can be hypothesized that 
IR and CD may be associated through gut micro-
biota and its metabolite derivatives, although this 
requires further investigation.

In addition, the present research revealed sex- 
specific differences in the association of METS-IR 
with the prevalence of CD, with a  stronger asso-
ciation observed in women. This may be related 
to differences in the synthesis of estrogens and 
serotonin in the brain, which also involves the 
functions of gut microbiota and inflammatory me-
diators [34, 35]. Education partly reflects the socio-
economic status of an individual. Lower education 
levels may be associated with limited healthcare 
access and suboptimal hygiene and health literacy, 
which may result in delayed medical consultation 
and reduced compliance. These factors may con-
tribute to differences in IR and increase suscepti-
bility to CD, ultimately leading to variations in the 
prevalence of CD across education levels.

This study has the following strengths. First, it 
is among the first studies to identify an associ-
ation between IR and CD. The study has a clear 
sample selection process, sufficient sample size, 
and reliable data sources, which contribute to the 
reliability of the results. Second, the TyG index, 
METS-IR, and HOMA-IR are accessible and wide-
ly used non-invasive methods. Their relation-
ship with the prevalence of diarrhea is readily 
apparent. Elevated levels of these indices were 
associated with a higher prevalence of diarrhea, 
suggesting that patients with metabolic abnor-
malities may benefit from assessment of IR and 
appropriate metabolic management. These ap-
proaches may help inform further research into 
diagnostic, therapeutic, and preventive strate-
gies, thereby providing potentially useful infor-
mation for clinical practice.

There are certain limitations in this research. 
First, the data were drawn from NHANES, and 
most of the participants were from non-Hispan-
ic White, non-Hispanic Black, and Hispanic pop-
ulations. Their physical conditions and lifestyles 
differed greatly from those of Asians. Therefore, 
the findings need to be corroborated in studies 
with Asian cohorts. Second, despite adjustment 
for some confounders, the potential influence of 
residual confounders cannot be excluded, such as 
bile acid malabsorption. Third, this is a cross-sec-
tional investigation, which assesses chronic diar-
rhea and IR at the same time. Hence, the tempo-
ral relationship between CD and IR could not be 
determined, and causality cannot be established. 

Future prospective cohort studies could integrate 
bile acid metabolism and the characteristics of gut 
microbiota to provide further evidence regarding 
the temporal and potentially causal relationship 
between IR and CD.
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