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Abstract
Background
Prior studies have indicated a notable link between gut health and metabolic syndrome (MetS). The cardiometabolic index (CMI), an innovative indicator of metabolic health, effectively predicts MetS. Bowel movement frequency (BMF) closely reflects gastrointestinal function and is a key sign of gut health. Nonetheless, the relationship between CMI and BMF is still unclear. Our research explores the possible association between these two variables.

Methods
This study employed 2005 to 2010 National Health and Nutrition Examination Survey data. The CMI for each participant was determined by triglycerides, high-density lipoprotein cholesterol, and the waist-to-hip ratio. Multiple regression, smooth curve fitting, and threshold effect analyses were employed to investigate the association between CMI and BMF. The association’s stability across populations was assessed through subgroup analyses and interaction tests.

Results
The study included 9,678 participants in total. After controlling for potential confounding variables, those in the uppermost CMI quartile had a 0.69 more increase in BMF than the bottom quartile (β = 0.69, 95% CI: 0.34, 1.03). The trend analyses showed that BMF increased steadily with the advancement of the CMI quartiles (P for trend < 0.0001). Associations between CMI and BMF were shown to be nonlinear through smooth curve fitting and threshold effect analyses. Specifically, when CMI ranged from 4.97 to 11.75, a negative connection was observed (β = -0.78, 95% CI: -1.33, -0.23), while positive associations were identified in other ranges. Subgroup analyses and interaction tests indicated significant CMI and BMF association variations when stratified by depression and age categories (P for interaction < 0.05).

Conclusions
This research indicates that CMI is generally associated with an increase in BMF. However, when CMI ranges from 4.97 to 11.75, it is associated with a BMF decrease. Notably, the association of CMI and BMF is more potent in young, middle-aged, and depressed people.
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Introduction
Metabolic Syndrome (MetS) is a disorder marked by abdominal obesity, insulin resistance, dyslipidemia, and hypertension, which is closely linked to cardiovascular diseases, diabetes, and all-cause mortality [1]. Recent studies have revealed that the pathophysiological mechanisms of MetS extend beyond traditional cardiovascular and metabolic organ damage and may also be related to gut function [2]. For example, insulin resistance can affect the balance of gut microbiota [3]; dyslipidemia worsens intestinal inflammation and harms the mucosa [4]. These findings all imply an association between MetS and gut health.
The cardiometabolic index (CMI) has gained recognition as a promising biomarker with great potential in the prediction realm of MetS [5, 6]. Calculated as the product of the triglycerides (TG) to the high-density lipoprotein cholesterol (HDL-C) ratio and waist-to-height ratio (WHtR). In contrast to mass index (BMI), WHtR demonstrates greater accuracy as an indicator of metabolic and cardiovascular risk [7]. In addition, the TG/HDL-C ratio is significantly related to dysregulated lipid metabolism and MetS advancement [8, 9]. By combining these two indices, the CMI can provide a holistic evaluation of metabolic status. Nevertheless, the relationship between CMI and gut function has not been thoroughly investigated in any research.
The proper functioning of the gastrointestinal tract is crucial for overall health. Bowel movement frequency (BMF) serves as a critical indicator of gut health, closely reflecting gut function [10]. Beyond this, the maintenance of healthy bowel habits is essential in preventing and managing various pathologies, particularly cardiovascular disorders [11], chronic kidney disease [12], and anorectal disorders [13]. Recent studies have shown that BMF is strongly linked to overall health, further emphasizing its importance [14].
Although the regulatory mechanisms of BMF remain incompletely elucidated, it is clear that its regulatory network is highly complex [15]. This network involves multiple factors, including demographic characteristics [16], neural regulation [17], dietary habits [18], gut microbiota [19], physical activity [20], and psychological state [21], all of which can influence BMF. With advances in medical research, numerous studies have demonstrated that components of MetS, including obesity [22], type 2 diabetes [23], and hyperlipidemia [24], are correlated with abnormal bowel habits. Therefore, there is a complex association between gut function and MetS.
Therefore, conducting in-depth research on the association between MetS and gut function is significant. The association between CMI and BMF remains incompletely characterized in current research. To address this knowledge gap, we designed a cross-sectional study leveraging the National Health and Nutrition Examination Survey (NHANES) database to investigate the CMI-BMF association. By adopting this method, our objective is to offer new ideas for treatment and management strategies for patients with MetS and gastrointestinal dysfunction while promoting the development of interdisciplinary management approaches.

Methods
Data sources
This study utilized data from NHANES, a population-based epidemiological program assessing health risks and nutritional profiles of non-institutionalized U.S. residents through standardized examinations. This database employed complicated, stratified, multi-stage probability cluster sampling to get a cross-section of United States citizens. This sampling method involves interviews, physical assessments, and laboratory analyses, all of which are carried out on a biennial basis. Consequently, the sample precisely mirrors the demographic traits of the U.S. population. After the ethics review board’s approval, participants signed informed consent forms. Each process adhered to international research ethics guidelines and federal data protection laws.

Participants screening
Between 2005 and 2010, conducted NHANES cycles were the data employed in this study, as only these cycles included the bowel health questionnaire data. Initially, 31,034 participants were enrolled. Subsequently, the following exclusion criteria were used to evaluate participants: (1) absence of BMF and bowel movement type data; (2) missing data required for CMI calculation, including waist circumference (WC), height (H), TG, and HDL-C; (3) pregnancy during the survey; (4) history of cancer; (5) recent use of antidiarrheal or laxative medications; and (6) incomplete covariables data. After applying rigorous eligibility filters, 9,678 subjects met the study requirements and proceeded to subsequent analyses. Figure 1 illustrates the detailed overview of the participants’ selection flowchart.
[image: ]
Fig. 1Participants screening flowchart
Abbreviations: NHANES: National Health and Nutrition Examination Survey; BMF: Bowel movement frequency; CMI: Cardiometabolic index



Exposure variable
In this study, CMI, the exposure variable, is a newly established index designed to evaluate metabolic health status. The calculation of CMI involves several physiological indicators, including WC, H, TG, and HDL-C. TG is measured using the Beckman Synchron LX20 with a timed endpoint method, and the unit is expressed in mmol/L. HDL-C is measured using the direct immunoassay method, with the unit also expressed in mmol/L. WC and H are measured by trained health technicians using standardized methods, with the units expressed in centimeters. The CMI calculation formula is as follows [5]:
[image: $$CMI=\frac{TG}{HDL-C} \times \frac{WC}{H}$$]





Outcome variable
BMF was evaluated through a bowel health questionnaire that included the inquiry, “How often do you usually have bowel movements?” The responses, initially reported in “times per day,” were subsequently converted into “times per week” to standardize the data to a consistent weekly unit. At the same time, we also investigated the association between BMF and diarrhea or constipation. Employing the Bristol Stool Form Scale to categorize participants’ bowel movements, we defined Type 1 and Type 2 stools as constipation, Types 3 to 5 as normal, and Types 6 or 7 as diarrhea.

Selection of covariables
To make the associated results more robust, we incorporated multiple confounding factors that might affect the results in this study, including sex, age, race, poverty-income ratio (PIR), education level, smoking [25], drinking [26], moderate activity [27], BMI [28], diabetes [23], gastrointestinal diseases, hypertension [29], depression [30], sleep disorders [31], and various dietary factors (e.g., energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine intake) [32], as guided by previous research and clinical experience.
Smoking and drinking were determined by standardized questionnaires, with thresholds defined as ≥ 100 lifetime cigarettes smoked and ≥ 12 alcoholic beverages consumed annually. The Patient Health Questionnaire-9 was utilized to assess depression, where scores ≥ 10 met the diagnostic threshold [33]. The diagnoses of diabetes, hypertension, and sleep disorders were based on medical records. Gastrointestinal diseases and moderate activity were assessed through participant questionnaires. The intake of energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine was determined by calculating the mean consumption over a two-day period.
The study population was stratified by age into three cohorts: young (20–40 years), middle-aged (40–60 years), and elderly (≥ 60 years). Following the same stratification approach, PIR classified participants into lower-income (PIR < 1), intermediate-income (1 ≤ PIR < 4), and higher-income (PIR ≥ 4) categories. BMI categorization included normal-range weight (25 kg/m²), overweight (25–30 kg/m²), and obese (≥ 30 kg/m²) classifications.

Statistical analysis
Statistical significance was determined in all statistical computations using a two-tailed P-value < 0.05. All statistical analyses utilized the R Studio (version 4.4.2) and the EmpowerStats (version 4.2) analytical platforms. In the data analyses of this study, the data from three cycles of Full Sample 2 Year MEC Exam Weight (WTMEC2YR) were used for weighting to ensure nationally representative estimates. This study described continuous variables using the median with interquartile range or the mean with 95% confidence intervals (CI). It analyzed them for intergroup differences using the Kruskal-Wallis test or ANOVA. Categorical variables were reported as sample counts with weighted percentages. It analyzed them for intergroup evaluation through the survey-weighted Chi-square test.
Meanwhile, potential confounding covariables were considered to enhance the accuracy of the outcomes, and multiple covariables were adjusted in the statistical model. The non-adjusted model includes no covariable adjustments, and the minimally adjusted model controls for gender, age, and race. In addition to these adjustments, the fully adjusted model also accounts for education level, PIR, smoking, drinking, moderate activity, BMI, diabetes, gastrointestinal diseases, hypertension, depression, sleep disorders, and dietary factors such as energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine. All three models of multiple regression analyses were employed, and the fully adjusted model was utilized in other analyses.
The association between the two variables was evaluated through multiple regression analyses by EmpowerStats. CMI data were categorized into quartiles to analyze trends in the association with BMF. Results are presented as β coefficients or odds ratio (OR) followed by their corresponding 95% CI. Moreover, the nonlinear association between the two variables was explored by smooth curve fitting using the “gam” function in the mgcv package. Simultaneously, the inflection point was determined through threshold effect analysis. Interaction tests and subgroup analyses were implemented to assess potential heterogeneity in the research results.


Results
Baseline characteristics of participants
Table 1 and Table S1 present the essential characteristics of the study population categorized by CMI and BMF, respectively. Generally, this research had a total of 9,678 individuals. There were 49.25% males and 50.75% females among these participants. The median CMI for all participants was 0.62 (0.34, 1.16), with the quartile ranges as follows: first quartile < 0.34, second quartile 0.34 to 0.62, third quartile 0.62 to 1.16, and fourth quartile > 1.16.
In the quartile distribution of CMI, BMF growth corresponded with the ascent of the quartiles of the CMI (P < 0.0001). The distribution of bowel movement type across groups showed no statistically significant difference (P = 0.0663). Participants categorized within the uppermost quartile of CMI exhibited a higher prevalence of middle-aged male predominance, smoking, and comorbid conditions, including diabetes, hypertension, depression, and sleep disorders, compared to individuals categorized within the lowest quartile group. Furthermore, participants from the top CMI quartile generally demonstrated higher BMI values and consumed more protein, fat, caffeine, and energy.
Within the BMF stratification, the proportion of females, younger individuals, those with low income, and those experiencing constipation were much greater with the lower BMF group than other groups. In the higher BMF group, the proportions of individuals with hypertension, diabetes, diarrhea, and obesity, as well as energy and macronutrient (protein, fat, carbohydrate) intake, were significantly higher than in other groups. Additionally, the abnormal BMF group has greater incidences of depression and gastrointestinal diseases than the normal group.
Table 1Demographic profiles according to CMI quartile distribution


	Characteristics
	Overall
	Quartiles of CMI
	P-value

	Quartile 1
	Quartile 2
	Quartile 3
	Quartile 4

	< 0.34
	(0.34–0.62)
	(0.62–1.16)
	> 1.16

	N
	9678
	2420
	2419
	2419
	2420
	 
	CMI
	0.62 (0.34, 1.16)
	0.23 (0.17, 0.28)
	0.46 (0.40, 0.54)
	0.84 (0.72, 0.99)
	1.80 (1.39, 2.58)
	< 0.0001

	BMF
	9.23 (9.10, 9.35)
	8.48 (8.27, 8.68)
	8.91 (8.68, 9.13)
	9.51 (9.22, 9.81)
	10.10 (9.81, 10.38)
	< 0.0001

	Gender
	 	 	 	 	 	< 0.0001

	Male
	4840 (49.25)
	936 (35.62)
	1109 (44.90)
	1283 (54.43)
	1512 (63.53)
	 
	Female
	4838 (50.75)
	1484 (64.38)
	1310 (55.10)
	1136 (45.57)
	908 (36.47)
	 
	Age (years)
	48.00 (34.00, 62.00)
	42.00 (29.00, 58.00)
	47.00 (34.00, 63.00)
	51.00 (37.00, 64.00)
	49.00 (38.00, 62.00)
	< 0.0001

	Age group
	 	 	 	 	 	< 0.0001

	Young
	3308 (37.40)
	1069 (46.16)
	847 (38.62)
	709 (32.95)
	683 (30.97)
	 
	Middle
	3450 (41.94)
	783 (38.14)
	825 (40.73)
	855 (41.64)
	987 (47.65)
	 
	Elderly
	2920 (20.67)
	568 (15.70)
	747 (20.64)
	855 (25.41)
	750 (21.38)
	 
	Race
	 	 	 	 	 	< 0.0001

	Mexican American
	1769 (7.94)
	275 (5.27)
	390 (6.98)
	503 (9.04)
	601 (10.75)
	 
	Non-Hispanic White
	4842 (72.29)
	1183 (71.16)
	1185 (71.45)
	1209 (72.34)
	1265 (74.38)
	 
	Non-Hispanic Black
	1894 (10.38)
	685 (14.48)
	557 (12.26)
	404 (8.67)
	248 (5.61)
	 
	Other Race
	1173 (9.39)
	277 (9.09)
	287 (9.32)
	303 (9.95)
	306 (9.26)
	 
	Education Level
	 	 	 	 	 	< 0.0001

	Less Than High School
	2547 (16.97)
	468 (12.28)
	589 (16.35)
	719 (18.88)
	771 (20.85)
	 
	High School Graduate
	2306 (24.00)
	531 (20.52)
	569 (22.73)
	565 (24.14)
	641 (29.00)
	 
	More Than High School
	4825 (59.03)
	1421 (67.20)
	1261 (60.92)
	1135 (56.98)
	1008 (50.15)
	 
	PIR group
	 	 	 	 	 	0.0006

	Low income
	1840 (12.01)
	418 (11.32)
	416 (10.74)
	470 (12.42)
	536 (13.69)
	 
	Middle income
	5214 (49.91)
	1252 (47.79)
	1309 (50.54)
	1308 (49.30)
	1345 (52.20)
	 
	High income
	2624 (38.08)
	750 (40.89)
	694 (38.72)
	641 (38.29)
	539 (34.11)
	 
	BMI group
	 	 	 	 	 	< 0.0001

	Normal
	2710 (30.71)
	1383 (62.37)
	734 (32.23)
	400 (17.22)
	193 (7.96)
	 
	Overweight
	3349 (34.04)
	702 (26.58)
	933 (39.28)
	921 (39.60)
	793 (31.15)
	 
	Obesity
	3619 (35.25)
	335 (11.05)
	752 (28.49)
	1098 (43.18)
	1434 (60.88)
	 
	Energy (kcal/d)
	1932.50
(1471.00, 2506.00)
	1895.50
(1468.88, 2473.50)
	1905.00
(1465.00, 2482.75)
	1892.00
(1423.75, 2411.00)
	2051.00
(1547.50, 2624.50)
	< 0.0001

	Protein (gm/d)
	75.03
(56.25, 98.22)
	73.85
(54.95, 96.87)
	73.53
(55.45, 96.78)
	73.58
(54.97, 95.09)
	78.73
(59.45, 103.50)
	< 0.0001

	Carbohydrate (gm/d)
	236.03
(178.19, 307.83)
	228.68
(173.05, 297.63)
	234.43
(177.06, 300.32)
	233.16
(174.35, 300.88)
	249.31
(186.96, 325.54)
	< 0.0001

	Dietary fiber (gm/d)
	14.75
(10.40, 20.45)
	14.80
(10.05, 20.56)
	14.45
(10.38, 20.35)
	14.45
(10.50, 20.05)
	15.12
(10.69, 21.00)
	0.0113

	Total fat (gm/d)
	70.52 (50.11, 96.69)
	69.37 (50.07, 94.91)
	70.02 (50.85, 96.13)
	69.17 (48.11, 94.25)
	73.34 (51.61, 101.75)
	< 0.0001

	Caffeine (mg/d)
	103.50
(32.50, 215.50)
	92.00
(23.50, 201.50)
	102.00
(29.00, 209.50)
	104.00
(34.75, 217.00)
	116.00
(43.50, 235.62)
	< 0.0001

	Moisture (mg/d)
	2556.24
(1930.92, 3382.56)
	2529.64
(1894.00, 3330.76)
	2496.97
(1897.31, 3312.94)
	2494.23
(1893.11, 3301.30)
	2690.74
(2062.11, 3536.35)
	< 0.0001

	Gastrointestinal diseases
	 	 	 	 	 	0.4981

	Yes
	818 (8.34)
	188 (7.73)
	204 (9.04)
	206 (8.01)
	220 (8.60)
	 
	No
	8860 (91.66)
	2243 (92.27)
	2215 (90.96)
	2213 (91.99)
	2200 (91.40)
	 
	Sleep disorders
	 	 	 	 	 	< 0.0001

	Yes
	706 (7.19)
	97 (4.03)
	153 (5.99)
	199 (7.94)
	257 (11.14)
	 
	No
	8972 (92.81)
	2323 (95.97)
	2266 (94.01)
	2220 (92.06)
	2163 (88.86)
	 
	Diabetes
	 	 	 	 	 	< 0.0001

	Yes
	1039 (7.56)
	128 (3.76)
	218 (5.86)
	306 (8.80)
	387 (12.27)
	 
	No
	8639 (92.44)
	2292 (96.24)
	2201 (94.14)
	2113 (91.20)
	2033 (87.73)
	 
	Hypertension
	 	 	 	 	 	< 0.0001

	Yes
	3217 (29.08)
	523 (16.84 )
	743 (25.97)
	929 (34.69)
	1022 (40.12)
	 
	No
	6461 (70.92)
	1897 (83.16)
	1676 (74.03)
	1490 (65.31)
	1398 (59.88)
	 
	Depression
	 	 	 	 	 	0.0011

	Yes
	810 (6.74)
	164 (5.48)
	170 (5.86)
	225 (7.47)
	251 (8.31)
	 
	No
	8868 (93.26)
	2256 (94.52)
	2249 (94.14)
	2194 (92.53)
	2169 (91.69)
	 
	Smoking
	 	 	 	 	 	< 0.0001

	Yes
	4552 (46.45)
	1002 (41.45)
	1083 (44.95)
	1203 (49.04)
	1264 (50.92)
	 
	No
	5126 (53.55)
	1418 (58.55)
	1336 (55.05)
	1216 (50.96)
	1156 (49.08)
	 
	Drinking
	 	 	 	 	 	0.4290

	Yes
	7012 (76.68)
	1781 (78.38)
	1736 (76.24)
	1733 (75.89)
	1762 (76.09)
	 
	No
	2666 (23.32)
	639 (21.62)
	683 (23.76)
	686 (24.11)
	658 (23.91)
	 
	Moderate activity
	 	 	 	 	 	0.0708

	Yes
	4241 (48.64)
	1126 (51.10)
	1050 (46.90)
	1042 (48.95)
	1023 (47.44)
	 
	No
	5437 (51.36)
	1294 (48.90)
	1369 (53.10)
	1377 (51.05)
	1397 (52.56)
	 
	Bowel movement type
	 	 	 	 	 	0.0663

	Constipation
	697 (6.52)
	190 (7.33)
	178 (6.84)
	168 (5.75)
	161 (6.05)
	 
	Normal
	8277 (87.18)
	2093 (87.52)
	2066 (86.38)
	2063 (88.12)
	2055 (86.73)
	 
	Diarrhea
	704 (6.30)
	137 (5.15)
	175 (6.78)
	188 (6.13)
	204 (7.22)
	 

Note: Categorical variables were presented as sample counts and weighted percentages, and continuous variables were presented as median and interquartile range or weighted mean and 95% confidence intervals; CMI: Cardiometabolic index; BMF: Bowel movement frequency; PIR: Poverty-income ratio; BMI: Body mass index




Association between CMI and BMF
The findings of the multiple regression analysis demonstrated that an association exists between CMI and BMF. In the fully adjusted model, upon classifying CMI into quartiles, the trend analysis showed that as the CMI quartiles increased, BMF exhibited a consistent upward trend (P for trend = 0.0015). Specifically, the greatest CMI quartile demonstrated an additional increase of 0.69 in BMF for each one-unit rise in CMI as contrasted with the lowest (β = 0.69, 95% CI: 0.349, 1.03). Table 2 displays the results of the multiple regression analysis.
Meanwhile, Table S2 and Table S3 present the outcomes of the multiple regression analysis between CMI and diarrhea or constipation, respectively. Neither constipation nor diarrhea was associated with CMI in the fully adjusted model (P > 0.05). Additionally, the P for trend among CMI quartiles exceeded 0.05 insignificance.
Table 2Multiple regression analysis between CMI and BMF


	 	Non-adjusted model
	Minimally adjusted model
	Fully adjusted model

	β (95% CI)
	β (95% CI)
	β (95% CI)

	CMI (quartile)
	 	 	 
	Quartile 1
	Reference
	Reference
	Reference

	Quartile 2
	0.43 (0.14, 0.72)
	0.25 (-0.04, 0.54)
	0.12 (-0.18, 0.41)

	Quartile 3
	1.04 (0.74, 1.33)
	0.68 (0.38, 0.98)
	0.47 (0.15, 0.79)

	Quartile 4
	1.62 (1.32, 1.91)
	1.10 (0.80, 1.41)
	0.69 (0.34, 1.03)

	P for trend
	< 0.0001
	< 0.0001
	0.0015


Note: Non-adjusted model: Analysis without covariable adjustment; Minimally adjusted model: Adjusted for demographic covariables (gender, age, race); Fully adjusted model: Adjustments were made for age, sex, race, education level, poverty income ratio, smoking, drinking, moderate activity, body mass index, diabetes, gastrointestinal diseases, hypertension, depression, sleep disorders, and dietary factors such as energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine; CI: Confidence intervals; CMI: Cardiometabolic index



The smooth curve fitting test shows a nonlinear association between the CMI and BMF (P = 0.0001). According to the fitted curve, CMI and BMF are often associated positively. Nonetheless, a declining trend is evident in specific regions, suggesting potential threshold effects. The outcomes of the smooth curve fitting are presented in Fig. 2.
[image: ]
Fig. 2Nonlinear association between CMI and BMF derived from smooth curve fitting
Note: Smooth curve fitting demonstrates the relationship between CMI and BMF. In the resulting graph, the y-axis represents BMF, and the x-axis represents CMI. The solid red line is the smoothing curve that models the link between CMI and BMF. The blue dotted lines represent the 95% confidence interval obtained from the fit; Model adjusted for age, sex, race, education level, poverty income ratio, smoking, drinking, moderate activity, body mass index, diabetes, gastrointestinal diseases, hypertension, depression, sleep disorders, and dietary factors such as energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine; CM: Cardiometabolic index; BMF: Bowel movement frequency


Additionally, a threshold effect analysis identified two critical inflection points at 4.97 and 11.75, with both likelihood ratio test P-values below 0.05. When CMI is below 4.97, there is a positive association with BMF (β = 0.30, 95% CI: 0.17, 0.43). When CMI is between 4.97 and 11.75, a negative association with BMF is seen (β = -0.78, 95% CI: -1.33, -0.23). When CMI exceeds 11.75, a direct association is observed again (β = 0.36, 95% CI: 0.03, 0.69). The comprehensive findings of the threshold effect analysis are shown in Table 3.
Table 3Threshold effect analysis between CMI and BMF


	 	Fully adjusted model
β (95% CI)
	Log likelihood ratio

	Fitting by the two-piecewise linear model
	 	 
	Inflection point I
	4.97
	0.012

	CMI < 4.97
	0.30 (0.17, 0.43)
	 
	Inflection point II
	11.75
	0.002

	CMI between 4.97 and 11.75
	−0.78 (−1.33,−0.23)
	 
	CMI > 11.75
	0.36 (0.03, 0.69)
	 

Note: Fully adjusted model: Adjustments were made for age, sex, race, education level, poverty income ratio, smoking, drinking, moderate activity, body mass index, diabetes, gastrointestinal diseases, hypertension, depression, sleep disorders, and dietary factors such as energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine; CI: Confidence intervals; CMI: Cardiometabolic index; BMF: Bowel movement frequency




Subgroup analyses
The impact of stratified population heterogeneity was assessed by subgroup analyses and interaction tests. Significant interaction effects emerged in age and depression subgroups (P < 0.05). Each one-unit rise in CMI was associated in the age subgroup with a 0.31 increase in BMF in youth (β = 0.31, 95% CI: 0.17, 0.45) and a 0.11 increase in middle-aged (β = 0.11, 95% CI: 0.00, 0.22). Conversely, insignificant association was seen in the elderly participants (β = 0.09, 95% CI: -0.10, 0.28). Within the depression subgroup, a one-unit growth in CMI was associated with a 0.44 rise in BMF among participants with depression (β = 0.44, 95% CI: 0.16, 0.72), which was substantially higher than the 0.15 increase observed in non-depressed individuals (β = 0.15, 95% CI: 0.06, 0.23). Furthermore, our research revealed an absence of interaction related to another subgroup between CMI and BMF (P for interaction > 0.05). Figure 3 visually depicts differences across different subgroup strata through forest plot representations.
[image: ]
Fig. 3Subgroup analyses for the association between CMI and BMF
Note: In the subgroup analyses, each subgroup was adjusted for age, sex, race, education level, poverty income ratio, smoking, drinking, moderate activity, body mass index, diabetes, gastrointestinal diseases, hypertension, depression, sleep disorders, and dietary factors such as energy, total fat, moisture, dietary fiber, protein, carbohydrate, and caffeine, except itself; CI: Confidence intervals; CMI: Cardiometabolic index; BMF: Bowel movement frequency; PIR: Poverty-income ratio




Discussion
By investigating the intricate association between CMI and BMF, this study advances understanding of the connections between MetS and gut health. The results show that, as the CMI quartile increases, BMF exhibits a consistent upward trend. Further threshold analysis and smoothing curve fitting revealed a nonlinear link between CMI and BMF. A negative association was observed when the CMI values ranged from 4.97 to 11.75, while a positive association was found in other ranges. Subgroup analyses and interaction tests indicated that age and depression significantly influenced this relationship. Furthermore, our analysis indicated that CMI was not significantly associated with either constipation or diarrhea.
Maintaining a proper BMF is essential for preserving a high quality of life. However, the mechanism of interaction between CMI and BMF remains unclear. Previous studies have shown that there is a connection between bowel habits and a number of indications of obesity. For example, a study conducted on the American population identified a notable association between chronic diarrhea and increased levels of the Visceral Adiposity Index (VAI) [34]. In a similar vein, Yang et al. [35] reported a strong positive association between an increased weight-adjusted waist circumference index (WWI) and chronic diarrhea. These findings provide factual support for our claim that elevated CMI quartile association with heightened BMF. Firstly, the baseline data indicate that individuals with higher CMI values tend to have greater dietary intake, which may contribute to increased BMF. Secondly, compared with normal individuals, obese individuals, particularly those with abdominal obesity or insulin resistance, tend to have elevated plasma bile acid levels [36]. Excess bile acids can stimulate intestinal peristalsis, leading to increased BMF [37]. Moreover, decreased HDL-C and elevated TG values are linked to increased inflammation and oxidative stress [38–40]. These factors can damage intestinal epithelial cells, increase intestinal permeability, and impair barrier function, ultimately contributing to increased BMF [41]. Additionally, individuals with a higher BMF typically consume more carbohydrates and fats. This dietary pattern is closely linked to a heightened incidence of hypertension and diabetes. In turn, these conditions significantly elevate the risk of MetS, ultimately resulting in an increase in the CMI [42].
The association between MetS and BMF remains a subject of debate. Certain research has indicated that there is no substantial connection between obesity and BMF [43]. However, other research indicates that obese individuals tend to have longer colonic transit times, which may reduce BMF [44]. These findings contradict our results. Both of the previous studies used BMI to assess obesity. Compared to BMI, CMI more accurately reflects fat distribution, particularly abdominal and visceral fat accumulation, and offers advantages in predicting MetS [6]. Xiang et al. [45] found that BMI is not linearly correlated with BMF, and eliminating central adiposity lowers the likelihood of constipation.
Additionally, this study’s nonlinear association between CMI and BMF reasonably explains this discrepancy. When CMI is less than 4.97, metabolic disorders remain in their initial phases and may enhance intestinal motility via several pathways. Besides the mechanisms previously discussed, excess visceral fat may trigger cytokine release, including Tumor Necrosis Factor-α and Interleukin-6, which stimulate the enteric nervous system and increase intestinal permeability, thereby improving BMF [46, 47]. The negative association observed when CMI is in the range of 4.97 and 11.75 may be related to the following compensatory mechanisms. Under normal conditions, cortisol helps maintain the normal rhythm of gastrointestinal motility within a specific concentration range [48]. However, when fat mass and insulin resistance exceed a certain threshold, the inhibitory feedback signal of cortisol weakens, leading to an increase in cortisol levels [49]. Excessive cortisol suppresses the normal contraction of gastrointestinal smooth muscles, slowing motility and reducing BMF [50, 51]. Excessive visceral fat can elevate intra-abdominal pressure, impair intestinal motility, and decrease BMF [52]. Chronic metabolic disorders and a fatty diet can adversely affect intestinal neurons and extend intestinal transit time [53, 54]. When CMI > 11.75, additional pathogenic pathways may be activated. At this point, the increased frequency of defecation may lead to gut microbial dysbiosis, resulting in lower short-chain fatty acid production. This reduction, in turn, impairs PPARγ-mediated lipid oxidation, raises the risk of MetS, and produces a vicious cycle, leading to the continual growth of both CMI and BMF [55, 56].
In addition, we found that there were important changes in the association between CMI and BMF among age and depression subgroups. Specifically, we observed that the association between CMI and BMF diminished with age across the different age subgroups. The possible reason for this is that the impact of age exceeds that of CMI and BMF. With advancing age, there is a corresponding prolongation of colon transit time, potentially linked to degenerative alterations within the enteric nervous system [57, 58]. Moreover, gut microbiota composition exhibits distinct variations in older individuals when contrasted with younger adults [59], and their dietary intake of most foods and nutrients often fails to meet recommended standards [60]. Moreover, the risk of MetS also rises as people age [61]. All these factors combined can have a significant impact on this association.
Furthermore, the subgroup analysis of depression revealed a more pronounced association between CMI and BMF in depressed patients. The possible reason for this is that studies have shown that depressed patients often exhibit reduced serotonin synthesis and abnormalities in their reuptake pathway [62]. Consequently, due to serotonin deficiency, the gut motility slows down, subsequently reducing BMF [63]. Typically, groups with higher CMI values tend to have greater fat intake, which can activate the serotonin pathway [64]. Additionally, depressed patients often have shorter activity periods [65], and certain antidepressant medications may cause abnormal blood lipids and reduced intestinal motility [66, 67]. All these factors interact with each other, thus resulting in a more pronounced association in the depression group.
Study strengths and limitations
The current study is the inaugural investigation into the relationship between CMI and BMF. By utilizing various methods to research the association between CMI and BMF, it has been found that there is a nonlinear association between the two, thereby enhancing our understanding of the relationship between them. Moreover, this study predominantly employs data derived from the NHANES database to ensure that the findings broadly apply to the general U.S. population. Additionally, all statistical analyses incorporated the appropriate NHANES sampling weights, and adjustments were implemented for possible confounding variables, augmenting the study findings’ robustness and dependability.
However, considering the cross-sectional design of the NHANES, our analysis focuses on identifying associations between variables without inferring causality. Moreover, a significant portion of health-related conditions and lifestyle behaviors are derived from participant self-reports, which could lead to biased reports and make the data less accurate. Although various adjustments for possible confounding factors, there might still be other possible variables that could affect the research results. Furthermore, data collection is constrained by time limitations, and since health data can change rapidly, utilization of outdated data may not adequately capture contemporary health trends. At the same time, using CMI to represent MetS and BMF to represent gut health has certain limitations. Moreover, bowel movement types are also important to gut health; however, this investigation did not identify any significant association between them and CMI. Therefore, further research is essential.


Conclusion
This study demonstrates that there is a nonlinear association between CMI and BMF. Generally, CMI is associated with an increase in BMF. However, within a specific range, where the CMI values fall between 4.97 and 11.75, there is an observed association between CMI and a decrease in BMF. Notably, the association of CMI with BMF is particularly significant among middle-aged and younger adult populations, as well as in individuals with depression. However, given the constraints of this study, additional prospective research is necessary to confirm these results.
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