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Background: The effect of caffeine in coffee, a popular beverage, on gastrointestinal symptoms has been the subject of ongoing
debate worldwide. The present study explored the association between caffeine intake and bowel habits and Inflammatory bowel
disease (IBD).

Methods: Data from the National Health and Nutrition Examination Survey (NHANES) spanning 2005-2010 were utilized for this
cross-sectional survey. Bowel habits and IBD were defined by self-report. Logistic regression models assessed the linear relationship
between caffeine intake and chronic constipation. Nonlinear associations were delineated using fitted smoothed curves and threshold
effect analyses. Finally, subgroup analyses and interactions were used to test the stability of the findings.

Results: This population-based study included a total of 12,759 adults. We found that caffeine intake was negatively associated with
chronic diarrhea. There was a U-shaped nonlinear relationship between caffeine intake and chronic constipation. To the left of
breakpoint 2.04 (100 mg/1 unit), caffeine intake was negatively associated with chronic constipation (OR [95% CIJ: 0.82 [0.74, 0.90]),
however, to the right of the breakpoint, there was a positive association (OR [95% CI]: 1.06 [1.00, 1.12]). In addition, no significant
association was found between caffeine intake and IBD. Subgroup analyses and interaction tests showed that caffeine intake was
simply negatively associated with chronic constipation in older adults.

Conclusion: In conclusion, moderate caffeine intake may help with bowel movements, but excessive caffeine intake may cause
chronic constipation. Appropriate caffeine intake in older adults may help prevent chronic constipation. This suggests that in our
clinical practice, we need to strategize caffeine intake according to the population’s defecation status.
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Introduction
Coffee is one of the most widely consumed beverages in the world today, and caffeine is considered to be the most
consumed psychoactive drug in the world, with an annual consumption of approximately 120,000 tons.! According to
a survey conducted by the National Coffee Association, about 64% of adults in the United States drink coffee every day
and consume about 517 million cups of coffee per day.” Coffee and tea are the main sources of caffeine (>80% of daily
intake).” In the United States, the prevalence of chronic diarrhea is estimated to be 11-30% of the total population,
affecting 6.6% of the US population,** while the global prevalence of chronic constipation is 14%. These two conditions
have become some of the most common gastrointestinal disorders worldwide. IBD is an idiopathic inflammatory
gastrointestinal disorder that includes Crohn’s disease (CD) and ulcerative colitis (UC). The number of people affected
by IBD in the United States and Europe has exceeded 3 million and continues to rise, with chronic diarrhea being the
most common symptom.&8
The gastrointestinal tract is the first organ that coffee and its many components come into contact with after ingestion.
With the popularity of coffee beverages, there is growing concern about the effects that caffeine produces on the
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gastrointestinal tract. Some studies have shown that caffeine stimulates the distal colonic motor response, which acts as
a laxative and may reduce the risk of chronic constipation.” However, it has also been shown that caffeine has a protective
effect on mice with acute colitis and significantly reduces clinical symptoms such as diarrhea.'” It has also been found that
higher doses of caffeine reduce inflammatory biomarkers and activate anti-inflammatory mechanisms,'' and that caffeine has
been negatively associated with the development of CD, possibly by modulating inflammatory mediators to attenuate
inflammation in the gut.'> Recent studies have shown that caffeine may affect intestinal function by modulating the
Melanocortin System. Melanocortin Receptor is widely expressed in the central nervous system and peripheral intestines
and is involved in the regulation of intestinal motility and inflammatory responses.'®> Of particular note, caffeine, as an
adenosine receptor antagonist, enhances melanocortin signaling pathway activity through inhibition of A2A receptors, which
in turn promotes colonic propulsive motility.'* In the field of IBD, Melanocortin 3 and 5 receptors were found to have
significantly increased expression in the colon of IBD patients, and these results suggest that the melanocortin system may be
a potential target for caffeine’s association with intestinal diseases.'

Existing findings suggest that caffeine is associated with these gastrointestinal symptoms and diseases, but these
findings are contradictory and controversial. The aim of this study was to further explore the association between caffeine
intake and chronic diarrhea, chronic constipation, and IBD by analyzing a large database of samples to help people better
prevent and manage gastrointestinal symptoms in their daily lives.

Materials and Methods

Survey Description

Data for this study were sourced from the NHANES program administered by the National Center for Health Statistics
(NCHS). This initiative evaluates the health and nutritional conditions of both children and adults across the United
States through various methods, including screenings, laboratory tests, and interviews. All participants in the NHANES
program provided informed consent, which was reviewed and approved by the NCHS Research Ethics Review Board.
Comprehensive details regarding the NHANES study designs and datasets can be accessed publicly at www.cdc.gov/
nchs/nhanes/.

Study Population

The analysis utilized samples from three NHANES cross-sectional surveys conducted during the years 2005-2006,
2007-2008, and 2009-2010, focusing on “bowel health” data. Initially, the study involved 31,034 adult partici-
pants (aged 20 years and older). After removing individuals with incomplete information on caffeine consumption
(n=6787) and bowel habits (n=11488), a final cohort of 12,759 eligible subjects remained. This group included
those with normal bowel function (n=10,785), chronic diarrhea (n=988), and chronic constipation (n=986). As the
NCHS included inquiries about IBD only in the 2009-2010 survey, our analysis focused exclusively on 4151
eligible subjects from the 10,537 surveyed in that timeframe (Figure 1).

Definition of Caffeine Intake and Bowel Habits
Assessment of Caffeine Intake

All participants in the NHANES study had the opportunity to take part in two 24-hour dietary recall interviews.
The initial recall interview was conducted in person at a mobile testing unit, while the second was carried out via
telephone within a 3—-10 day window. For the NHANES data collection, daily nutrient and food component totals
were computed for all reported foods using the USDA Dietary Study Food and Nutrition Database, which
encompasses around 50 coffee-related beverages, 30 types of tea, and both caffeinated and non-caffeinated
sodas. As a result, caffeine consumption was estimated from all sources of caffeinated food and drink, including
energy drinks. The analysis incorporated the average caffeine intake derived from both 24-hour recall interviews.

Assessment of Bowel Habits
Bowel habits were assessed using the Bristol Stool Form Scale (BSFS), which categorizes stools from Type 1 to Type
7. Participants were shown an illustrated card displaying the scale and were asked, “Please look at this card and tell me
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Figure | Flowchart of the sample selection from NHANES 2005-2010, 2009-2010.

the number that corresponds to your usual or most common type of stool”. Based on previous research, chronic
constipation was characterized by BSFS types 1 (hard lumps, similar to nuts) or 2 (sausage-shaped but lumpy).
Chronic diarrhea was defined by BSFS types 6 (fluffy lumps with rough edges, pasty stool) or 7 (watery stool with no
solid particles). Types 3, 4, and 5 were classified as indicating normal bowel function.*'®'® Participants were
considered to have IBD if they responded affirmatively to the question, “Has a doctor or other health professional
ever told you that you had UC/CD?”

Selection of Covariates

To strengthen the link between caffeine consumption, bowel habits, and IBD, we accounted for various potential
confounders, including age, gender, race, educational status, socioeconomic status, smoking status, drinking status,
and BMI. Racial categories included non-Hispanic white, non-Hispanic black, Mexican American, and others.
Education was categorized as less than high school, high school graduate, or higher education. Socioeconomic
status was classified into three groups: low income (PIR < 1.3), middle income (1.3 < PIR < 3.5), and high income
(PIR > 3.5). Smoking status was defined by whether the individual had smoked at least 100 cigarettes in their
lifetime, while drinking status was based on having consumed at least 12 alcoholic drinks/1 year.

Statistical Analysis

Statistical analyses were conducted using EmpowerStats (2.0) and R (4.1.3), with NHANES sampling weights applied in all
calculations. Descriptive statistics for baseline characteristics were presented as means and standard deviations (SD) for
continuous variables, and as percentages for categorical variables, categorized by bowel habits and IBD status. Multivariate
logistic regression was employed to calculate odds ratios (ORs) and 95% confidence intervals (Cls) for associations between
various factors such as caffeine intake, chronic diarrhea, chronic constipation, and IBD. Three models were used for the
regression analysis: Crude model, which was unadjusted for covariates; Minimally adjusted model, which adjusted for age,
gender, and race; and Fully adjusted model, which adjusted for all relevant covariates. For additional sensitivity analysis, caffeine
intake was divided into thirds. To account for potential nonlinear relationships, smooth curve fitting was applied, and threshold
effects and breakpoints (K) were identified using a threshold effects analysis model. Subgroup analyses and interaction tests were
conducted to examine potential heterogeneity in the results. Statistical significance was set at a bilateral p-value of < 0.05.
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Results

Baseline Characteristics of Participants
The average age of individuals with chronic diarrhea was 50.81 & 15.81 years, while those with chronic constipation had
a mean age of 46.36 = 17.58 years. In both the chronic diarrhea and constipation groups, the proportion of women
exceeded that of men. Non-Hispanic whites were the most prevalent race in the survey. The mean caffeine intake for
chronic diarrhea and constipation was 191.07 + 231.12 and 154.22 + 202.63, respectively. In the analysis of IBD, we
included 4151 participants from the 2009-2010 cohort, of whom 51 were diagnosed with IBD. The average age of the
IBD patients was 49.57 = 14.21 years, with 57.17% identifying as female and 42.83% as male. The patients were 79.16%
non-Hispanic white, and the mean caffeine intake was 170.51 + 182.43.

Supplementary Material 1 provides a summary of the basic characteristics of the study population. We observed that

gender, race, education level, socioeconomic status, smoking habits, BMI, and caffeine intake exhibited statistically
significant differences (p < 0.05) between individuals with chronic diarrhea and constipation. In contrast, significant
differences in age and education level (p < 0.05) were found among patients with IBD.

The Association Between Caffeine Intake and Chronic Diarrhea
Because 1 mg unit is too small, caffeine intake in this study was 100 mg as 1 unit. Table 1 shows the association between
caffeine intake and chronic diarrhea. We found a positive association between caffeine intake and chronic diarrhea in the
fully adjusted model. For each additional unit of caffeine intake, the risk of chronic diarrhea increased by 4% (OR [95%
CI]: 1.04 [1.00, 1.08]). Sensitivity analyses were then performed by transforming caffeine intake into a categorical
variable (tertiles), and no significant association with chronic diarrhea was found.

Furthermore, we conducted a smoothed curve-fitting analysis and found no evidence of a nonlinear association
between caffeine intake and chronic diarrhea (Figure 2).

The Association Between Caffeine Intake and Chronic Constipation

Table 2 presents the relationship between caffeine intake and chronic constipation. In the fully adjusted model, no
statistically significant link was observed between caffeine intake and chronic constipation (OR [95% CI]: 0.97 [0.93,
1.02]). However, when caffeine intake was divided into tertiles, the highest tertile showed a negative association with
chronic constipation across all three models. Specifically, in the fully adjusted model (tertile 3), individuals in the highest
tertile had a 25% reduced risk of chronic constipation (OR [95% CI]: 0.75 [0.63, 0.90]) compared to those in the lowest
tertile (tertile 1).

Table | The Association Between Caffeine Intake and Chronic Diarrhea

OR (95% CI)?

Crude Model® | Minimally Adjusted Model® | Fully Adjusted Model®
Continuous 1.01 (0.98, 1.05) | 1.05 (1.01, 1.09) 1.04 (1.00, 1.08)
Categories
Tertile | Reference Reference Reference
(0-0.515)
Tertile 2 1.02 (0.87, 1.20) | 1.04 (0.89, 1.22) 1.05 (0.89, 1.23)
(0.52-1.67)
Tertile 3 0.99 (0.84, 1.16) | 1.11 (0.94, 1.32) 1.10 (0.92, 1.31)
(1.675-28.595)
P for trend 0.8420 0.2189 0.2905

Notes: In sensitivity analysis, caffeine intake was converted from a continuous variable to a categorical variable
(tertiles). *OR (95CI): odds ratio (95% confidence interval). ®Crude model adjust for None. “Minimally adjusted
model adjust for Gender, Age, and Race. “Fully adjusted model adjust for Gender, Age, Race, Education level,
Socioeconomic status, Drinking status, Smoking status, and BMI.
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Figure 2 Smoothed curve fit plot between caffeine intake and chronic diarrhea.

Smooth curve fitting identified a nonlinear association between caffeine intake and chronic constipation (Figure 3).
This relationship was further confirmed through a threshold analysis, which pinpointed a breakpoint at 2.04. To the left of
this breakpoint, each unit increase in caffeine intake was associated with an 18% reduction in the risk of chronic
constipation (OR [95% CI]: 0.82 [0.74, 0.90]). Conversely, to the right of the breakpoint, each unit increase in caffeine
intake led to a 6% increase in the risk of chronic constipation (OR [95% CIJ: 1.06 [1.00, 1.12]) (Table 3).

Table 2 The Association Between Caffeine Intake and Chronic Constipation

OR (95% CI)*

Crude Model® | Minimally Adjusted Model® | Fully Adjusted Model®
Continuous 0.90 (0.86, 0.94) | 0.96 (0.91, 1.00) 0.97 (0.93, 1.02)
Categories
Tertile | Reference Reference Reference
(0-0.495)
Tertile 2 0.79 (0.68, 0.92) | 0.84 (0.72, 0.98) 0.87 (0.74, 1.02)
(0.5-1.635)
Tertile 3 0.56 (0.47, 0.66) | 0.69 (0.58, 0.82) 0.75 (0.63, 0.90)
(1.64-28.595)
P for trend <0.0001 <0.0001 0.0022

Notes: *OR (95CI): odds ratio (95% confidence interval). ®Crude model adjust for None. “Minimally adjusted
model adjust for Gender, Age, and Race. “Fully adjusted model adjust for Gender, Age, Race, Education level,
Socioeconomic status, Drinking status, Smoking status, and BMI.
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Figure 3 Smoothed curve fit plot between caffeine intake and Chronic constipation.

The Association Between Caffeine Intake and IBD
We then explored the association between caffeine intake and IBD and found no statistical association between the two,
either in continuous or categorical variables (Supplementary material 2).

Subgroup Analysis
To examine whether specific baseline characteristics influenced the relationship between caffeine consumption and
chronic diarrhea, chronic constipation, and IBD, we performed subgroup analyses and interaction tests. These analyses

were stratified by gender, age, race, socioeconomic status, drinking consumption, smoking habits, and BMI. Interaction

Table 3 Threshold Effect Analysis of Caffeine Intake
on Chronic Constipation

OR (95% Cl), P-value

*Model | 0.97 (0.93, 1.02) 0.2516

®Model 2 Breakpoint(K) | 2.04

ORI (<3.08) 0.82 (0.74, 0.90) <0.0001
OR2 (>3.08) 1.06 (1.00, 1.12) 0.0430

OR2/ORI 1.30 (1.14, 1.48) 0.0001

Log likelihood ratio <0.001

Notes: *Model I: Standard linear model. ®Model 2: Two-piecewise
linear model. Adjust for: Gender, Age, Race, Education level,
Socioeconomic status, Drinking status, Smoking status, and BMI.
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tests showed that high-income individuals were at greater risk of developing chronic diarrhea compared with the general
population, with a 12% increase in the risk of chronic diarrhea in high-income individuals for each 1-unit increase in
caffeine intake (OR [95% CI]: 1.12 [1.05, 1.19]). In addition, an interaction test showed that the risk of chronic
constipation in older adults aged >60 years was negatively associated with caffeine intake, with a 14% decrease in the
risk of chronic constipation for each 1-unit increase in caffeine intake (OR [95% CIJ: 0.86 [0.77, 0.95]). None of the
other covariates significantly influenced the relationship between caffeine intake and chronic diarrhea, chronic constipa-
tion, or IBD (Table 4).

Discussion

Based on our cross-sectional study of 12,759 subjects from 2005-2010, we found that caffeine intake was negatively
associated with chronic diarrhea. There was a U-shaped nonlinear relationship between caffeine intake and chronic
constipation with a breakpoint of 2.04 (100 mg/1 unit), with caffeine intake negatively associated with chronic
constipation on the left side of the breakpoint and positively associated with the right side. Moreover, no notable
relationship was observed between caffeine intake and IBD. This means that when caffeine intake is less than 204 mg, it
may have a laxative effect, while when intake is greater than 204 mg, it may increase the risk of constipation. Subgroup
analyses and interaction tests suggest that this U-shaped relationship does not apply to older adults >60 years of age,
where high caffeine intake is associated with a low risk of chronic constipation.

Table 4 Subgroup Analysis

Chronic Diarrhea OR P for Interaction Chronic Constipation P for Interaction
(95% CI) OR (95% CI)
Gender 0.2041 0.2982
Male 1.01 (0.96, 1.07) 1.00 (0.94, 1.07)
Female 1.06 (1.01, 1.12) 0.96 (0.90, 1.02)
Age 0.9925 0.0161
<44 1.03 (0.97, 1.10) 1.00 (0.94, 1.07)
44<Age<60 1.03 (0.97, 1.09) 1.01 (0.94, 1.09)
260 1.03 (0.97, 1.10) 0.86 (0.77, 0.95)
Race 0.4443 0.8652
Non-Hispanic white 1.04 (0.99, 1.08) 0.98 (0.93, 1.03)
Non-Hispanic black 0.96 (0.83, 1.11) 0.95 (0.82, 1.11)
Mexican American 1.01 (0.88, 1.15) 1.01 (0.87, 1.16)
Others I.11 (0.99, 1.24) 0.93 (0.79, 1.09)
Socioeconomic status 0.0111 0.2642
Low income 1.05 (1.00, I.11) 0.93 (0.86, 1.01)
Middle income 0.95 (0.88, 1.03) 1.01 (0.94, 1.09)
High income 1.12 (1.05, 1.19) 1.00 (0.91, 1.09)
Drinking status 0.0610 0.1987
Yes 1.07 (1.02, 1.12) 1.00 (0.95, 1.06)
No 0.95 (0.84, 1.06) 0.90 (0.80, 1.01)
Smoking status 0.7293 0.9146
Yes 1.03 (0.99, 1.08) 0.97 (0.92, 1.03)
No 1.05 (0.97, 1.13) 0.98 (0.90, 1.06)
BMI 0.5120 0.9004
Underweight 1.03 (0.73, 1.47) 0.99 (0.77, 1.27)
Normal weight 1.03 (0.95, I.11) 1.00 (0.93, 1.08)
Overweight 1.08 (1.02, 1.14) 0.96 (0.88, 1.04)
Obese 1.00 (0.94, 1.07) 0.96 (0.88, 1.04)
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There have been controversial results on the effects of caffeine on the gastrointestinal tract, which may be related to
the dose of caffeine. An animal study demonstrated disparate effects on colonic tissue and clinical signs of colitis in mice
administered different caffeine doses.'® A United States-based study indicated that consuming a minimum of six cups of
caffeinated coffee exacerbated GERD symptoms by 23% while consuming the same quantity of decaffeinated coffee
exacerbated GERD symptoms by 48%.'? Furthermore, a meta-analysis revealed varying caffeine doses to have differing
effects on the incidence of gallstone disease.?’ All these studies have demonstrated the varying effects of different
caffeine doses on the gastrointestinal tract. Our findings revealed a U-shaped association between caffeine intake and
chronic constipation, suggesting the existence of a threshold in caffeine consumption where its impact transitions from
facilitating defecation to impeding it. This phenomenon may contribute to resolving the query, “Does coffee induce
constipation or diarrhea?”” The results of a cross-sectional study similarly found that high caffeine intake was associated
with low odds of constipation, which is consistent with our findings, but this study did not find a U-shaped node, which
may be related to the fact that they did not precisely analyze caffeine intake in mg, but rather categorized caffeine intake
into 5 categories for statistical analysis, as well as the inclusion of different confounders.*'

Due to the insufficiency of the current related research, we are unable to determine the exact node in a more
authoritative and detailed way, but the results of this study can bring us new thinking perspectives and help us to better
explore this possible node in the future.

The mechanism through which caffeine impacts bowel habits remains unstandardized. Several studies indicate that
caffeine exerts a notable influence on intestinal flora, augmenting beneficial bacteria like bifidobacteria and influencing
gastrointestinal function.”>** Additionally, there are suggestions that caffeine could modulate defecation by eliciting
motor responses in the distal colon.*** It has also been studied that caffeine is suspected to play an indirect role in the
colon through neural mechanisms or gastrointestinal hormones.®

Additionally, we found no significant association between caffeine intake and IBD. Previous studies on this relation-
ship have yielded conflicting results. Beygi et al showed that MSCs treated with caffeine and naloxone improved
symptoms and reduced inflammation in a mouse model of ulcerative colitis.?” It has also been shown that caffeine is able
to reduce the production of pro-inflammatory cytokines while increasing the levels of the anti-inflammatory cytokine IL-
10, which has a protective effect on the incidence of UC.?®** A Japanese case-control study also found that coffee and
caffeine intake were associated with a reduced risk of UC.>° However, other studies have found that caffeine intake did
not show a significant protective effect in some cases and that prolonged caffeine intake may be associated with increased
inflammation.*'** Our study did not find a significant relationship between the two, which may suggest the need for
further validation by randomized controlled experiments with larger sample sizes.

Lastly, we conducted subgroup analyses and interaction tests, which showed that high-income individuals were at
greater risk of developing chronic diarrhea, with a 12% increase in their risk of chronic diarrhea for each 1-unit increase
in caffeine intake (OR [95% CIJ: 1.12 [1.05, 1.19]). This may be related to higher work stress, gut dysfunction due to
adverse psychological factors such as anxiety and depression, and the fact that higher-income individuals typically
receive more medications, some of which (eg, antibiotics, antacids, and certain antidepressants) may lead to diarrhea as
a side effect when used over a long period of time.** In addition, caffeine intake was negatively associated with chronic
constipation in older adults >60 years of age, suggesting that older adults may consume coffee appropriately to reduce the
risk of chronic constipation. Other confounding factors did not significantly influence the association between caffeine
intake and chronic constipation.

Our study has several advantages. First, it utilized a relatively large sample size, thereby increasing the reliability of
the findings. Second, this study innovatively identified a U-shaped association between caffeine intake and chronic
constipation, and we analyzed chronic diarrhea, chronic constipation, and IBD all separately, making the intestinal
symptoms very comprehensive and allowing for a better understanding of the effects of caffeine on intestinal health.
Finally, we conducted subgroup analyses and interaction tests, which revealed a relationship between caffeine intake and
chronic constipation specifically among individuals aged 60 years and older. However, there are several limitations to this
study. First, the cross-sectional design restricts the ability to draw causal conclusions regarding caffeine consumption and
gut health, highlighting the need for more robust randomized controlled trials to confirm these findings. Second, although
we accounted for a variety of key covariates, the influence of other potential confounding factors could not be fully ruled
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out. Third, caffeine intake was collected through dietary questionnaires, which may be affected by biases in subjects’
memories and produce bias. Fourth, bowel habits were defined by participants’ self-reports, and the information collected
may be influenced by participants’ subjective awareness. Finally, due to the limited number of IBD patients in the
NHANES database and the relatively small sample size included in the analysis, the IBD results should be interpreted
with caution, and a larger sample size is needed for further validation.

Conclusion

In conclusion, our study found a U-shaped association between caffeine intake and chronic constipation. Moderate caffeine
intake may help defecation, but excessive caffeine intake may cause chronic constipation. However, older adults were
associated with lower odds of chronic constipation regardless of caffeine intake. Furthermore, caffeine intake was not
significantly associated with IBD. Therefore, this suggests that caffeine use in clinical practice needs to be approached
strategically, with the right amount of caffeine being consumed according to the defecation status of the population.
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