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ABSTRACT
Background: Exposure to COVID-19 has been shown previously to be associated with a higher risk for irritable bowel syn-
drome (IBS). This study aimed to better explain this relationship using mediation analysis.
Methods: This post hoc analysis of a multicenter cohort study includes 623 patients with and without COVID-19 infection. All 
participants completed the ROME IV criteria, gastrointestinal symptom rating scale (GSRS), and hospital anxiety and depression 
scale (HADS) over 1 year. Mediation analysis utilized the PROCESS macro and Baron and Kenny's method for parametric and 
nonparametric mediating variables, respectively.
Key Results: The impact of COVID-19 on the development of post-COVID-19 IBS is completely mediated by dyspnea at base-
line (adjusted OR = 3.561, p = 0.012), severity of acid regurgitation at 1 month [indirect effect, log-odds metric = 0.090, 95% CI 
(0.006–0.180)], hunger pains at 1 [indirect effect, log-odds metric = 0.094, 95% CI (0.024–0.178)], and 6 months [indirect effect, 
log-odds metric = 0.074, 95% CI (0.003–0.150)], depression at 6 [indirect effect, log-odds metric = 0.106, 95% CI (0.009–0.225)] 
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and 12 months [indirect effect, log-odds metric = 0.146, 95% CI (0.016–0.311)] as well as borborygmus [indirect effect, log-odds 
metric = 0.095, 95% CI (0.009–0.203)], abdominal distention [indirect effect, log-odds metric = 0.162, 95% CI (0.047–0.303)], and 
increased flatus [indirect effect, log-odds metric = 0.110, 95% CI (0.005–0.234)] at 12 months.
Conclusions and Inferences: Our findings provide evidence for psychological and clinical mediators between COVID-19 and post-
COVID-19 IBS, which may be promising targets for interventions tailored for treating or preventing depression. The presence of 
specific GI symptoms at COVID-19 onset and their persistence should increase awareness of a potential new onset of IBS diagnosis.

1   |   Introduction

The COVID-19 pandemic has profoundly impacted global 
health, with over 775 million cases and over 7 million deaths as 
of December 2024 [1].

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection typically presents respiratory symptoms 
including cough, fever, and shortness of breath. Moreover, 
approximately 10% of SARS-CoV-2 infections result in long 
COVID, a frequently debilitating illness, subclassified as on-
going symptomatic COVID-19 (4–12 weeks of symptoms) and 
post-COVID-19 syndrome (PCS, 12 weeks or more) [2], affect-
ing an estimated > 65 million people worldwide [3]. Over 200 
symptoms impacting multiple organs have been identified, 
including the typically reported respiratory symptoms (e.g., 
dyspnea, cough), as well as arthralgia, fatigue, chest pain, cog-
nitive abnormalities, and reduced quality of life [4]. COVID-19 
also affects gastrointestinal (GI) health, with about 20% of pa-
tients reporting symptoms such as abdominal pain, anorexia, 
diarrhea, and vomiting [5].

We previously explored the link between COVID-19 and irrita-
ble bowel syndrome (IBS), finding that IBS and other chronic 
GI symptoms were more likely to develop in patients recov-
ering from acute COVID-19 infection. According to Rome IV 
criteria, the prevalence of IBS is higher in COVID-19 survi-
vors than in the general population (3.2% vs. 0.5%) [6]. This 
finding was later supported by a meta-analysis of 10 studies 
with 2763 COVID-19 patients, showing an increased odds 
ratio (OR = 6.27, 95% CI: 0.88–44.76) for IBS development in 
COVID-19 cases [7].

The mediating factors underlying the link between COVID-19 
and IBS are not fully elucidated. However, SARS-CoV-2 
is known to infect the GI tract by binding to angiotensin-
converting enzyme 2 (ACE2) receptors in the gut, which trig-
gers immune responses and inflammation that may contribute 
to IBS development [8]. Altered gut microbiota in COVID-19 
patients also disrupts the gut–brain pathway, potentially lead-
ing to IBS-associated symptoms such as anxiety or depres-
sion [9].

Previous data identified predictive factors for IBS in COVID-19 
patients, including allergy history, proton pump inhibitor  
use, and dyspnea [6]. However, specific mediating  
factors remain unclear. To better explain this relationship, 
we performed a mediation analysis to assess how COVID-19 
may influence IBS development through potential mediating 
factors.

2   |   Materials and Methods

2.1   |   Study Population and Design

This post hoc analysis is based on a previous multicenter cohort 
study investigating long-term post-COVID-19 GI symptoms and 
disorders of gut–brain interaction (DGBI) in 2183 hospitalized pa-
tients, including those with COVID-19 and a control group with-
out infection. Participants were prospectively recruited during the 
early pandemic period (from May to October 2020) at the time of 
admission (baseline) and followed up at 1, 6, and 12 months, across 
36 centers in 14 countries: Italy, Bangladesh, Cyprus, Egypt, Israel, 
India, Macedonia, Malaysia, Romania, the Russian Federation, 
Serbia, Spain, Sweden, and Turkey [6, 10]. Inclusion criteria in-
cluded ages 18–85, positive or negative for COVID-19 with severe 
symptoms enough to require hospitalization, no preexisting GI 
symptoms at least 6 months before enrollment, and no history of 
other GI disorders or surgeries. The control group comprised pa-
tients hospitalized for non-COVID-19 reasons and enrolled within 
the study timeframe in internal medicine units of participating 
centers. All patients provided written informed consent.

2.2   |   Measurements and Evaluations

Demographic information, medical history, laboratory tests [i.e., 
blood count, international normalized ratio (INR), creatinine, as-
partate amino transferase (AST), alanine amino transferase (ALT), 
gamma glutamyl transferase (GGT), ferritin, interleukin 6 (IL-6) 
and C-reactive protein (CRP)] and clinical data were collected 
from patients' medical files. COVID-19 was diagnosed per WHO 
guidelines [11]. At baseline, patients were assessed for COVID-19-
related symptoms. IBS diagnosis was determined using ROME IV 
at 6 and 12 months [12]. The gastrointestinal symptom rating scale 
(GSRS) was administered at four time points for the exclusion 
process (before admission) and for the evaluation of GI symptoms 
severity (at baseline, and at 1 and 6 months) [13]. Depression and 
anxiety were assessed using the hospital anxiety and depression 
scale (HADS) at 6 and 12 months [14].

2.3   |   Endpoints

The primary endpoint was to assess whether the relationship 
between COVID-19 and post-COVID-19 IBS is mediated via 
psychological (i.e., anxiety, depression) or clinical factors (i.e., 
baseline laboratory test results, COVID-19-related symptoms, 
and GI symptoms at three time points) (Figure  1A,B). Only 
GI symptoms not included in the IBS definition, such as hun-
ger pains, acid regurgitation, nausea, heartburn, borborygmus, 
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eructation, increased flatulence, and distention, were consid-
ered as mediating variables, while IBS-defining symptoms were 
excluded. For mediation models involving psychological factors 
(depression and anxiety), participants who reported preexisting 
psychological disorders or psychiatric illnesses were excluded 

from the analysis to increase the likelihood that the model re-
flects causal relationships.

2.4   |   Statistical Analysis

Descriptive analyses for demographic, patients’ history, and psy-
chological disorders are reported as median (interquartile range, 
IQR) for continuous nonnormally distributed variables, and as 
frequency and percentages for categorical variables.

Chi square and Mann–Whitney tests compared demographic, 
psychological, and clinical characteristics between COVID-19 
and control groups.

A mediation analysis was performed to investigate the main 
hypothesis of the postulated mediational path model, by which 
the effect of COVID-19 upon post-COVID-19 IBS operates, com-
pletely or in part, through several mediators (Figure  1A). For 
continuous mediators (i.e., psychological scores, GI symptoms 
severity, and baseline laboratory results), a simple mediation 

Summary

•	 COVID-19 exposure has been linked to a higher risk 
of developing irritable bowel syndrome (IBS), but the 
exact reasons behind this are not fully understood.

•	 The development of post-COVID-19 IBS is influenced 
by breathing difficulties (dyspnea), depression, and 
specific gastrointestinal symptoms like acid reflux 
and hunger pains.

•	 Addressing depression and persistent gastrointestinal 
symptoms after COVID-19 could help prevent or man-
age IBS. These findings highlight the importance of 
early detection and targeted interventions.

FIGURE 1    |    (A) Postulated mediational path model. The conceptual framework of the mediation model of the current study: Post-COVID-19 IBS 
results from the direct effect of COVID-19 (Path c') as well as the mediating variables (Paths b's). At the same time, there is an impact of COVID-19 on 
mediating variables (Path a's). When the indirect effect (a × b) is significant while Path c' effect is not, we claim complete mediation; when the indirect 
effect (a × b) is significant as well as Path c' effect, we claim partial mediation. (B) Example of depression as a mediating variable that completely me-
diates the development of postinfectious IBS. Post-COVID-19 IBS results from the direct effect of COVID-19 (Path c') as well as depression (Path b). 
At the same time, there is an impact of COVID-19 on depression (Path a). The indirect effect (a × b) is significant (95% CI 0.0093–0.2255) while Path 
c' effect is not (p = 0.0740), and therefore, we claim a complete mediation.

COVID-19

Depression
(6M)

ROME IV PI-IBS 
(12M)

Path a: log-odds metric=0.7839 p=0.0274 Path b: log-odds metric=0.1348 p=0.0062

Path c`: direct effect: log-odds metric=1.8170 p=0.0801

Indirect effect (a*b): log-odds metric=0.1057 95% CI (0.0093, 0.2255)

(A)

(B)
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analysis was conducted using the PROCESS macro for SPSS 
with bootstrapping techniques with a 95% CI based on 5000 sam-
ples (version 4.2; Andrew F. Hayes 2022). Since post-COVID-19 
IBS is a binary outcome, mediation effects are expressed in log-
odds, indicating the likelihood of developing post-COVID-19. 
For nonparametric mediators (i.e., presence of COVID-19 re-
lated symptoms at baseline) we used the Baron and Kenny's 
method [15], involving three univariate regression models that 
tested the relationships for each path: a, b, and c', as presented in 
Figure 1A,B. In the final step, multivariate regression assessed 
COVID-19 and mediators (i.e., COVID-19 related symptoms) as 
predictors of post-COVID-19 IBS. Full mediation is considered if 
the COVID-19-IBS relationship (Path c') became nonsignificant 
when controlling for mediators, while partial mediation implied 
a reduced relationship. A total of 47 models were tested, consis-
tently using COVID-19 diagnosis at baseline as the predictor and 
post-COVID-19 IBS at 12 months as the outcome, with different 
mediators in each model (10 for laboratory tests, 9 for COVID-19 
symptoms, 4 for psychological scores at 6, 12 months, and 24 for 
GSRS at three time points). All analyses used two-tailed signifi-
cance (p < 0.05). The SPSS statistical package (Version 30, SSPS 
Inc., Chicago, IL) was used for all analyses.

3   |   Results

3.1   |   Study Population

Of the 2183 prospectively recruited hospitalized patients with 
or without (controls) COVID-19 infection, 1300 patients were 
excluded, and 883 patients (614 COVID-19 patients and 269 con-
trols) were eligible for inclusion (Figure  2). Of 883 patients, 623 
patients (435 COVID-19 patients and 188 controls) who completed 
12-month follow-up were analyzed (Figure 2). The demographic 
information and the anamnestic population characteristics are 
summarized in Table 1. There were no significant differences be-
tween the population groups except for smoking status (p < 0.001) 
and alcohol consumption (p = 0.032). Details on comorbidities and 
chronic drugs are reported in Table  S1. Of the 623 patients, 23 
(3.7%) reported preexisting psychological disorders or psychiatric 
diseases prior to enrollment. This included 10 patients with psy-
chological disorders, 12 with psychiatric diseases, and one patient 
with both, with no significant differences observed between the 
groups (Table S1). These 23 patients were excluded solely from the 
mediation models involving psychological mediators to allow for a 
more robust examination of causality.

FIGURE 2    |    Flow chart of the selection of patients enrolled in the study. Controls were defined as patients without COVID-19 infection. 
Abbreviations: GI, Gastrointestinal; GSRS, Gastrointestinal Symptoms Rating Scale.
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TABLE 1    |    Demographics, anamnestic characteristics, and psychological disorders of the study population.

Demographics and 
anamnestic characteristics

Total population 
(n = 623), n (%) or 

median (IQR)

Controls 
(n = 188), n (%) or 

median (IQR)

COVID-19 patients 
(n = 435), n (%) or 

median (IQR) p

Age (years) 51.0 (36.0–62.0) 49.0 (34.0–64.0) 52.0 (37.0–61.0) 0.981

Sex, male 369 (60.1) 114 (61.6) 255 (59.4) 0.654

BMI (kg/m2) 26.8 (24.0–30.9) 26.4 (23.7–30.9) 26.8 (24.1–30.9) 0.323

Smoker < 0.001

•	 No 396 (64.0) 88 (46.8) 308 (71.5)

•	 Current 95 (15.3) 56 (29.8) 39 (9.0)

•	 Former 128 (20.7) 44 (23.4) 84 (19.5)

Alcohol consumption 114 (18.5) 44 (23.7) 70 (16.3) 0.032

Physical activity (at least 30 min 
three times/week)

202 (33.9) 64 (34.2) 138 (33.8) 0.926

Laboratory tests

Lymphocyte count (103/mm3) 1.4 (0.9–2.1) 1.7 (1.2–2.5) 1.3 (0.9–1.8) < 0.001

Platelet count (103/mm3) 216.0 (166.0–273.8) 254.5 (207.3–303.8) 200.5 (161.0–254.8) < 0.001

INR 1.0 (0.9–1.1) 1.0 (0.9–1.2) 1.0 (0.9–1.1) 0.373

Creatinine (mg/dl) 0.8 (0.7–1.0) 0.9 (0.7–1.1) 0.8 (0.7–1.0) 0.022

AST (UI/L) 27.0 (19.0–42.0) 21.5 (15.0–34.2) 29.0 (21.0–43.5) < 0.001

ALT (UI/L) 27.0 (17.0–43.0) 20.0 (14.0–39.2) 29.0 (19.0–44.0) < 0.001

GGT (UI/L) 36.0 (21.0–70.0) 36.0 (19.0–81.5) 35.0 (22.0–63.0) 0.737

Ferritin (mg/l) 242.0 (98.0–514.0) 159.0 (60.9–414.5) 274.2 (105.5–538.3) 0.010

IL-6 (pg/ml) 28.6 (11.9–71.7) 79.0 (18.4–348.9) 25.0 (11.6–59.3) < 0.001

C-reactive protein (mg/dl) 3.3 (0.8–9.9) 1.3 (0.4–6.9) 4.1 (1.0–11.2) < 0.001

COVID-19–related symptoms (at baseline)

Fever 328 (52.6) 20 (10.6) 308 (70.8) < 0.001

Fatigue 260 (41.7) 20 (10.6) 240 (55.2) < 0.001

Cough 257 (41.3) 16 (8.5) 241 (55.4) < 0.001

Myalgia 168 (27.0) 11 (5.9) 157 (36.1) < 0.001

Dyspnea 157 (25.2) 21 (11.2) 136 (31.3) < 0.001

Runny nose 35 (5.6) 2 (1.1) 33 (7.6) < 0.001

Headaches 137 (22.0) 7 (3.7) 130 (29.9) < 0.001

Anosmia 117 (18.8) 2 (1.1) 115 (26.4) < 0.001

Dysgeusia 103 (16.5) 3 (1.6) 100 (23.0) < 0.001

Psychological disorders at 6 and 12 months of follow-up

Depression score at 6 months 2.0 (0.0–5.0) 1.0 (0.0–4.0) 2.0 (0.0–6.0) 0.020

Depression score at 12 months 3.0 (0.0–5.0) 1.0 (0.0–3.0) 2.0 (0.0–5.0) 0.020

Anxiety score at 6 months 1.0 (0.0–4.0) 3.0 (0.0–5.0) 3.0 (0.0–5.0) 0.213

Anxiety score at 12 months 2.0 (0.0–5.0) 1.0 (0.0–1.0) 2.0 (0.0–5.0) 0.078

Note: Controls were defined as patients without COVID-19 infection.
All patients without preexisting GI symptoms, disorders or diseases or previous GI surgery.
Anxiety and depression were evaluated by HADS (hospital anxiety and depression scale).
Abbreviations: ALT, alanine amino transferase; AST, aspartate amino transferase; BMI, body mass index; GGT, gamma glutamyl transferase; IL-6, interleukin 6; INR, 
international normalized ratio; IQR, interquartile range; n, number.
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3.2   |   Mediating Variables: Laboratory Tests at 
Baseline

The levels of lymphocytes, platelets, creatinine, and IL-6 were 
significantly lower (p < 0.001, p < 0.001, p = 0.022, p < 0.001, re-
spectively), and the levels of ALT, AST, ferritin, and CRP were 
significantly higher (p < 0.001, p < 0.001, p = 0.010, p < 0.001, 
respectively) among COVID-19 patients compared to the con-
trol group (Table  1). The mediation analysis revealed that all 
blood tests had a nonsignificant indirect effect (a × b) (Table S2). 
Therefore, no laboratory test was identified as a mediating vari-
able between COVID-19 and post-COVID-19 IBS.

3.3   |   Mediating Variables: COVID-19–Related 
Symptoms at Baseline

As expected, all COVID-19–related symptoms were more com-
mon among the COVID-19 patients as compared to the control 
group (all p < 0.001) (Table  1). Mediation analyses examined 
COVID-19–related symptoms (i.e., fever, fatigue, cough, myal-
gia, dyspnea, runny nose, headache, anosmia, and dysgeusia) 
(Table  S3). Among these, only fever, cough, and dyspnea were 
significantly associated with the relationship between COVID-19 
(Path a) and post-COVID-19 IBS (Path b) based on unstandard-
ized regression coefficients. However, the relationship between 
COVID-19 and post-COVID-19 IBS was eliminated entirely when 
dyspnea (mediating variable) was controlled (i.e., Path c' is nonsig-
nificant). In contrast, when adjusting for fever or cough, the rela-
tionship between COVID-19 and post-COVID-19 IBS (Path c') was 
eliminated entirely, as well as the relationship between fever or 
cough and post-COVID-19 IBS (b). Therefore, it can be concluded 
that the relationship between COVID-19 and post-COVID-19 IBS 
was completely mediated by the presence of dyspnea (Table 2).

3.4   |   Mediating Variables: Psychological Disorders 
at 6 and 12 Months

As shown in Table 1, depression scores at both 6 and 12 months 
were significantly higher among COVID-19 patients com-
pared to controls (median score: 2.0 vs. 1.0, p = 0.020 for both 
time points), whereas anxiety scores did not differ between the 
groups. These findings remained consistent even after excluding 
23 patients with preexisting psychological disorders or psychiat-
ric diseases.

The results of the mediation analysis revealed a significant in-
direct effect (a × b, as depicted in Figure 1B) of depression at 6 
and 12 months (log-odds metric = 0.106, 95% CI 0.009–0.225; 
log-odds metric = 0.146, 95% CI 0.016–0.311, respectively). In 
contrast, the direct effect of COVID-19 on post-COVID-19 IBS 
(c') was not significant in the presence of depression at these two 
time points (log-odds metric = 1.817, 95% CI −0.218–3.852; log-
odds metric = 1.749, 95% CI −0.292–3.791, respectively). Hence, 
it can be concluded that depression at 6 and 12 months was a 
complete mediating variable between COVID-19 and post-
COVID-19 IBS (Table 3, Figure 1B). Anxiety scores at both 6 and 
12 months did not meet the mediation criteria and, thus, anxi-
ety was not considered a mediating variable at any time point 
(Table S2). T
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3.5   |   Mediating Variables: GI Symptoms at 
Baseline, 1 and 6 Months

The results of the mediation analysis revealed a significant in-
direct effect (a × b, as depicted in Figure 1A) of acid regurgita-
tion at baseline (log-odds metric = 0.090, 95% CI 0.001–0.182) 
and hunger pains at 1 month (log-odds metric = 0.094, 95% CI 
0.023–0.173), and hunger pains at 6 months (log-odds met-
ric = 0.074, 95% CI 0.016–0.149). Furthermore, the direct ef-
fect of COVID-19 on post-COVID-19 IBS was not significant 
in the presence of the following mediators: Acid regurgitation 
at baseline (log-odds metric = 1.703, 95% CI −0.343–3.749), 
hunger pains at 1 month (log-odds metric = 1.603, 95% CI 
−0.452–3.658) and hunger pains also at 6 months (log-odds 
metric = 1.819, 95% CI −0.218–3.858). Hence, acid regurgi-
tation and hunger pains at 1 month and 6 months were the 
complete mediating variables between COVID-19 and post-
COVID-19 IBS (Tables 3 and S2).

4   |   Discussion

In this post hoc analysis, we attempted to explain the relation-
ship between COVID-19 and post-COVID-19 IBS. We hypoth-
esized that the effect of COVID-19 upon post-COVID-19 IBS is 
operated, completely or partially, through several clinical and 
psychological mediating variables. In our previous study on the 
relationship between COVID-19 and postinfectious IBS (PI-IBS) 
we reported three predictive factors of COVID-19 IBS, namely, 

history of allergies (OR, 10.024; 95% CI, 1.766–56.891; p = 0.009), 
chronic intake of proton pump inhibitors (OR, 4.816; 95% CI, 
1.447–16.025; p = 0.010), and dyspnea (OR, 4.157; 95% CI, 1.336–
12.934; p = 0.014), which were significant after multivariate 
analysis [6]. Other studies assessing the rate of post-COVID-19 
IBS [16–19], instead, did not find any predictive factor except for 
the presence of GI symptoms at baseline.

In this mediation analysis, no laboratory test was found to be 
a mediating variable between the occurrence of COVID-19 and 
the development of post-COVID-19 IBS. In a previous analysis, 
the role of inflammatory markers was not univocal [17]. In fact, 
in a recent study by Siyal et al., post-COVID-19 IBS was more 
likely in patients with higher levels of CRP and procalcitonin 
(PCT) during hospitalization, although only PCT remained sig-
nificant after regression [17]. Our analysis, however, showed 
that while the levels of lymphocytes, platelets, creatinine, and 
IL-6 were significantly lower, CRP levels were significantly 
higher in COVID-19 patients compared to controls. These oppos-
ing trends likely reflect the nature of our control group, which 
consisted of hospitalized non-COVID patients with varying co-
morbidities, some of whom had other underlying inflammatory 
conditions contributing to inflammatory variability. This het-
erogeneity may have masked the role of systemic inflammation 
as a possible mediator. Similarly, the widespread use of antibi-
otics in hospitalized patients, irrespective of COVID-19 status, 
may have further obscured potential mediating effects on post-
COVID IBS, as antibiotic exposure was common in both groups. 
Alternatively, this suggests that systemic inflammation alone 

TABLE 3    |    Simple mediation analyses for the relationship between COVID-19 and post-COVID-19 IBS (for parametric mediating variables), 
significant parameters.

Mediating 
variables (M)

Effect of 
COVID-19 
on M (a)

Effect of M on 
post-COVID-19 

IBS (b)
Direct 

effect (c')

Indirect 
effect 
(a × b)

Mediation 
effect

Percentage of 
mediation effect 
of the total effect

Psychological disorders

Depression at 
6 months

0.784* 0.135** 1.817 0.106a Complete 5.51%

Depression at 
12 months

0.725* 0.201*** 1.749 0.146a Complete 7.58%

GSRS at 1 month

Hunger pains 
severity

0.096* 0.977*** 1.603 0.094a Complete 5.54%

Acid 
regurgitation 
severity

0.147* 0.614*** 1.703 0.090a Complete 5.02%

GSRS at 6 months

Hunger pains 
severity

0.128* 0.583** 1.820 0.074a Complete 3.91%

Note: *p < 0.05; **p < 0.01; ***p < 0.001.
The results are expressed in a log-odds metric.

All analyses were conducted using the PROCESS macro for SPSS (version 4.2; Andrew F. Hayes 2022), with bootstrapping techniques with 95% CI based on 5000 
samples.
Abbreviations: GSRS, gastrointestinal symptom rating scale; IBS, irritable bowel syndrome; M, mediating variables.
aSignificant point estimates (p < 0.05) as determined by absence of zero within the confidence interval.
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may not be the primary driver of post-COVID IBS development 
and that other factors, such as localized gut inflammation, auto-
nomic dysfunction, and physiological stress responses, may play 
a more substantial role.

Our analysis highlighted the importance of the mediation of 
psychological factors in the development of IBS. In fact, we 
have demonstrated how depression at 6 and 12 months com-
pletely mediates the relationship between COVID-19 and post-
COVID-19 IBS.

The causal relationship between COVID-19 and depression 
has been extensively proven. The COVID-19 Mental Disorders 
Collaborators concluded that the pandemic led to a 27.6% in-
crease in cases of major depressive disorders [20, 21]. Another 
population-based prospective study that examined individuals 
with anxiety and/or depression demonstrated that persons who 
had higher levels of anxiety and depression at the beginning 
of the study were considerably more prone to developing IBS 
[22, 23].

Therefore, we can speculate that in our cohort, COVID-19 led 
to the development of depression, which, in turn, contributed 
independently to the development of IBS.

The predictive role of COVID-19–related GI symptoms in the 
development of post-COVID-19 IBS has been demonstrated 
by various authors [16–19, 24–28]. Our previous data showed 
that GI symptoms occurred more frequently in patients with 
COVID-19 than in the control group (59.7% vs. 43.2%) [10]. It 
is not clear, however, which symptoms, when present, contrib-
ute to the development of COVID-19 IBS. Our analysis showed 
that at baseline, no GI symptoms influenced the development 
of post-COVID-19 IBS. However, their persistence during fol-
low-up visits at 1 and 6 months contributes to the development 
of this DGBI. Specifically, at 1 month and 6 months, the presence 
of higher levels of hunger pain was able to explain, respectively, 
5.54% and 3.91% of the total effect. Hunger pains may contrib-
ute to IBS development through multiple mechanisms. One 
possible explanation is that disruptions in gastric motility fol-
lowing COVID-19 [29] may lead to altered gastric emptying and 
dysregulated hunger signaling, which could heighten visceral 
hypersensitivity [30]. Additionally, prolonged periods of fast-
ing or disrupted eating patterns due to illness could exacerbate 
gut–brain axis dysfunction, further sensitizing the enteric ner-
vous system [30–32]. Hunger pains may also serve as a marker 
of altered ghrelin secretion [33], and have been found to be 
significantly elevated in COVID-19 patients even months after 
infection, potentially influencing appetite regulation, immune 
response, and gut motility [34].

Another symptom mediating the effect of COVID-19 on post-
COVID-19 IBS was acid regurgitation at 1 month. Acid regur-
gitation may serve as a mediator due to the interplay between 
SARS-CoV-2's impact on the GI system and the development of 
disorders DGBI. SARS-CoV-2 infects the GI tract by binding to 
ACE2 receptors, which are abundant in the esophageal and gas-
tric mucosa. This can disrupt the normal function of the lower 
esophageal sphincter, leading to acid regurgitation. Additionally, 
the systemic inflammatory response and cytokine storm trig-
gered by COVID-19 may exacerbate esophageal sensitivity and 

impair gastric motility, further contributing to acid-related 
symptoms. Acid regurgitation may, in turn, amplify gut–brain 
axis dysfunction by heightening visceral hypersensitivity and 
triggering central sensitization, processes central to IBS patho-
physiology. This symptom may also reflect broader disruptions 
in the GI microbiome and motility caused by COVID-19, which 
have been implicated in the development of IBS-like symptoms. 
However, while PPIs effectively reduce acid exposure, they may 
also alter the gut microbiome, potentially promoting bacterial 
overgrowth and dysbiosis, which are known IBS risk factors. 
Given these effects, our findings do not support a universal rec-
ommendation for aggressive reflux treatment with PPIs as a pre-
ventive strategy for IBS.

Microbial dysbiosis can, in fact, participate in the COVID-19 
systemic inflammatory response and cytokine storm, leading 
to a more severe acute disease which can in turn cause more 
GI symptoms [8]. The relevance of the severity of the initial in-
fection is confirmed by our finding of dyspnea as a mediator of 
post-COVID-19 IBS. The presence of dyspnea during the initial 
infection is a marker of a more severe disease and, as described 
in a large meta-analysis by Klem et al. on PI-IBS, more severe 
infections yield a higher risk of disease development after the 
initial insult [35].

The main strength of the study lies in its prospective nature and, 
therefore, its ability to make causal inference. Mediation anal-
ysis is based on the assumption of temporal precedence of the 
exposure, mediator, and outcome, which means that changes in 
the exposure to COVID-19 are assumed to precede changes in 
each one of the clinical and psychological mediators, and that 
changes in the mediators are assumed to precede changes in the 
outcome (post-COVID-19 IBS). This analysis sheds light on the 
mediating factors that lead to the development of IBS, going be-
yond the simple linearity between variable and outcome, high-
lighting a possible extra pathophysiological pathway that would 
otherwise be overlooked.

There are several limitations in our investigation. The external 
validity and generalizability of the findings may have been in-
fluenced by several factors. First, the inclusion of patients from 
14 countries and 36 centers introduced variability in hospital-
ization criteria and healthcare resource availability during the 
early pandemic. Additionally, the study focused exclusively on 
hospitalized COVID-19 patients, excluding those with milder 
disease managed as outpatients. This narrow focus restricts 
the generalizability of the findings to individuals with severe 
COVID-19, making it difficult to extrapolate the results to 
less severe cases or broader populations. Furthermore, the 
exclusion of 260 patients who did not complete the 12-month 
follow-up further contributed to selection bias, as these ex-
cluded patients exhibited distinct characteristics, such as 
higher creatinine and C-reactive protein (CRP) levels and 
lower ferritin levels (Table S4), potentially representing a less 
symptomatic subgroup. Moreover, the control group consisted 
of hospitalized patients admitted for reasons unrelated to GI 
disorders. This choice, while pragmatic, may have introduced 
heterogeneity into the study cohort due to significant differ-
ences in baseline characteristics and comorbidities between 
the control and COVID-19 groups. These differences could 
have diminished the statistical strength of our findings. A 
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more specific control group consisting of patients hospital-
ized for non-COVID-19 infections or GI complaints might 
have served as a better comparator, minimizing variability 
and enhancing the interpretability of the results. Future stud-
ies should consider such refined control groups to strengthen 
the validity of comparisons. Together, these factors highlight 
the need for caution when extrapolating our findings to less 
severe COVID-19 cases or broader, less symptomatic popu-
lations. Another key limitation of our study is that IBS was 
assessed as a binary outcome (presence or absence) based on 
Rome IV criteria, without grading its severity. As a result, we 
were unable to evaluate whether the identified mediators in-
fluence the severity of post-COVID-19 IBS, rather than just its 
occurrence. Future studies should incorporate validated tools 
for IBS severity assessment to further elucidate this aspect. 
Other limitations include the follow-up duration, which was 
restricted to 1 year. Evidence suggests that GI symptoms fol-
lowing COVID-19 infection can persist for longer periods [36], 
highlighting the need for extended observation to fully under-
stand the mediating factors underlying PI-IBS. Additionally, 
the use of the GSRS to evaluate GI symptoms prior to baseline, 
while aiming to minimize selection bias, may have introduced 
recall bias. Finally, the study was a post hoc analysis of previ-
ously published data, which could not account for major fac-
tors such as SARS-CoV-2 genomic variants or the widespread 
impact of mass vaccination campaigns.

In conclusion, our data suggest that there are psychological 
and clinical factors that link COVID-19 to post-COVID-19 IBS. 
The occurrence of GI symptoms during the initial stages of 
COVID-19 and their continued presence should raise awareness 
regarding the possibility of a new diagnosis of IBS. These factors 
could be potential targets for therapies aimed at treating or pre-
venting depression.
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