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Abstract

Background: Recent observations indicate a growing number of individuals experiencing
acute coronary syndrome (ACS) during episodes of diarrheal illness, specially in outbreak
situations. During the 2022 diarrheal outbreak in Bangladesh, an increased number of ACS
events were observed among hospitalized diarrheal patients. This study aimed to evaluate the
clinical characteristics and risk factors associated with ACS among adults presenting with acute

diarrheal illness.

Method: We enrolled 139 adult diarrheal patients who developed ACS during hospitalization
and were subsequently referred to the National Institute of Cardiovascular Diseases (NICVD)
as cases. The control group consisted of 139 adult diarrheal patients who were discharged

without any clinical and laboratory evidence of cardiac events. ACS was diagnosed based on


mailto:shoeb@icddrb.org

internationally accepted clinical criteria, including ischemic symptoms, electrocardiographic
changes, and/or elevated Troponin-I levels. Multivariable logistic regression was performed to

identify factors independently associated with ACS.

Results: From March 1, 2022, to April 20, 2022, Dhaka Hospital treated 53,622 patients, of
whom 26,321 were aged >18 years. 139 developed ACS, corresponding to an incidence of 5.2
cases per 1,000 adult patients with diarrheal illness. The mean age of ACS patients was 56.3 +
15.6 years, and 64.8% were male. Compared with controls, ACS patients more frequently had
hypertension (70.6% vs 28.1%), diabetes mellitus (61.9% vs 27.3%), pre-existing heart disease
(35.5% vs 5%), and development of rapid dehydration within 24 hours of symptom onset
(61.9% vs10.1%) (all p<0.001). In multivariate analysis, pre-existing heart disease (adjusted
odds ratio [aOR] 13.06, 95% CI 5.91-28.89), hypertension (aOR 6.15, 95% CI 3.51-10.80),
diabetes mellitus (aOR 4.27, 95% CI 2.56-7.14), and rapid dehydration (aOR 4.70, 95% CI
2.07-10.59) were independently associated with ACS. The combination of diabetes and rapid
dehydration conferred the highest risk (aOR 24.47, 95% CI 8.54-70.12). Overall mortality

among ACS patients with follow-up data was 45.2%.

Conclusion: ACS is an important and potentially fatal complication of acute diarrheal illness.

Patients with pre-existing cardiovascular disease, hypertension, diabetes mellitus, and rapid

dehydration are at particularly high risk. Early cardiovascular assessment and prompt

correction of dehydration may improve outcomes during large diarrheal outbreaks.

Keywords: Acute coronary syndrome; Diarrheal illness; Dehydration; Hypercoagulability;

Diabetes mellitus; Cardiovascular complications.



Introduction:

Ischemic heart disease (IHD) remains the leading cause of mortality worldwide, accounting for
approximately ten million deaths annually and posing a substantial global public health burden (1)..
According to a 2020 survey in Bangladesh, IHD was identified as a primary contributor to adult
male mortality (25.9%), reflecting a broader trend where non-communicable diseases dominate the
top causes of death (2). Acute coronary syndrome (ACS), encompassing unstable angina and
myocardial infarction, describes a spectrum of conditions characterized by sudden, reduced blood
flow to the heart, leading to myocardial damage(3) . ACS can manifest as a new phenomenon even
in individuals without a pre-existing history of heart disease (4). Various factors, including physical
exertion, emotional stress, respiratory infections, and hypercoagulable states, are known triggers

for ACS (5, 6).

Concurrently, diarrheal illnesses, such as gastroenteritis, represent a significant global health
challenge. In 2017, gastroenteritis caused an estimated 6 billion infections and 1.5 million deaths
worldwide (7, 8). Frequent diarrhea can have serious consequences on the body. Not only does
it cause excessive fluid loss, but it also worsens systemic inflammation. These factors increase
the risk of blood clotting, leading to potentially dangerous thromboembolic complications.
Additionally, dehydration resulting from diarrhea causes a decrease in circulating blood
volume, forcing the heart to pump harder to compensate. This added strain puts extra pressure
on the heart. Furthermore, rapid dehydration that occurs within 24 hours(9) of experiencing
diarrhea can cause a sudden and significant increase in blood viscosity. This heightened
viscosity contributes to the formation of blood clots, further highlighting the urgency of

addressing diarrhea and its effects(8, 10).

Bangladesh recently experienced one of the worst cholera outbreaks in its history. The icddr,b

hospital has treated a record number of patients (more than 1400 per day)(11, 12). From March



1 to April 20, 2022, Dhaka Hospital alone managed over 53,622 patients, with 26,321 aged 18
years or older (13). Given the observed co-occurrence of diarrheal illness and cardiac events
during this outbreak, we conducted a case-control study. The objectives of this study were to
determine the incidence of ACS among hospitalized adult patients with diarrhea, to describe
their clinical characteristics, identify factors independently associated with ACS, and assess
patient outcomes. Improved understanding of these associations may facilitate earlier
recognition of high-risk patients and contribute to strategies aimed at reducing cardiovascular

morbidity and mortality during future diarrheal outbreaks.

Materials and methods:

Study design: This was a case-control study. We enrolled 139 participants presenting with
diarrhea during the 1% March-20" April 2022 outbreak and who developed major cardiac events
and were referred to the National Institute of Cardiovascular Diseases (NICVD) hospital as
cases. The 139 controls were randomly selected from the discharged patients of the hospital

using SPSS random sampling.

Study site: Dhaka Hospital, icddr,b, is the largest diarrheal disease hospital in the world, which
treated more than 200,000 patients in 2022. The healthcare professionals at icddr,b are utilizing
their specialized knowledge in managing diarrhea, severe acute malnutrition (SAM), and
pneumonia. The patients who developed ACS were referred to a specialized cardiac hospital for

further treatment after initial stabilization.
Inclusion Criteria:

For case:

1. Age> 18 years of either sex
2. Diagnosed case of acute coronary syndrome based on any two of the following criteria:

1. Typical chest pain related to ischemia



2. ECG change
3. Increased Troponin-I levels

3. Referred to the National Institute of Cardiovascular Diseases (NICVD) Hospital
For Control:

1) Age> 18 years of either sex

2) No history of cardiac involvement with normal ECG.
Exclusion Criteria for Selecting Cases:

1. Age <18 years of either sex

2. No abnormalities in ECG and routinely discharged without any cardiac involvement
Diagnosis Flow chart of ACS: Out of 139 cases of Acute Coronary Syndrome (ACS), Troponin-
I was tested for 80 cases, out of which 52 showed high levels and 28 were normal. So, 139 cases

of ACS was diagnosed by ( Fig-1)-

1) Typical Symptom+ Troponin I= 52 (37.4%)

2) Typical Symptom+ ECG change= 87 (62.6%) [ 59(42.4%) + 28(20.2%)]

Symptoms of ACS
!
Do ECG (If clear sign of ST Elevation) —Confirm Dx ACS [59(42.4%)]
| (If No)
Troponin i
| if high — Confirm Dx [52(37.4%)]
If troponin-i was normal then observe and if still patient symptomatic repeat ECG

!
Repeat ECG (If clear sign of ST Elevation) —Confirm Dx ACS [ 28(20.2%)]

Fig-1 Acute Coronary Syndrome diagnosis flow chart




Case Definition and Diagnostic Criteria for ACS: Acute coronary syndrome (ACS) was
diagnosed using internationally accepted clinical criteria from the European Society of Cardiology
(ESC)(14) and American Heart Association (AHA) guidelines(15). Patients were considered to
have ACS if at least two of the three criteria ey fulfilled at least two of the following three criteria:
(1) typical ischemic chest pain or equivalent symptoms suggestive of myocardial ischemia, (2)
electrocardiographic (ECG) changes consistent with ACS, including ST-segment elevation, ST-
segment depression, T-wave inversion, or new ischemic changes, and/or (3) elevated serum
Troponin-I levels above the institutional reference range(14, 15). The study included patients with
ST-elevation myocardial infarction (STEMI), non-ST-elevation myocardial infarction (NSTEMI),
and unstable angina. Troponin-I testing was not available in all patients due to resource limitations
and the emergency outbreak setting; therefore, some cases were diagnosed based on compatible
clinical presentation and dynamic ECG findings despite normal or unavailable troponin results,
particularly when patients presented early after symptom onset before biomarker elevation could
occur. In this study, patients with alternative causes of myocardial injury, including clinically
suspected myocarditis, septic shock-related myocardial dysfunction, or isolated demand-related
ischemia (Type 2 myocardial infarction) without supportive ECG evidence of ACS, were excluded
as far as clinically feasible based on available medical records, clinical assessment, and cardiology

evaluation at referral centers.

Selection of Controls: Controls were selected from adult ( >18years) diarrheal patients
admitted during the same study period (1 March—20 April 2022) who did not develop any clinical
evidence of acute coronary syndrome (ACS) and were discharged routinely from the hospital. A
1:1 case-control ratio was maintained to ensure comparability between groups. Controls were
randomly selected from the electronic database (SHEBA) of Dhaka Hospital, icddr,b, using the
SPSS random sampling function, with frequency matching by age group and sex to minimize
potential confounding between cases and controls. Clinical records of all control participants were
retrospectively reviewed. According to hospital protocol, ECG were performed during their
hospital care if patients presented with symptoms such as chest pain or discomfort, but no clinical
or ECG features of ACS were identified. Troponin-I testing was not performed in asymptomatic
controls due to resource limitations and low clinical suspicion. Selection bias was minimized by
recruiting controls from the same source population and study period as the cases using identical

eligibility criteria except for the absence of ACS.



Statistical analyses

The data were analyzed using Stata-14 software (StataCorp LP, College Station, TX, USA).
Categorical variables were presented as frequencies with percentages, while mean and standard
deviation were used for homogeneous data and median with interquartile range for skewed data.
Various characteristics such as age, sex, diarrhea and its duration, dehydration status, stool
consistency, and fever, as well as outcomes (improved/death in hospital/major complications), were
compared. Chi-square tests were utilized for comparing categorical variables. For continuous main
outcome measures, analysis of variance (ANOVA) and the Kruskal-Wallis test were employed for
parametric and nonparametric variables, respectively, to assess the statistical significance of
differences. To evaluate the association between all exposure variables and the outcome variable—
Cardiovascular Thromboembolic Manifestations—simple logistic regression was conducted.
Finally, adjusted Odds Ratios were estimated using multiple logistic regression, employing a
separate model for each exposure variable, with adjustments made for age, sex, religion, and the

presence of fever.

Results:

During the study period, the overall incidence of acute coronary syndrome (ACS) was 5.2 cases
per 1,000 adult diarrheal patients (aged >18 years). Among them, the mean (SD) age was
56.3(x15.6) years, 64.8% (n=90) were male, and 41 % (n=57) were aged >60 years (Table 1).
Median (IQR) duration of diarrhea was 23 (12—48) hours; 89.2% had watery stools, and 92.8%
presented with dehydration (some: 38.1%, severe: 54.7%). Here, 37.4% of patients with ACS
were diagnosed by suggestive symptoms + ECG change + increased troponin-I, and 62.6%

were diagnosed by symptoms and ECG changes (Table 1).



Table 1 Clinical and Demographic Characteristics of Adult Diarrheal Patients Who

Developed Acute Coronary Syndrome (ACS)

Characteristics

n (%) or median (IQR) or mean
(SD)

Incidence of ACS cases n/1000 patients 5.2
Age, mean(£SD) years 56.3(%£15.6)
Age category

= 18-45 years 35(25.2)

= 46-60 years 47 (33.8)

= >60 years 57 (41)
Sex, male n (%) 90(64.8)
Duration of diarrhea, median (IQR) hours 23 (12-48)
Dehydration status, n (%)

= No 10 (7.2)

= Some 53 (38.1)

= Severe 76 (54.7)

* Study year- 2022: during outbreak

Compared with non-ACS controls (n=139), patients in the ACS group were significantly older (>60
years: 41.0% vs. 28.8%, p=0.023) and exhibited a significantly higher prevalence of baseline
comorbidities: Hypertension: 70.6% vs. 28.1% (p<0.001); Diabetes Mellitus (DM): 61.9% vs.
27.3% (p<0.001); Pre-existing heart disease: 35.5% vs. 5.0% (p<0.001). At triage, ACS patients
were more likely to present with a lethargic appearance (36.0% vs. 5.0%, p<0.001), rapid onset of
dehydration (<24 hours: 61.9% vs. 10.1%, p<0.001), and random blood sugar (RBS) >11 mmol/L}
(37.8% vs. 23.2%, p=0.018). Serum sodium levels ge135 mmol/L} (47.4% vs. 18.6%, p=0.002)
and acute kidney injury (elevated serum creatinine: 92.5% vs. 75.9%, p=0.028) were also

significantly more common in the ACS group (Table 2).



Table 2 Clinical and Laboratory Characteristics of Adult Diarrheal Patients With ACS

and Non-ACS Controls

Characteristics ?,75 )S (139), n g;g;?f(s% ) Overall E;lue
Sex
Male 90 (64.8) 85 (61.2) 175 (63) 0.535
Female 49 (35.3) 54 (38.9) 103 (37.1) ’
Religion
Muslim 136 (97.8) 131 (94.2) 267 (96) 0.124
Hindu 3(2.2) 8 (5.8) 11 4) )
Age category
(18-45) years 35(25.2) 55 (39.6) 90 (32.4)
(46-60) years 47 (33.8) 44 (31.7) 91 (32.7) 0.023
(>60) years 57 (41) 40 (28.8) 97 (34.9)
General Appearance
Normal 10 (7.2) 40 (28.8) 50 (18)
Lethargic 50 (36) 7(5) 57 (20.5) <0.001
Irritable 79 (56.8) 92 (66.2) 171 (61.5)
Fever
No 111 (79.9) 100 (71.9) 211 (75.9) 0.123
Yes 28 (20.1) 39 (28.1) 67 (24.1) )
Hypertension
No 32 (29.36) 100 (71.94) 132 (53.23) <0.001
Yes 77 (70.64) 39 (28.06) 116 (46.77) )
History of Heart Disease
No 89 (64.5) 132 (95) 221 (79.8) <0.001
Yes 49 (35.5) 7(5) 56 (20.2) )
Diabetics
No DM 53 (38.13) 101 (72.66) 154 (55.40) <0.001
Yes DM 86 (61.87) 38 (27.34) 124 (44.60)
Diarrhea Stool characteristics
Watery 124 (89.2) 104 (74.8) 228 (82) 0.002
Mucoid or Bloody 15 (10.8) 35(25.2) 50 (18) ’
Duration of Diarrhea in hours
(<24) hours 64 (46.04) 88 (63.31) 152 (54.68) <0.001
(>=24) hours 75 (53.96) 51 (36.69) 126 (45.32) ’
Dehydration status
No 10 (7.2) 7(5) 17 (6.1) 0.45
Yes (Some/Severe) 129 (92.8) 132 (95) 261 (93.9) )
Rapid (<24 hours)
development of
dehydration
Yes 86(61.9) 14 (10.1) 100 (64) 0.001
No 53(38.1) 125(89.9) 178(64)
RBS Triage
>11 34 (37.8) 32 (23.2) 66 (29) 0.018
<=11 56 (62.2) 106 (76.8) 162 (71.1) )
Rapid DH (<24 hours) with
DM
<24 hours with DM 51 (46.0) 2(1.5) 53 (21.3) <0.001



Others 60 (54.1) 136 (98.6) 196 (78.7)
Rapid DH (<24 hours) with

DM with High RBS at
triage
Yes 25(22.5) 2(1.4) 27(10.8) <0.001
No 86(77.5) 136(98.6) 222 (89.16) ’
Sodium
(<135) 20 (52.6) 70 (81.4) 90 (72.6) 0.002
(>=135) 18 (47.4) 16 (18.6) 34 (27.4) ’
Potassium
<35 12 (30.8) 21 (24.7) 33 (26.6)
3.5-5 23 (59) 52 (61.2) 75 (60.5) 0.7
>5 4 (10.3) 12 (14.1) 16 (12.9)
S. Creatinine
Increase 37(92.5) 63(75.9) 100(81.3) 0.028
Normal 3(7.5) 20(24.1) 23(18.7)

In a multivariable logistic regression model adjusted for age, sex, religion, and fever, several
independent clinical features and comorbidities were strongly associated with increased odds of
developing acute coronary syndrome (ACS) during acute diarrhea (Table 3). Pre-existing heart
disease demonstrated the highest independent odds (a OR} = 13.06, 95\% CI:5.91--28.89, p <
0.001), followed by hypertension (a OR = 6.15, 95% CI: 3.51-10.80, p < 0.001), an abnormal
appearance at triage (irritable, restless, or lethargic; a OR = 5.12, 95% CI: 2.43-10.77, p < 0.001),
rapid onset of dehydration in less than 24 hours (a OR =4.70, 95% CI: 2.07-10.59, p < 0.001), and
diabetes mellitus (a OR = 4.27, 95% CI:2.56-7.14, p < 0.001). Additional independent predictors
included presenting with watery stool (a OR} =2.60, 95% CI: 1.31-5.14, p = 0.006) and a random
blood sugar level >11 mmol/L} at triage (a OR=2.33,95% CI: 1.35-4.00, p = 0.002). Furthermore,
notable synergistic clinical profiles substantially amplified risk, specifically the combination of
rapid dehydration and diabetes mellitus (a OR = 24.47, 95% CI:8.54-70.12, p < 0.001) as well as
rapid dehydration, diabetes mellitus, and triage random blood sugar >11 mmol/L (a OR= 14.29,

95% CI: 4.24-48.17, p < 0.001).



Table 3 Factors Associated With Acute Coronary Syndrome in Adult Diarrheal

Patients: Logistic Regression Analysis

Unadjusted OR 1 Adjusted OR” I

Exposure variables (95% CI) p-vaiue (95% CI) p-value
General appearance at triage

Normal Reference Reference

Irritable/Less active/Restless  5.40 (2.58, 11.31) <0.001 5.12 (2.43, 10.77) <0.001
Hypertension

No Reference Reference

Yes 6.17 (3.55, 10.74) <0.001 6.15 (3.51, 10.8) <0.001
Preexisting heart diseases

No Reference Reference

Yes 13.19 (5.99, 29) <0.001  13.06 (5.91,28.89) <0.001
DM

No Reference Reference

Yes 4.31 (2.60, 7.16) <0.001 4.27 (2.56,7.14) <0.001
Diarrheal stool characteristics

Bloody and/or mucoid Reference Reference

Watery 2.69 (1.41,5.12) 0.003 2.6 (1.31,5.14) 0.006
Diarrhea duration <24 hours

More than 24 hours Reference Reference

Less than 24 hours 2.02 (1.25,3.27) 0.004 1.97 (1.21, 3.21) 0.006
Dehydration status

Dehydration Reference Reference

No Dehydration 1.49 (0.62, 3.61) 0.377 1.61 (0.65, 3.99) 0.306
Duration of development of DH

> 24 hours or No DH Reference Reference

< 24 hours 2.04 (1.30-7.9) <0.001 4.7 (2.07, 10.59) <0.001
RBS at triage

<11 Reference Reference

>11 2.37 (1.39, 4.07) 0.002 2.33 (1.35, 4.00) 0.002
Rapid DH (<24 hours) with DM

No Reference Reference

Yes 24.89 (8.71,71.11) <0.001 24.47 (8.54,70.12) <0.001
Rapid DH (<24 hours) with DM
with High RBS at triage

No Reference Reference

Yes 14.11 (4.21,47.28) <0.001 14.29 (4.24,48.17) <0.001
S. Sodium

<135 Reference Reference

>135 3.94 (1.71, 9.09) <0.001 4.36 (1.83, 10.39) <0.001
S. Potassium

>5 Reference Reference

<3.5 1.71 (0.45, 6.52) 0.429 2.05 (0.53, 7.96) 0.300

3.5-5 1.33 (0.39, 4.56) 0.653 1.38 (0.40, 4.80) 0.613
Creatinine category

<119 Reference Reference

>120 3.92 (1.09, 14.08) 0.037 3.61(0.99, 13.17) 0.052




*Adjusted Odds Ratios were estimated using multiple logistic regression; a separate model was employed for
each exposure variable listed in the first column, with adjustments made for age, sex, religion, and the presence

of fever

The outcome of the patients who developed acute coronary syndrome during diarrheal illness
showed that out of 84 patients, death was 45.2%, among whom 34.5% died during the
hospital stay and 10.7% died after discharge. On the other hand, 54.7% of patients were alive,
and among them, 44% maintained a normal life after taking treatment, and 10.7% were alive

with major complications (Table 4)

Table 4: Follow-up Outcomes of the patients who developed ACS during diarrheal
illness

Events

Follow-up (n=84) outcome (n) Percentages (%)
Alive, n=46 Alive with Normal life 37/84 44
(54.7%)
Alive v.v1th. major /34 10.7
Complication
Death, n=38 . .
( 4?2% ;1 Death during hospital stay 29/84 34.5
Death after discharge 9/84 10.7
Discussion:

Acute coronary syndrome (ACS), including myocardial infarction, is a global health concern

with significant implications for public health and the healthcare system (16). Diarrhea may



lead to cardiovascular complications, which have been overlooked in several studies. Our study
sheds light on the concerning association between diarrheal episodes and the development of
Acute Coronary Syndrome (ACS), particularly during outbreaks. In this study, we observed a
notable incidence of 5.2 ACS events per 1000 diarrheal patients among adults, presenting with
acute diarrheal illness during a major cholera outbreak in Bangladesh. The findings highlight the
potential clinical importance of recognizing cardiovascular complications in diarrheal patients,

particularly those with pre-existing cardiovascular risk factors.

Our results highlight several key risk factors significantly associated with the development of
ACS during a diarrheal episode. Pre-existing heart diseases emerged as the strongest predictor,
increasing the odds of ACS by over 13 times (aOR: 13.06, 95% CI: 5.91-28.89, p<0.001). This
is consistent with existing literature, where patients with underlying cardiovascular conditions
are known to be more vulnerable to thrombotic events triggered by systemic stressors.
Similarly, hypertension (aOR: 6.15, 95% CI: 3.51-10.8, p<0.001) and diabetes mellitus (aOR:
4.27, 95% CI. 2.56-7.14, p<0.001) were identified as significant independent risk factors.
These chronic conditions are well-established contributors(17) to cardiovascular disease, and
their presence likely exacerbates the hypercoagulable and inflammatory state induced by

diarrheal illness.

A particularly striking finding was the strong association between the rapid development of
dehydration (<24 hours) and ACS. While dehydration itself is a known consequence of severe
diarrhea, our study showed that patients who experienced rapid dehydration in conjunction
with diabetes and high random blood sugar (RBS) at triage had a substantially elevated risk of
ACS (aOR: 14.29, 95% CI: 4.24-48.17, p<0.001). This suggests a critical interplay between
fluid loss, glycemic control, and the onset of cardiac events. Rapid fluid shifts and
hemoconcentration due to dehydration can increase blood viscosity, promote platelet

aggregation, and lead to a hypercoagulable state(18), thereby precipitating thrombotic events



like ACS(19). The combination with uncontrolled diabetes further compounds this risk due to

the pro-thrombotic and inflammatory effects of hyperglycemia.

Our findings are also supported by previous reports describing an association between
gastroenteritis and myocardial infarction(20). Several studies have suggested that acute
gastrointestinal infections may trigger ACS through inflammatory cytokine release,
sympathetic activation, dehydration, and coagulation abnormalities. Additionally, diarrheal
illness may precipitate Type 2 MI due to hypotension, reduced coronary perfusion, and
increased myocardial oxygen demand during severe systemic stress(21). These mechanisms

are particularly relevant in elderly patients and those with underlying cardiovascular disease.

The high mortality rate of 45.2% observed in patients who developed ACS during diarrheal
illness is alarming and underscores the severity of this comorbidity. This high fatality rate
highlights the urgent need for early recognition and aggressive management of ACS in

diarrheal patients, especially those with identified risk factors.

However, our study had some limitations. First, the single-center design and small sample size
may limit the generalizability of our findings. The lack of relevant data makes it difficult to
establish a link between diarrhea etiology and acute coronary syndrome. In addition, troponin-
I testing was not performed in all patients, and myocarditis or sepsis-related myocardial injury
could not be completely excluded in some cases. The lack of routine echocardiography and
coronary angiography limited confirmation of the underlying mechanism of myocardial injury
and differentiation of Type 2 myocardial infarction from obstructive coronary disease.
Therefore, causality between diarrheal illness and ACS cannot be definitively established.
Further multicenter prospective studies are needed to better understand the underlying

mechanisms linking severe diarrheal illness with acute cardiovascular events.



Conclusion: Acute coronary syndrome is an underrecognized yet life-threatening complication
of acute diarrheal illness. During the 2022 Bangladesh diarrheal outbreak, ACS was associated
with high mortality and occurred predominantly among patients with pre-existing
cardiovascular disease, hypertension, diabetes mellitus, and rapidly developing dehydration.
The markedly elevated risk observed among patients with concurrent diabetes and rapid
dehydration highlights the critical interplay between metabolic vulnerability and acute fluid
loss. Our findings underscore the need to expand the clinical focus of diarrheal disease
management beyond rehydration alone to include cardiovascular risk assessment and
monitoring in high-risk adults. Integrating early cardiac evaluation into the management of
severely dehydrated patients may facilitate timely diagnosis and improve outcomes.
Recognition of ACS as a potential complication of acute diarrheal illness has important
implications for patient care, outbreak preparedness, and public health strategies in resource-
limited settings. Large multicenter prospective studies are warranted to validate these findings
and clarify the causal relationship between severe diarrheal illness and acute cardiovascular

events.

Declarations
Abbreviations

= ACC: American College of Cardiology

= ACS: Acute Coronary Syndrome

= AHA: American Heart Association

= aOR: Adjusted Odds Ratio

= CI: Confidence Interval

= DH: Dehydration

= DM: Diabetes Mellitus

= ECG: Electrocardiogram

= ESC: European Society of Cardiology

* jcddr,b: International Centre for Diarrhoeal Disease Research, Bangladesh
= JHD: Ischemic Heart Disease

= IQR: Interquartile Range

=  MI: Myocardial Infarction

= NICVD: National Institute of Cardiovascular Diseases



= NSTEMI: Non-ST-Elevation Myocardial Infarction
= OR: Odds Ratio

= RBS: Random Blood Sugar

= SD: Standard Deviation

= SPSS: Statistical Package for the Social Sciences

=  STEMI: ST-Elevation Myocardial Infarction

Ethical approval and consent to participants:

This study was conducted by evaluating archived medical records from the electronic database
(SHEBA) at Dhaka Hospital, icddr,b. Participants referred to another healthcare facility during
their care were contacted once by telephone to determine their final clinical outcome. The study
protocol was approved by the hospital authorities and the Institutional Review Board of icddr,b
(Research Protocol Number: PR-23152, Version-1), authorizing the use of the data for analysis
and manuscript preparation. Informed verbal consent was obtained during telephone follow-

ups for outcome assessment.

Consent for publication
Not applicable. The manuscript contains anonymized retrospective clinical data and does not

contain any person's details, images, or videos.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the corresponding
author upon reasonable request and subject to approval by the institutional data repository

committee at icddr,b.

Competing Interests

The authors declare no competing interests.

Funding

This research received no grant from any funding agency in the public, commercial, or not-for-

profit sectors. This protocol was supported by icddr,b’s core fund through capacity-building



for clinical research initiatives. The authors undertook this work voluntarily, in their personal

time, to address this clinically important question using existing hospital records.

Clinical trial registration: Not applicable.

Authors' contributions

TA and SBI conceived the research ideas. SBI, MJC, MSH, TA, MS, MC, MAAN, SMQ, and
MKH contributed to the study design. SBI, MC, MAAN, SMQ, JF, and MKH performed
patient recruitment. Data analysis and the first draft were prepared by SBI and MS. All authors

read, contributed to, and approved the final manuscript.

Acknowledgements

The protocol was supported through icddr,b’s core funding as a part of its capacity-building
initiatives for clinical research. We are thankful to the governments of Bangladesh and Canada
for providing unrestricted core support to icddr,b. We also appreciate the support of physicians,
clinical fellows, nurses, and healthcare personnel for their contributions during data collection.

We are also grateful to the participants and their caregivers for their generous cooperation.

References:

1.James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and
national incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195
countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. The lancet. 2018;392(10159):1789-858.

2.Khaled MFI, Adhikary DK, Islam MM, Alam MM, Rahman MW, Chowdhury MT, et al. Factors
responsible for prehospital delay in patients with acute coronary syndrome in Bangladesh. Medicina.
2022;58(9):1206.

3.DeVon HA, Mirzaei S, Zégre-Hemsey J. Typical and atypical symptoms of acute coronary
syndrome: time to retire the terms? Journal of the American Heart Association. 2020;9(7):e015539.

4. Waterbury TM, Tarantini G, Vogel B, Mehran R, Gersh BJ, Gulati R. Non-atherosclerotic causes of
acute coronary syndromes. Nature Reviews Cardiology. 2020;17(4):229-41.



5.Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treatment of acute coronary syndromes: a
review. Jama. 2022;327(7):662-75.

6.Bray MA, Sartain SE, Gollamudi J, Rumbaut RE. Microvascular thrombosis: experimental and
clinical implications. Translational Research. 2020;225:105-30.

7.Guan L, Liu Z, Pan G, Zhang B, Wu Y, Gan T, et al. The global, regional, and national burden of
appendicitis in 204 countries and territories, 1990-2019: a systematic analysis from the Global
Burden of Disease Study 2019. BMC gastroenterology. 2023;23(1):44.

8.Harikrishnan S, Jeemon P, Mini G, Thankappan K, Sylaja P. GBD 2017 causes of death
collaborators. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195
countries and territories, 1980-2017: a systematic analysis for the global burden of disease study
2017. 2018.

9.LaRocque R, Harris JB. Cholera: clinical features, diagnosis, treatment, and prevention. This Top
Available online: https://www uptodate com/contents/cholera-clinical-features-diagnosis-treatment-
and-prevention (accessed on 20 September 2022). 2018.

10.Shekarforoush S, Fardaee M. The effects of hydration status on cardiovascular system: a review.
2020.

11.Alam M, Monir MM, Islam MT, Mazumder R, Mondal D, Nahar KS, et al. Genomic attributes of
Vibrio cholerae responsible for a massive cholera outbreak in Bangladesh, 2022. 2022.

12.Tauheed I, Ahmed T, Akter A, Firoj MG, Ahmmed F, Rahman SIA, et al. A snap-shot of a
diarrheal epidemic in Dhaka due to enterotoxigenic Escherichia coli and Vibrio cholerae O1 in 2022.
Frontiers in public health. 2023;11:1132927.

13.Hasan ST, Das S, Faruque A, Khan Al, Clemens JD, Ahmed T. Taking care of a diarrhea epidemic
in an urban hospital in Bangladesh: Appraisal of putative causes, presentation, management, and
deaths averted. PLoS neglected tropical diseases. 2021;15(11):e0009953.

14.Byrne RA, Rossello X, Coughlan J, Barbato E, Berry C, Chieffo A, et al. 2023 ESC guidelines for
the management of acute coronary syndromes: developed by the task force on the management of
acute coronary syndromes of the European Society of Cardiology (ESC). European Heart Journal:
Acute Cardiovascular Care. 2024;13(1):55-161.

15.Rao SV, O’Donoghue ML, Ruel M, Rab T, Tamis-Holland JE, Alexander JH, et al. 2025
ACC/AHA/ACEP/NAEMSP/SCALI guideline for the management of patients with acute coronary
syndromes: a report of the American College of Cardiology/American Heart Association Joint

Committee on Clinical Practice Guidelines. Journal of the American College of Cardiology.
2025;85(22):2135-237.

16.Timmis A, Kazakiewicz D, Townsend N, Huculeci R, Aboyans V, Vardas P. Global epidemiology
of acute coronary syndromes. Nature Reviews Cardiology. 2023;20(11):778-88.

17.Siagian SN, Christianto C, Angellia P, Holiyono HI. The risk factors of acute coronary syndrome
in young women: a systematic review and meta-analysis. Current Cardiology Reviews.
2023;19(3):37-49.

18.Watso JC, Farquhar WB. Hydration status and cardiovascular function. Nutrients.
2019;11(8):1866.


https://www/

19.Van der Mullen J, Wise R, Vermeulen G, Moonen P-J, Malbrain M. Assessment of hypovolaemia
in the critically ill. Anestezjologia Intensywna Terapia. 2018;50(2):152-61.

20.Tai Y-H, Chang M-L, Chu P-H, Yeh C-C, Cherng Y-G, Chen T-L, et al. Risk of acute myocardial
infarction in patients with gastroenteritis: a nationwide case-control study. Journal of Clinical
Medicine. 2022;11(5):1341.

21.DeFilippis AP, Chapman AR, Mills NL, De Lemos JA, Arbab-Zadeh A, Newby LK, et al.
Assessment and treatment of patients with type 2 myocardial infarction and acute nonischemic
myocardial injury. Circulation. 2019;140(20):1661-78.



