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ABSTRACT

Background: Cholera causes severe diarrhea, which may precipitate hypokalemia, dysnatremia, and acute kidneyinjury. This study aimed to evaluate the incidence, severity, and associated clinical factors of cholera-related electrolytedisturbances, focusing on hypokalemia and renal complications.
Methods: This prospective, multicenter, hospital-based observational study included 166 patients with Vibrio choleraeinfection, aged 15–80 years, admitted to Azadi and Kirkuk General hospitals in Iraq between April and October 2022.The study included 67 females and 99 males. Medical history was obtained from all patients. Among the 154 patientswith hypokalemia, diarrhea was categorized as mild in 61 patients (39.6%), moderate in 65 (42.2%), and severe in28 (18.2%). Twelve patients had normal serum potassium levels and were not included in the hypokalemia-specificanalyses. Serum potassium, sodium, and chloride levels were measured. Hypokalemia was defined as mild (3.0–3.5mmol/L), moderate (2.5–3.0 mmol/L), or severe (<2.5 mmol/L). Acute kidney injury was diagnosed according to theKDIGO guideline.
Results: Among patients with hypokalemia, 50 (32.5%) had mild, 34 (22.1%) had moderate, and 70 (45.5%) had severehypokalemia. Severe hypokalemia was observed in 17 of 28 diabetic patients (60.7%) and represented the largesthypokalemia category among hypertensive patients, occurring in 25 of 58 patients (43.1%). Moderate hypokalemia waspresent in 11 of 26 patients with kidney stones (42.3%), while mild and moderate hypokalemia were each observed in 4 of11 patients with chronic kidney disease (36.4% each). Diarrhea severity and vomiting were significantly associated withhypokalemia severity. Acute kidney injury developed in 21 patients (12.7%), and 11 patients (6.6%) required hemodialysis.Six deaths were recorded, corresponding to a mortality rate of 3.6%.
Conclusion: Cholera was associated with clinically important electrolyte disturbances, particularly hypokalemia. Hy-pokalemia severity was related to diarrhea severity, vomiting status, and lower serum sodium and chloride levels. Earlyelectrolyte correction and renal monitoring are important in hospitalized cholera patients.
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INTRODUCTIONC holera is an acute watery diarrheal disease caused
by the bacterium Vibrio cholerae and has long
been recognized as a life-threatening infection
with pandemic potential [1]. Estimating the

global burden of cholera is challenging because many cases
go unreported; however, epidemiological studies suggest that
between 1.3 million and 4.0 million cases occur annually, re-
sulting in approximately 21 000 to 143 000 deaths worldwide
[2, 3].
Most cholera cases and deaths occur in endemic regions of
Asia, Africa, and Latin America, with Africa remaining partic-
ularly vulnerable because of climate change, extreme weather
events, fragile health systems, and recurrent outbreaks [2, 4].
Deaths from acute diarrhea are largely attributable to se-
vere dehydration and the resultant electrolyte imbalances [3].
Laboratory findings in cholera patients frequently reveal hy-
pokalemia, hypocalcemia, and metabolic acidosis [3, 5].
The clinical and biochemical manifestations range from mild
dehydration to severe electrolyte disturbances, including hy-
ponatremia, hypernatremia, hypokalemia, hypocalcemia,
and metabolic acidosis [3].
Cholera-associated fluid loss can precipitate acute kidney in-
jury (AKI). Dehydration and infection-related tubular injury
reduce renal function and exacerbate electrolyte imbalances
because the kidneys are essential for maintaining sodium
and potassium homeostasis [5, 6]. In outbreak studies, hy-
pokalemia is among the most prevalent electrolyte abnormal-
ities [5].
Recent join-point analyses show that cholera mortality de-
clined among males and remained stable among females
worldwide but increased substantially in the African region
between 1990 and 2019 [7]. Country-specific data illustrate
the ongoing public-health challenge; for example, Cameroon
experienced four cholera epidemics between 2018 and 2023,
with an overall case-fatality rate of 2.7% and the highest mor-
tality among individuals over 65 years of age [8].
The present study aimed to evaluate the incidence, severity,
and associated clinical factors of cholera-related electrolyte
disturbances, focusing on hypokalemia and renal complica-
tions.

MATERIALS AND METHODS

Study design, setting, and participants

This prospective, multicenter, hospital-based observational
study enrolled 166 patients with confirmed Vibrio cholerae in-
fection, with or without acute kidney injury (AKI). The study
included 67 females and 99 males, aged 15–80 years. Patients
were recruited from Azadi Teaching Hospital and Kirkuk Gen-

eral Hospital in Kirkuk city, Iraq, between 25 April and 1 Oc-
tober 2022. Ethical approval was obtained from the Ethics
Committee of the College of Medicine, University of Kirkuk
(No. 43, dated 31 May 2021).
Microbiological diagnosis of Vibrio cholerae

Stool samples were collected from all 166 patients with wa-
tery diarrhea and placed in sterile universal bottles containing
Cary–Blair transport medium. Samples were delivered to the
laboratories of the participating hospitals within 8 h. Col-
lection and processing were performed according to WHO
guidance for the detection of V. cholerae.
For enrichment, stool samples were inoculated into alkaline
peptone water (APW, pH 8.4). After incubation for 6–8 h
at 37◦C, the broth was subcultured onto thiosulfate-citrate-
bile-salts-sucrose (TCBS) agar and incubated for 24 h. Yellow
colonies on TCBS agar and lactose-negative or slightly pink
colonies on MacConkey agar were presumptively identified
as V. cholerae. The isolates were subcultured as pure cultures
on nutrient agar. Oxidase testing was then performed; de-
velopment of a dark purple color within 10 s on filter paper
was interpreted as a positive reaction. Final confirmation was
performed using the API-20E system (BioMérieux, France).
Clinical assessment and definitions

Clinical history, including comorbidities, and physical exami-
nation findings were collected using a structured question-
naire. Diarrhea severity was classified according to the fre-
quency of loose bowel movements as mild (<5 times/day),
moderate (5–10 times/day), or severe (>10 times/day). Hy-
pokalemia was classified as mild (3.0–3.5 mmol/L), moderate
(2.5–3.0 mmol/L), or severe (<2.5 mmol/L) [9]. Acute kid-
ney injury was diagnosed according to the Kidney Disease:
Improving Global Outcomes (KDIGO) guideline [10].
Laboratory measurements

Blood samples were collected at presentation before treat-
ment initiation. Serum K+, Na+, Cl−, blood urea, and serum
creatinine were measured in the laboratories of the participat-
ing hospitals according to routine laboratory procedures and
manufacturers’ instructions. Serum K+, Na+, and Cl− were
measured using FUJI DRI-CHEM SLIDE Na-K-Cl (FUJIFILM,
Japan). Blood urea and serum creatinine were measured using
routine hospital biochemical methods.
Inclusion criteria

Patients were included if they met the following criteria:
i. Confirmed diagnosis of cholera based on positive stool



66 | Kirkuk J.Med. Sci., 2026, Vol. 14, No. 1 Raoof & Tarab

culture.
ii. Rice-water stool with dehydration assessed using WHO
scales [11].

iii. Controlled diabetes mellitus with HbA1c <7%, hyperten-
sion with no regular antihypertensive treatment or treat-
ment with calcium-channel blockers only, or chronic kid-
ney disease not requiring dialysis.

Exclusion criteria

Patients were excluded if they met any of the following crite-
ria:

i. Polyuria for any reason, including uncontrolled diabetes
mellitus.
ii. Addison’s disease.

iii. Chronic kidney disease requiring renal replacement
therapy.
iv. Uncontrolled diabetes mellitus with HbA1c >7%.
v. Hypertension treated with angiotensin-converting en-
zyme inhibitors, angiotensin receptor blockers, beta-
blockers, loop diuretics, thiazide diuretics, or potassium-
sparing diuretics.

vi. Co-infection with other enteropathogens, such as
Shigella or Salmonella.

vii. Pre-hospital intravenous fluid resuscitation or potas-
sium supplementation.

viii. Current diuretic therapy, including loop diuretics, thi-
azide diuretics, or potassium-sparing diuretics.

ix. Pregnancy.
Statistical analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Ar-
monk, NY, USA). Continuous variables, including age and
serum electrolyte concentrations, were summarized as means
and standard errors (SE). The 95% confidence intervals (CI)
were calculated for the primary electrolyte markers. Categor-
ical variables, including sex, comorbidities, diarrhea severity,
vomiting status, hypokalemia severity, acute kidney injury
(AKI) stage, hemodialysis requirement, and mortality, were
summarized as frequencies and percentages.
Normality of continuous variables was assessed using the
Shapiro–Wilk test, and homogeneity of variances was as-
sessed using Levene’s test. For continuous variables that
met the assumptions of normality and homogeneity, com-
parisons among the three hypokalemia severity groups were
performed using one-way analysis of variance (ANOVA). Cat-
egorical variables were compared using Pearson’s chi-square
test, and the Fisher–Freeman–Halton exact test was used
when expected cell counts were less than 5. A P value <0.05
was considered statistically significant, and a P value <0.01

was considered highly significant.
Because the study was observational, all statistical findings
were interpreted as associations or group differences rather
than causal effects.

RESULTS

Baseline demographic and clinical characteristics

A total of 166 patients with cholera were included in the study.
The mean age was 49.40 years. Sixty-seven patients (40.4%)
were female and 99 (59.6%) were male. Among the total co-
hort, 154 patients (92.8%) had hypokalemia and 12 (7.2%) had
normal serum potassium levels. Among the 154 hypokalemic
patients, diarrhea was mild in 61 (39.6%), moderate in 65
(42.2%), and severe in 28 (18.2%). Hypokalemia was mild in
50 patients (32.5%), moderate in 34 (22.1%), and severe in
70 (45.5%). Regarding associated comorbidities among hy-
pokalemic patients, 58 (37.7%) had hypertension, 28 (18.2%)
had diabetes mellitus, 11 (7.1%) had chronic kidney disease
(CKD), and 26 (16.9%) had kidney stones, as shown in Table 1.

Table 1. Baseline demographic and clinical characteristics
Characteristic Value

Overall cohort (n = 166)
Mean age (years) 49.40
Female sex 67 (40.4%)
Male sex 99 (59.6%)
Hypokalemia 154 (92.8%)
Normal serum potassium 12 (7.2%)
Hypokalemic patients (n = 154)
Mild diarrhea 61 (39.6%)
Moderate diarrhea 65 (42.2%)
Severe diarrhea 28 (18.2%)
Mild hypokalemia 50 (32.5%)
Moderate hypokalemia 34 (22.1%)
Severe hypokalemia 70 (45.5%)
Hypertension 58 (37.7%)
Diabetes mellitus 28 (18.2%)
Chronic kidney disease 11 (7.1%)
Kidney stones 26 (16.9%)
Hypertensive hypokalemic patients (n = 58)
No antihypertensive treatment 38 (65.5%)
Calcium-channel blocker 20 (34.5%)

Values are presented as n (%) unless otherwise stated. Percentages were calculated usingthe denominator shown in each subsection heading. The 12 normokalemic patients werenot included in hypokalemia-specific diarrhea or comorbidity analyses.
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Table 2. Clinical features and comorbidities by hypokalemia severity among hypokalemic patients
Variable Total Mild Moderate Severe P value

(n = 50) (n = 34) (n = 70)

Diarrhea severity
Mild diarrhea 61 24 (39.3%) 4 (6.6%) 33 (54.1%) 0.001
Moderate diarrhea 65 19 (29.2%) 16 (24.6%) 30 (46.2%)
Severe diarrhea 28 7 (25.0%) 14 (50.0%) 7 (25.0%)
Vomiting status
Vomiting 92 13 (14.1%) 21 (22.8%) 58 (63.0%) 0.001
No vomiting 62 37 (59.7%) 13 (21.0%) 12 (19.4%)
Comorbidities
Hypertension 58 16 (27.6%) 17 (29.3%) 25 (43.1%) 0.223
Diabetes mellitus 28 5 (17.9%) 6 (21.4%) 17 (60.7%) 0.135
Chronic kidney disease 11 4 (36.4%) 4 (36.4%) 3 (27.3%) 0.366
Kidney stones 26 9 (34.6%) 11 (42.3%) 6 (23.1%) 0.010

Values are presented as n (% within row). Only hypokalemic patients were included in this analysis (n = 154). Pearson’s chi-square test was used; theFisher–Freeman–Halton exact test was used when expected cell counts were less than 5.

Clinical features and comorbidities according to hy-
pokalemia severity

The distribution of diarrhea severity differed significantly
across hypokalemia severity groups (P = 0.001). Among pa-
tients with mild diarrhea, 24 (39.3%) had mild hypokalemia,
4 (6.6%) had moderate hypokalemia, and 33 (54.1%) had se-
vere hypokalemia. Among patients with moderate diarrhea,
19 (29.2%) had mild hypokalemia, 16 (24.6%) had moder-
ate hypokalemia, and 30 (46.2%) had severe hypokalemia.
Among patients with severe diarrhea, 7 (25.0%) had mild
hypokalemia, 14 (50.0%) had moderate hypokalemia, and 7
(25.0%) had severe hypokalemia, as shown in Table 2.
Vomiting status was also significantly associated with hy-
pokalemia severity (P = 0.001). Among the 92 hypokalemic
patients with vomiting, 13 (14.1%) had mild hypokalemia, 21
(22.8%) had moderate hypokalemia, and 58 (63.0%) had se-
vere hypokalemia. In contrast, among the 62 hypokalemic
patients without vomiting, 37 (59.7%) had mild hypokalemia,
13 (21.0%) had moderate hypokalemia, and 12 (19.4%) had
severe hypokalemia.
Regarding comorbidities, severe hypokalemia was observed
in 43.1% of hypertensive patients and 60.7% of diabetic pa-
tients. Among patients with CKD, mild and moderate hy-
pokalemia were each observed in 36.4%. Among patients with
kidney stones, moderate hypokalemia was observed in 42.3%.
Kidney stones were significantly associated with hypokalemia
severity (P = 0.010), whereas hypertension, diabetes mellitus,
and CKD were not significantly associated with hypokalemia
severity, as shown in Table 2.

Serum chloride and sodium levels according to hy-
pokalemia severity

Serum chloride and sodium levels differed significantly across
hypokalemia severity groups (P < 0.001 for both). Mean
serum chloride was lowest in the severe hypokalemia group
(90.13 ± 0.21 mmol/L; 95% CI: 89.72–90.54), followed by
the moderate group (93.24 ± 0.16 mmol/L; 95% CI: 92.93–
93.55), and the mild group (106.28 ± 0.18 mmol/L; 95% CI:
105.93–106.63). Mean serum sodium was also lowest in the
severe hypokalemia group (126.72 ± 0.38 mmol/L; 95% CI:
125.98–127.46), followed by the moderate group (130.19 ±
0.09 mmol/L; 95% CI: 130.01–130.37), and the mild group
(134.96 ± 0.10 mmol/L; 95% CI: 134.76–135.16), as shown in
Table 3.
Acute kidney injury, hemodialysis, and mortality

During the study period, 21 patients (12.7%) developed acute
kidney injury (AKI). Among these patients, 4 (19.0%) had
KDIGO stage 1 AKI, 6 (28.6%) had KDIGO stage 2 AKI, and 11
(52.4%) had KDIGO stage 3 AKI. Eleven patients (6.6% of the
total cohort and 52.4% of AKI patients) required hemodialy-
sis; all were classified as KDIGO stage 3. Six deaths occurred
(3.6% of the total cohort and 28.6% of AKI patients), and all oc-
curred among patients with KDIGO stage 3 AKI who required
hemodialysis. Four deaths were cholera-related because of se-
vere hypovolemia, electrolyte disturbance, and AKI, whereas
two deaths were attributed to unrelated respiratory illness
and an incidental brain mass, as shown in Table 4.
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Table 3. Serum chloride and sodium levels by hypokalemia severity
Marker Mild hypokalemia Moderate hypokalemia Severe hypokalemia P value

(n = 50) (n = 34) (n = 70)

Serum chloride (mmol/L) 106.28 ± 0.18c 93.24 ± 0.16b 90.13 ± 0.21a <0.001
95% CI 105.93–106.63 92.93–93.55 89.72–90.54
Serum sodium (mmol/L) 134.96 ± 0.10b 130.19 ± 0.09ab 126.72 ± 0.38a <0.001
95% CI 134.76–135.16 130.01–130.37 125.98–127.46

Values are presented as mean ± standard error (SE), followed by 95% confidence intervals (CI). Analysis included hypokalemic patients only (n = 154).One-way analysis of variance was used. Different superscript letters denote significant between-group differences; shared letters denote no significantdifference.
Table 4. Acute kidney injury, hemodialysis requirement, and mortality

Outcome Overall cohort Among AKI patients
(n = 166) (n = 21)

No AKI 145 (87.3%) —
Any AKI 21 (12.7%) 21 (100.0%)
KDIGO stage 1 4 (2.4%) 4 (19.0%)
KDIGO stage 2 6 (3.6%) 6 (28.6%)
KDIGO stage 3 11 (6.6%) 11 (52.4%)
Required hemodialysis 11 (6.6%) 11 (52.4%)
Deaths 6 (3.6%) 6 (28.6%)

All patients requiring hemodialysis were classified as KDIGO stage 3. All deaths occurred among patients with KDIGO stage 3 AKI who requiredhemodialysis.AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes.

DISCUSSION

The present study evaluated electrolyte disturbances, hy-
pokalemia patterns, and renal complications among hospi-
talized patients with cholera. The main findings were that
hypokalemia was highly prevalent, severe hypokalemia rep-
resented the largest category among hypokalemic patients,
serum sodium and chloride levels decreased with increasing
hypokalemia severity, and both diarrhea severity and vom-
iting status were significantly associated with hypokalemia
severity. Acute kidney injury (AKI) occurred in 12.7% of pa-
tients, and all deaths occurred among patients with KDIGO
stage 3 AKI who required hemodialysis.
Cholera remains an important public health problem, particu-
larly in settings affected by inadequate sanitation, overcrowd-
ing, population displacement, conflict, and limited healthcare
resources. Although cholera may cause severe dehydration
and life-threatening illness, its clinical presentation can vary
widely, and some patients may present with symptoms resem-
bling acute gastroenteritis [12]. In the present study, the mean
age was 49.40 years, and males represented 59.6% of the co-
hort. This male predominance may reflect local exposure
patterns, occupational factors, social contact, or healthcare-
seeking behavior; however, these factors were not directly
measured in this study. These findings differ from a study con-
ducted in Sana’a, Yemen, where the mean age of cholera pa-
tients was lower, and females represented a larger proportion
of cases [13]. Such differences may be explained by variation

in outbreak setting, population structure, exposure sources,
and case ascertainment.
In the present cohort, most hypokalemic patients had mild or
moderate diarrhea, whereas severe diarrhea was recorded in
a smaller proportion. This does not contradict the recognized
severity of cholera, because different studies may capture
different clinical spectra. For example, a retrospective report
from Mayotte, France, described cholera patients treated in
intensive care for hypovolemia, representing a more severe
subgroup than the broader hospital-based cohort included in
the present study [14]. Therefore, the distribution of diarrhea
severity in the current study should be interpreted in relation
to the study setting and inclusion criteria.
Comorbidities may influence the clinical course of cholera
and may modify the risk or severity of electrolyte distur-
bances. In the present study, hypertension and diabetes mel-
litus were common among hypokalemic patients, and severe
hypokalemia was the largest category among patients with
these comorbidities. These findings are broadly consistent
with a Syrian conflict-related cholera cohort, in which di-
abetes and hypertension were reported among cholera pa-
tients and were associated with longer hospital stay [15]. Sim-
ilarly, cohort data from the Syrian cholera outbreak highlight
the clinical relevance of comorbidities and disease severity
among patients with acute watery diarrhea during outbreak
settings [16]. Electrolyte abnormalities are also commonly
reported among diabetic patients in hospital settings, and
diarrheal illness may further aggravate disturbances in potas-
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sium, sodium, and fluid balance [17]. Nevertheless, because
the present study was observational and subgroup sizes were
limited, it cannot be determined whether diabetes or hyper-
tension independently caused more severe hypokalemia.
Patients with chronic kidney disease (CKD) represented a
small but clinically important subgroup. Reduced renal re-
serve may impair the ability to compensate for rapid gastroin-
testinal fluid and electrolyte losses during cholera. Although
hypokalemia is a recognized complication of cholera, data
specifically addressing cholera-related hypokalemia among
patients with pre-existing CKD remain limited. The present
study also found a significant association between kidney
stones and hypokalemia severity. This finding should be in-
terpreted cautiously. Kidney stone disease may reflect under-
lying metabolic abnormalities, altered urinary chemistry, or
tubular dysfunction in some patients; however, the present
study did not measure urinary citrate, urinary electrolytes,
acid-base status, or renal tubular function. Therefore, this
association should be considered hypothesis-generating and
requires further investigation [18].
Serum sodium and chloride levels decreased significantly
with increasing hypokalemia severity. Patients with severe
hypokalemia had the lowest mean chloride level and the low-
est mean sodium level. These findings are compatible with
the pathophysiology of secretory diarrhea, in which large gas-
trointestinal losses of water and electrolytes may exceed renal
and colonic compensatory capacity. Similar mechanisms have
been discussed in relation to dysnatremia in gastrointestinal
disorders, where diarrhea and other gastrointestinal losses
may contribute to sodium disturbances [19]. However, fecal
electrolyte losses, renal transporter activity, and acid-base
parameters were not directly assessed in the present study.
Therefore, the observed pattern should be interpreted as an
association between biochemical abnormalities rather than
direct proof of a specific mechanism.
Both diarrhea severity and vomiting status were significantly
associated with hypokalemia severity. This finding is clini-
cally plausible because cholera-related diarrhea can produce
substantial potassium and bicarbonate losses, while vomit-
ing may contribute to chloride depletion, volume contraction,
and worsening electrolyte imbalance. Emergency department
data from patients with vomiting and diarrhea also suggest
that different gastrointestinal symptoms may be associated
with different electrolyte patterns [20]. In the present cholera
cohort, vomiting was more frequent among patients with se-
vere hypokalemia, supporting the need for early electrolyte
assessment in patients with high-output diarrhea or vomit-
ing.
The association between diarrhea frequency and hypokalemia
severity is consistent with the expected physiology of cholera,
where ongoing fluid loss may lead to progressive depletion of
potassium and other electrolytes. Pediatric studies of dehy-

drating diarrhea have also reported electrolyte disturbances,
including hyponatremia and hypokalemia, in patients with
acute diarrheal illness [21]. Similarly, hypokalemia has been
reported among children with acute watery diarrhea, espe-
cially in those with frequent stool passage or vomiting [22].
Although these pediatric findings cannot be directly general-
ized to the adult population in the present study, they support
the broader clinical importance of monitoring potassium and
other electrolytes during acute diarrheal illness.
The incidence of AKI in the present study was 12.7%, and 6.6%
of the total cohort required hemodialysis. This indicates a clin-
ically important burden of renal complications among hos-
pitalized cholera patients. In outbreak and resource-limited
settings, delayed presentation, prolonged dehydration, and
limited access to early rehydration may contribute to the de-
velopment of AKI. The World Health Organization has con-
tinued to report multi-country cholera outbreaks, highlight-
ing the ongoing burden of severe cholera and the challenges
faced by affected healthcare systems [23]. Previous studies
of cholera-related AKI have emphasized dehydration, hypov-
olemia, metabolic acidosis, and severe electrolyte abnormal-
ities as important contributors to renal injury and adverse
outcomes [5]. In the present study, all patients requiring
hemodialysis had KDIGO stage 3 AKI, and all deaths occurred
in this subgroup.
The observed mortality rate was 3.6%, with four deaths di-
rectly related to cholera complications and two deaths at-
tributed to unrelated conditions. This mortality rate is higher
than the commonly targeted case-fatality threshold of less
than 1% for appropriately managed cholera outbreaks [23].
However, direct comparison should be cautious because the
present study was hospital-based and may have included a
higher proportion of severe cases. The concentration of deaths
among patients with dialysis-requiring AKI suggests that
renal complications and severe electrolyte disturbance are
important markers of poor outcome in hospitalized cholera
patients.
This study has several strengths. It was prospective, multi-
center, and focused on clinically relevant electrolyte and renal
outcomes in cholera patients from Kirkuk. It also assessed
hypokalemia severity in relation to diarrhea severity, vom-
iting, comorbidities, sodium and chloride levels, AKI stage,
hemodialysis requirement, and mortality. These features pro-
vide useful local data on the clinical and biochemical profile
of cholera during hospitalization.
Several limitations should also be acknowledged. The
hospital-based design may introduce selection bias, because
milder cholera cases managed outside hospital settings were
not included. Comorbidities were assessed partly through
clinical history and structured questionnaire data, which may
be affected by recall or reporting bias. Baseline renal function
was not available for all patients, making it difficult in some
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cases to distinguish AKI from previously unrecognized CKD.
The sample size was relatively small for some subgroup anal-
yses, particularly CKD and kidney stones, which limits the
precision of these estimates. Finally, fecal electrolyte losses,
acid–base parameters, renal tubular markers, and detailed
timing of fluid therapy were not fully assessed, limiting mech-
anistic interpretation.

CONCLUSION

Cholera was associated with clinically important diarrhea and
marked electrolyte imbalance, particularly hypokalemia. Hy-
pokalemia severity was significantly associated with diarrhea
severity and vomiting status, and severe hypokalemia was
accompanied by lower serum sodium and chloride levels. Co-
morbid conditions, including hypertension, diabetes melli-
tus, chronic kidney disease, and kidney stones, may influence
potassium disturbances in cholera patients. Acute kidney in-
jury occurred in 12.7% of patients, and mortality was concen-
trated among those with KDIGO stage 3 acute kidney injury
requiring hemodialysis. These findings support early elec-
trolyte assessment, renal monitoring, and prompt correction
of fluid and electrolyte abnormalities in hospitalized cholera
patients.

ETHICAL DECLARATIONS

• Ethics Approval and Consent to Participate

This study was conducted in accordance with the ethi-
cal principles for human research. Ethical approval was
obtained from the Ethics Committee of the College of
Medicine, University of Kirkuk, Iraq (Approval No. 43,
dated 31 May 2021). Written informed consent was ob-
tained from all participants.

• Consent for Publication

Not applicable.
• Availability of Data and Material

The datasets generated and analyzed during the current
study are available from the corresponding author upon
reasonable request.

• Competing Interests

The authors declare that they have no competing interests.
• Funding

This study was self-funded.

• Use of Generative Artificial Intelligence

The authors declare that ChatGPT, a generative AI tool
developed by OpenAI, was used solely to enhance clarity
and grammatical accuracy during the final editing phase.
It was not used for content generation, data analysis, or
interpretation.

• Authors’ Contributions

All authors contributed equally to the study conception and
design. All authors reviewed the manuscript and approved
the final manuscript.

REFERENCES

[1] Ahmed AK, Sijercic VC, Akhtar MS, Elbayomy A, Marouf
MA, Zeleke MS, et al., Cholera rages in Africa and the
Middle East: A narrative review on challenges and so-
lutions. Health Science Reports 2024;7(5):e2013. https:

//doi.org/10.1002/hsr2.2013

[2] Ali M, Nelson AR, Lopez AL, Sack DA, Updated global
burden of cholera in endemic countries. PLOSNeglected
Tropical Diseases 2015;9(6):e0003832. https://doi.org/

10.1371/journal.pntd.0003832

[3] Qasem A, Rabbani SA, Acute kidney injury associated
with cholera. Cureus 2023;15(1). https://doi.org/10.

7759/cureus.34101

[4] Bekele BK, Uwishema O, Bisetegn LD, Moubarak A,
Charline M, Sibomana P, et al., Cholera in Africa: a
climate change crisis. Journal of epidemiology and
global health 2025;15(1):68. https://doi.org/10.1007/

s44197-025-00386-x

[5] Vakrani GP, Nambakam T, Retrospective study on acute
kidney injury among cholera patients in an outbreak in
Whitefield, Bengaluru. International journal of nephrol-
ogy 2021;2021(1):6682838. https://doi.org/10.1155/

2021/6682838

[6] Abbas AF, Al-Khazraji KA, Al-Sodani MH, Vibriosis-
associated acute kidney injury: Incidence and out-
come. European Journal of Clinical Microbiology & In-
fectiousDiseases 2026;p. 1–9. https://doi.org/10.1007/

s10096-026-05441-4

[7] Ilic I, Ilic M, Global patterns of trends in cholera mortal-
ity. TropicalMedicineandInfectiousDisease2023;8(3):169.
https://doi.org/10.3390/tropicalmed8030169

[8] Mboringong AB, Ngomtcho SCH, Ndip Ndip R, Linda
EE, Bertand DL, Patricia M, et al., Trends of cholera epi-
demics and associated mortality factors in Cameroon:

https://doi.org/10.1002/hsr2.2013
https://doi.org/10.1002/hsr2.2013
https://doi.org/10.1371/journal.pntd.0003832
https://doi.org/10.1371/journal.pntd.0003832
https://doi.org/10.7759/cureus.34101
https://doi.org/10.7759/cureus.34101
https://doi.org/10.1007/s44197-025-00386-x
https://doi.org/10.1007/s44197-025-00386-x
https://doi.org/10.1155/2021/6682838
https://doi.org/10.1155/2021/6682838
https://doi.org/10.1007/s10096-026-05441-4
https://doi.org/10.1007/s10096-026-05441-4
https://doi.org/10.3390/tropicalmed8030169


Hypokalemia in Cholera Patients | 71

2018–2023: a cross-sectional study. BMC Pub-
lic Health 2025;25(1):1816. https://doi.org/10.1186/

s12889-025-23007-5

[9] Frenkel A, Hassan L, Segal A, Israeli A, Binyamin Y,
Zlotnik A, et al., Estimation of potassium changes
following potassium supplements in hypokalemic
critically ill adult patients–A patient personalized
practical treatment formula. Journal of Clinical
Medicine 2021;10(9):1986. https://doi.org/10.3390/

jcm10091986

[10] Khwaja A, KDIGO clinical practice guidelines for
acute kidney injury. Nephron Clinical Practice
2012;120(4):c179–c184. https://doi.org/10.1159/

000339789

[11] Levine AC, Gainey M, Qu K, Nasrin S, Sharif MBE,
Noor SS, et al., A comparison of the NIRUDAK mod-
els and WHO algorithm for dehydration assessment
in older children and adults with acute diarrhoea: a
prospective, observational study. The Lancet Global
Health 2023;11(11):e1725–e1733. https://doi.org/10.

1016/S2214-109X(23)00403-5

[12] A K A, Myageri G, Murthy PR, Gupta VKV, Eashwernath
R, Lakshmi MB, et al., Cholera in Modern Times: Experi-
ence From a Tertiary Care Centre in South India. Cureus
2025;17(12):e100023. https://doi.org/10.7759/cureus.

100023

[13] Al-Mohanadi EMA, Moharem ASS, Al-Moyed KAA, Al-
Shamahy HA, Al-Haidari SA, Al-Hadad AM, Cholera in
Sana’a, Yemen: Clinical features, risk factors and an-
tibiotic sensitivity of Vibrio cholerae. Universal Journal
of Pharmaceutical Research 2022;7(3):1–7. https://doi.

org/10.22270/ujpr.v7i3.772

[14] Boué Y, Niang M, Lapostolle A, Chamouine A, Benoit Cat-
tin T, Favre M, et al., Cholera outbreak in May-
otte (France): A retrospective description of 16 pa-
tients treated for hypovolemia in the ICU. Infectious
Diseases Now 2025;55(1):105020. https://doi.org/10.

1016/j.idnow.2024.105020

[15] Antoun I, Alkhayer A, Kotb A, Barker J, Alkhayer A, Mah-
foud Y, et al., The prevalence and prognostic value of di-
abetes and hypertension in patients treated for cholera

during the ongoing Syrian conflict. Clinical Infection
in Practice 2024;23:100362. https://doi.org/10.1016/j.

clinpr.2024.100362

[16] Arnaout AY, Nerabani Y, Sawas MN, Alhejazi TJ, Farho
MA, Arnaout K, et al., Acute watery diarrhoea cases
during cholera outbreak in Syria: a cohort study. BMJOpen 2024;14(5):e082385. https://doi.org/10.1136/

bmjopen-2023-082385

[17] Antony S, A Study of Electrolyte Imbalance in Diabetic
Patients at a Tertiary Care Hospital in Kerala. Interna-
tional Journal of ContemporaryMedicine 2019;7(1):32–34.
https://doi.org/10.5958/2321-1032.2019.00006.8

[18] Shastri S, Patel J, Sambandam KK, Lederer ED, Kidney
Stone Pathophysiology, Evaluation and Management:
Core Curriculum 2023. American Journal of Kidney Dis-
eases 2023;82(5):617–634. https://doi.org/10.1053/j.

ajkd.2023.03.017

[19] Do C, Evans GJ, DeAguero J, Escobar GP, Lin HC, Wagner
B, Dysnatremia in Gastrointestinal Disorders. Frontiers
inMedicine 2022;9:892265. https://doi.org/10.3389/

fmed.2022.892265

[20] Khan MA, Abidin SZU, Iftikhar K, Aziz K, Zubair M,
Shoaib Z, Electrolyte Imbalance Patterns in Patients
with Vomiting and Diarrhea in the Emergency Depart-
ment. JournalofHealth,WellnessandCommunityResearch
2025;3(11):e678. https://doi.org/10.61919/gjzzk227

[21] Ali H, Rizwan M, Ahmad S, Niaz F, Ilyas M, Usama M,
Assessment of Serum Electrolyte Imbalance in Dehy-
drated Children with Acute Diarrhea. Medical and Phar-
maceutical Journal 2025;4(3):166–173. https://doi.org/

10.55940/medphar2025144

[22] Ahmad T, Ahmad K, Khan I, Iqbal A, Tirimzi SSA,
Shah SJ, Frequency of Hypokalemia in Children with
Acute Watery Diarrhea. Pakistan Journal of Health
Sciences 2025;06(9):87–93. https://doi.org/10.54393/

pjhs.v6i9.3469

[23] World Health Organization. Multi-country outbreak of
cholera: external situation report no. 22. Geneva: World
Health Organization; 2025.

https://doi.org/10.1186/s12889-025-23007-5
https://doi.org/10.1186/s12889-025-23007-5
https://doi.org/10.3390/jcm10091986
https://doi.org/10.3390/jcm10091986
https://doi.org/10.1159/000339789
https://doi.org/10.1159/000339789
https://doi.org/10.1016/S2214-109X(23)00403-5
https://doi.org/10.1016/S2214-109X(23)00403-5
https://doi.org/10.7759/cureus.100023
https://doi.org/10.7759/cureus.100023
https://doi.org/10.22270/ujpr.v7i3.772
https://doi.org/10.22270/ujpr.v7i3.772
https://doi.org/10.1016/j.idnow.2024.105020
https://doi.org/10.1016/j.idnow.2024.105020
https://doi.org/10.1016/j.clinpr.2024.100362
https://doi.org/10.1016/j.clinpr.2024.100362
https://doi.org/10.1136/bmjopen-2023-082385
https://doi.org/10.1136/bmjopen-2023-082385
https://doi.org/10.5958/2321-1032.2019.00006.8
https://doi.org/10.1053/j.ajkd.2023.03.017
https://doi.org/10.1053/j.ajkd.2023.03.017
https://doi.org/10.3389/fmed.2022.892265
https://doi.org/10.3389/fmed.2022.892265
https://doi.org/10.61919/gjzzk227
https://doi.org/10.55940/medphar2025144
https://doi.org/10.55940/medphar2025144
https://doi.org/10.54393/pjhs.v6i9.3469
https://doi.org/10.54393/pjhs.v6i9.3469

	Received: 26 January 2026
	Accepted: 10 May 2026
	First published online: 22 May 2026
	=INTRODUCTION
	=MATERIALS AND METHODS
	Study design, setting, and participants
	Microbiological diagnosis of Vibrio cholerae
	Clinical assessment and definitions
	Laboratory measurements
	Inclusion criteria
	Exclusion criteria
	Statistical analysis

	=RESULTS
	Baseline demographic and clinical characteristics
	Clinical features and comorbidities according to hypokalemia severity
	Serum chloride and sodium levels according to hypokalemia severity
	Acute kidney injury, hemodialysis, and mortality

	=DISCUSSION
	=CONCLUSION
	=ETHICAL DECLARATIONS
	Ethics Approval and Consent to Participate
	Consent for Publication
	Availability of Data and Material
	Competing Interests
	Funding
	Use of Generative Artificial Intelligence
	Authors' Contributions


