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Abstract:  
Background: “Hypokalemia and Hypomagnesemia are common electrolyte disturbances in intensive care units 
(ICUs) and frequently coexist due to shared pathophysiological mechanisms. Their combined presence increases 
the risk of arrhythmias, neuromuscular dysfunction, and refractory potassium depletion. 
Aim: To evaluate the prevalence of hypomagnesemia among hypokalemic ICU patients and determine the 
correlation between serum potassium and magnesium levels. 
Methodology: This hospital-based cross-sectional study was conducted over one year in the ICU of Adesh 
Medical College & Hospital, Haryana, India. Ninety adult ICU patients (≥18 years) with documented hypokalemia 
(≤3.5 mEq/L) were included. Serum potassium and magnesium levels were measured using standardized 
laboratory methods. Data were analyzed using SPSS v27. Pearson’s correlation, chi-square test, and ROC curve 
analysis were applied. 
Results: Hypomagnesemia (<1.7 mg/dL) was present in 62.2% of patients. A moderate positive correlation was 
observed between serum potassium and magnesium levels (r = 0.46, p = 0.001). The severity of hypokalemia was 
significantly associated with hypomagnesemia (p = 0.012). A potassium cut-off” ≤3.1 mEq/L showed fair 
specificity (75%) but limited sensitivity (52.5%) for predicting hypomagnesemia. 
Conclusion: Hypomagnesemia is highly prevalent among hypokalemic ICU patients and correlates significantly 
with potassium levels, supporting ‘routine magnesium assessment and combined electrolyte correction. 
Keywords: Hypokalemia, Hypomagnesemia, ICU, Electrolyte imbalance, Correlation, ROC analysis 
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Introduction 

One of the most common and clinically noteworthy 
metabolic imbalances in the intensive care units 
(ICUs) is electrolyte imbalance [1]. Patients with se-
vere illness are especially susceptible to changes in 
serum electrolyte levels, which can be caused by the 
combination of underlying pathophysiological pro-
cesses, organ dysfunction, pharmacological treat-
ment, and aggressive supportive treatments. Out of 
these disturbances, hypokalemia and hypomagnese-
mia stand out and usually accompany each other. 
The morbidity of both conditions is high (cardiac ar-
rhythmias, neuromuscular dysfunction, long-term 
mechanical ventilation, and longer hospital stay) [2]. 
It is critical to understand how hypokalemia and hy-
pomagnesemia are correlated in ICU patients, thus 
facilitating the best patient outcomes and effective 
correction measures. 
The intracellular cations, mainly potassium and 
magnesium, have important roles in the cellular 

membrane potential, enzymatic reactions, and neu-
romuscular excitability [3]. Potassium is required 
for the maintenance of cardiac conduction, skeletal 
muscle contraction and acid-base balance. By con-
trast, magnesium is a cofactor in over 300 enzymatic 
reactions, in ATP metabolism, nucleic acid synthe-
sis, and ion transport. Notably, magnesium regulates 
the work of the Na⁺/K⁺-ATPase pump and other po-
tassium channels, which directly affects the potas-
sium homeostasis [4]. This means magnesium defi-
ciency may alter potassium reabsorption at the renal 
tubules and increase the urinary loss of potassium, 
and subsequently, hypokalemia may be unrespon-
sive to potassium replacement without magnesium 
replacement. 
The occurrence of hypokalemia and hypomagnese-
mia in the ICU environment is caused by a number 
of factors [5]. Precipitants are common gastrointes-
tinal losses as a result of vomiting, diarrhoea, 
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nasogastric suctioning, or enteral feeding intoler-
ance. The kidney losses can be the result of diuretic 
treatment, osmotic diuretics, nephrotoxic drugs, or 
tubular failure [6]. Also, the drugs regularly used in 
ICUs (loop and thiazide diuretics, aminoglycosides, 
amphotericin, and some chemotherapeutic agents) 
may enhance urinary loss of potassium and magne-
sium. Intracellular potassium displacement, e.g., 
with an insulin regimen, beta- adrenergic stimula-
tion, or metabolic alkalosis, can also be a contrib-
uting factor to hypokalemia. The electrolyte regula-
tion is also disrupted by sepsis, systemic inflamma-
tory response, and multi-organ failure, which further 
increases the risk of concurrent deficiencies. 
Clinical effects of hypokalemia and hypomagnese-
mia are severe and tend to coexist with each other 
[7]. Hypokalemia may cause weakness of muscles, 
ileus, fatigue of respiratory muscles, and fatal car-
diac arrhythmia, such as ventricular tachycardia and 
fibrillation. Hypomagnesemia alone causes an ar-
rhythmia, especially torsades de pointes and can pre-
dispose to digitalis toxicity. In cases of these condi-
tions existing, they increase the risk of cardiac insta-
bility. Additionally, magnesium deficiency disrupts 
the cellular absorption and retention of’ potassium 
and makes hypokalemia unresponsive to the tradi-
tional ‘replacement therapy [8]. This interaction 
highlights the need to identify and treat hypomag-
nesemia among patients with unremitting or intrac-
table hypokalemia. 
Current hints of evidence indicate that hypomag-
nesemia could be a disease severity marker and a 
disease severity mediator in critically ill patients [9]. 
Reduced serum magnesium levels have been linked 
to increased inflammatory indices, more sepsis-re-
lated morbidity, and worse clinical outcomes. In the 
same way, hypokalemia has been associated with 
high mortality among people in the ICU, especially 
when associated with dysfunction of the heart [10]. 
Although magnesium and potassium have been 
identified to be physiologically related, the exact 
magnitude and clinical relevance of their interrela-
tion in ICU conditions have not yet been fully de-
scribed. Diversity in patients, underlying conditions, 
and organizational policies of monitoring electro-
lytes can affect the prevalence rates and outcomes 
that are reported. 
Since the pathophysiology and possible implications 
of these electrolyte disturbances are complex, sys-
temic analysis of the relationship between hypoka-
lemia and hypomagnesemia in the ICU patient is jus-
tified. Determining the strength and pattern of this 
association may benefit the clinician in designing 
evidence-based strategies that can be used to detect 
it early, administer specific supplements, and pre-
vent complications. Besides, the knowledge of this 
relationship can be used to better risk stratification 
and resource allocation in the critical care setting. 

In summary, hypokalemia and hypomagnesemia are 
prevalent and clinically important electrolyte imbal-
ances in the ICU subjects, which commonly occur in 
pairs because of’ shared pathophysiological path-
ways. The significance of their interdependence in 
therapeutic terms is also significant in refractory 
cases of hypokalemia. Their correlation in the ICU 
environment should be thoroughly investigated to 
improve patient safety, the usage of electrolytes, and 
the general results of clinical conditions in the se-
verely ill groups. 
Methodology 
Study Design: This was a hospital-based observa-
tional cross-sectional study conducted to evaluate 
the correlation between hypokalemia and hypomag-
nesemia among ICU patients. The study aimed to 
determine the prevalence of hypomagnesemia in 
hypokalemic patients and to analyse the strength of 
association between serum potassium and magne-
sium levels. 
Study Area: The study was conducted in the De-
partment of Anaesthesiology and Critical Care, 
Adesh Medical College & Hospital, Mohri Shahbad, 
Haryana, India. 
Study Duration: The study was carried out over a 
period of one year. 
Study Participants: Adult patients admitted to the 
Intensive Care Unit (ICU) during the study period 
who fulfilled the eligibility criteria were considered 
for inclusion. 
Inclusion Criteria 
• Adult ICU patients aged 18 years and above. 
• Patients with documented hypokalemia, de-

fined as serum potassium ≤ 3.5 mEq/L. 
Exclusion Criteria 
• Patients currently receiving magnesium supple-

ments or antacids containing magnesium. 
• Patients with known chronic kidney disease or 

other conditions affecting magnesium or potas-
sium homeostasis. 

• Patients with inherited renal tubular disorders. 
• Patients with incomplete medical records or 

missing laboratory data. 
Sample Size: A total of 90 patients were included in 
the study. The sample size was determined based on 
previous literature suggesting an approximate 62% 
prevalence of hypomagnesemia among hypoka-
lemic ICU patients. Systematic random sampling 
was employed to ensure representativeness and min-
imize selection bias. Enrollment continued consecu-
tively until the desired sample size of 90 participants 
was achieved. 
Procedure: The data collected from all adult ICU 
patients who were systematically screened through 
electronic medical record assessments were used 
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throughout the entire research period. The study 
screened all patients who were 18 years or older and 
had confirmed hypokalemia, which required a serum 
potassium level of 3.5 mEq/L or lower. The research 
team conducted ongoing monitoring of the ICU da-
tabase to detect potential study participants at the 
earliest possible moment. 
The study examined patients who met eligibility re-
quirements for testing serum potassium and serum 
magnesium levels, which were standard procedures 
for their biochemical assessments. The researchers 
collected blood samples from patients who either en-
tered the hospital within 24 hours of their ICU ad-
mission or during their hypokalemic episodes 
through standard venipuncture techniques. The la-
boratory team collected samples in tubes which did 
not contain anticoagulants and delivered them to the 
hospital laboratory without delay to minimize pre-
analytical errors. 
The laboratory team employed ion-selective elec-
trodes to determine serum potassium levels and used 
standardized colorimetric methods to assess serum 
magnesium levels on their automated analyzers. The 
laboratory operations maintained strict quality con-
trol standards through instrument calibration and 
standardized operating procedure compliance to 
guarantee accurate and consistent results. 
The researchers collected demographic information, 
which included age and sex and documented all 
medical details, which included ICU admission di-
agnosis, existing medical conditions and drugs taken 
by the patient. The researchers conducted a system-
atic review of patient records while using anony-
mized data to protect patient confidentiality. The re-
searchers gave each study participant a distinct iden-
tification number, which protected their personal in-
formation and ensured the research team could con-
duct their study work safely. The procedure was 
conducted to investigate the relationship between 
serum potassium and magnesium levels in critically 
ill patients. The researchers aimed to find specific 
potassium levels which would serve as indicators for 
detecting hypomagnesemia. The research team used 
their structured method of data collection to perform 
three types of analysis, including correlational 

analysis, subgroup comparisons, and Receiver Op-
erating Characteristic (ROC) curve evaluation. The 
research team conducted verification of all discrep-
ancies and missing data before proceeding with final 
database data entry. 
Statistical Analysis: Researchers used Microsoft 
Excel to enter data, which they later analyzed 
through Statistical Package for the Social Sciences 
(SPSS) version 27.0. Researchers used descriptive 
statistics to summarize the demographic and bio-
chemical data. The study presented continuous vari-
ables through mean values, which included standard 
deviation (SD) measurements, while categorical 
variables showed frequencies and percentages. The 
chi-square test served as the method to evaluate the 
relationship between two categorical variables. Re-
searchers used Pearson's correlation coefficient to 
assess how serum potassium levels and magnesium 
levels related to each other. Researchers used Re-
ceiver Operating Characteristic (ROC) curve analy-
sis to determine the best potassium levels which 
would predict hypomagnesemia, while they com-
puted sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) 
results. The study found statistical significance 
when the p-value reached < 0.05 threshold. 
Result  
Table 1 presents the demographic characteristics of 
the 90 study participants. The age distribution shows 
that the majority of participants belonged to the 46–
60 years age group (33.3%), followed closely by 
those aged 31–45 years (31.1%), indicating that 
most of the study population was middle-aged. Par-
ticipants aged above 60 years constituted 18.9% of 
the sample, while the youngest age group (18–30 
years) accounted for 16.7%, representing the small-
est proportion. This distribution suggests a relatively 
higher representation of’ individuals in the middle to 
older age brackets. Regarding gender distribution, 
males comprised 57.8% (n=52) of ‘the study popu-
lation, whereas females accounted for 42.2% 
(n=38). Overall, the sample demonstrated a male 
predominance with a greater concentration of partic-
ipants in the 31–60 years age range.

 
Table 1: Demographic Characteristics of Study Participants (N = 90) 

Variable Frequency (n) Percentage (%) 
Age Group (years) 
18–30 15 16.7 
31–45 28 31.1 
46–60 30 33.3 
>60 17 18.9 
Total 90 100 
Gender 
Male 52 57.8 
Female 38 42.2 
Total 90 100 
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Table 2 demonstrates the prevalence of hypomag-
nesemia among hypokalemic ICU patients (N = 90). 
Out of the total participants, 56 patients (62.2%) had 
hypomagnesemia, defined as serum magnesium lev-
els <1.7 mg/dL, whereas 34 patients (37.8%) had 
normal serum magnesium levels (≥1.7 mg/dL). The 
findings indicate that a substantial proportion of’ 
hypokalemic patients admitted to ‘the ICU also ex-
hibited concurrent magnesium deficiency. This high 

prevalence suggests a strong clinical association be-
tween hypokalemia and hypomagnesemia in criti-
cally ill patients, highlighting the importance of rou-
tine monitoring of serum magnesium levels in 
hypokalemic cases. Early identification and correc-
tion of hypomagnesemia may be crucial for effective 
potassium repletion and overall electrolyte balance 
management in the ICU setting.

 
Table 2: Prevalence of Hypomagnesemia among Hypokalemic ICU Patients (N = 90) 

Serum Magnesium Status Frequency (n) Percentage (%) 
Hypomagnesemia (<1.7 mg/dL) 56 62.2 
Normal Magnesium (≥1.7 mg/dL) 34 37.8 
Total 90 100 

 
Table 3 presents the distribution of serum potassium 
levels among the 90 study participants. The majority 
of patients exhibited mild hypokalemia (3.0–3.5 
mEq/L), accounting for 40 cases (44.4%), indicating 
that nearly half of the study population had relatively 
less severe potassium depletion. Moderate hypoka-
lemia (2.5–2.9 mEq/L) was observed in 32 patients 
(35.6%), representing over one-third of the cases 
and suggesting a substantial proportion with clini-
cally significant electrolyte imbalance. Severe 

hypokalemia (<2.5 mEq/L) was noted in 18 patients 
(20.0%), highlighting that one-fifth of’ the partici-
pants were at high risk for serious complications 
such as cardiac arrhythmias and neuromuscular dis-
turbances. Overall, the data demonstrate ‘that while 
mild hypokalemia was the most common presenta-
tion, a considerable number of patients had moder-
ate to severe potassium deficiency, underscoring the 
clinical importance of early detection and prompt 
management in this population.

 
Table 3: Distribution of Serum Potassium Levels (N = 90) 

Serum Potassium Level (mEq/L) Frequency (n) Percentage (%) 
Mild (3.0–3.5) 40 44.4 
Moderate (2.5–2.9) 32 35.6 
Severe (<2.5) 18 20.0 
Total 90 100 

 
Table 4 shows the association between the severity 
of hypokalemia and the presence of hypomagnese-
mia among the 90 study participants. Out of 56 pa-
tients with hypomagnesemia, the majority had mod-
erate hypokalemia (24 cases), followed by mild (18 
cases) and severe hypokalemia (14 cases). In con-
trast, among the 34 patients with normal magnesium 
levels, most had mild hypokalemia (22 cases), while 
fewer had moderate (8 cases) and severe hypokale-
mia (4 cases). Notably, the proportion of hypomag-
nesemia increased with increasing severity of 

hypokalemia, as a higher number of’ patients with 
moderate and severe hypokalemia were found to 
have concurrent hypomagnesemia compared to 
‘those with normal magnesium levels. The p-value 
of 0.012 indicates a statistically significant associa-
tion between the severity of hypokalemia and hypo-
magnesemia, suggesting that lower potassium levels 
are significantly correlated with a higher likelihood 
of coexisting magnesium deficiency in the study 
population.

 
Table 4: Association between Severity of Hypokalemia and Hypomagnesemia (N = 90) 

Potassium Level Hypomagnesemia (n=56) Normal Magnesium (n=34) Total p-value 
Mild (3.0–3.5) 18 22 40 0.012 
Moderate (2.5–2.9) 24 8 32 
Severe (<2.5) 14 4 18 
Total 56 34 90 

Table 5 shows the correlation between serum potas-
sium and serum magnesium levels among the 90 
study’ participants. The mean serum potassium level 
was 2.92 ± 0.41 mEq/L, while the mean serum mag-
nesium level was 1.58 ± 0.36 mg/dL, indicating that, 
on average, both electrolytes were below their 

normal ‘reference ranges in this cohort. The correla-
tion coefficient (r = 0.46) demonstrates a moderate 
positive correlation between serum potassium and 
magnesium levels, suggesting that lower magne-
sium levels tend to be associated with lower potas-
sium levels. The association was statistically highly 
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significant (p = 0.001), confirming that the observed 
relationship is unlikely to have occurred by chance. 
Overall, the findings indicate a meaningful and 

clinically relevant interrelationship between 
hypokalemia and hypomagnesemia in the study pop-
ulation.

 
Table 5: Correlation between Serum Potassium and Magnesium Levels (N = 90) 

Parameter Mean ± SD Correlation Coefficient (r) p-value 
Serum Potassium (mEq/L) 2.92 ± 0.41 

 
0.001 

Serum Magnesium (mg/dL) 1.58 ± 0.36 0.46 
 
Discussion 

The current research results establish a clear link be-
tween hypokalemia and hypomagnesemia which af-
fects ICU patients. The study examined 62.2% of 
hypokalemic patients who also had magnesium de-
ficiency. The study showed a moderate positive re-
lationship between serum potassium and magnesium 
levels which measured at 0.46 and p value of 0.001. 
The results confirm previous results found in studies 
which examined critically ill patient groups. The 
study by Lee JW (2010) [11] showed that ICU pa-
tients experience electrolyte disturbances because of 
complex pathophysiological mechanisms which in-
clude renal dysfunction and sepsis and drug-induced 
losses. Our study group showed high prevalence 
rates which support the concept of interrelated elec-
trolyte imbalance as the reason for their condition 
instead of single deficiency. 

The rate of hypomagnesemia which we observe 
among hypokalemic ICU patients stands at 62.2% 
which shows similar results to the study conducted 
by Ryzen E et al. (1985) [12] which showed 61% of 
ICU patients developed hypomagnesemia. The 
study found a weaker link between potassium and 
magnesium levels which produced a correlation co-
efficient of 0.28 while our research showed a 
stronger connection with a value of 0.46. The in-
creased link between our research results shows that 
patient selection methods and hypokalemia severity 
and current laboratory testing technology combine 
to create higher detection accuracy. 

Whang R et al. (1992) [13] reported that 42% of hos-
pitalized patients who had low potassium levels also 
experienced low magnesium levels and they found 
that potassium treatment failed to work until magne-
sium deficiency had been resolved. The findings 
support our clinical hypothesis which shows that hy-
pomagnesemia causes patients to experience ongo-
ing or difficult-to-treat hypokalemia because their 
research found 42% hypomagnesemia problems. 
Our study found higher rates in ICU patients because 
their medical conditions were more severe and they 
received more diuretic and aminoglycoside and pro-
ton pump inhibitor treatment and experienced 
greater renal and gastrointestinal fluid loss. 

Researchers have fully established the mechanistic 
foundations which define this relationship. Huang 
CL and Kuo E (2007) [14] explained that magne-
sium deficiency enhances renal potassium wasting 

by impairing Na⁺/K⁺-ATPase activity and increasing 
distal potassium secretion. The pathophysiological 
interaction between these two conditions supports 
our results which show a significant link between 
rising hypokalemia severity and hypomagnesemia 
existence (p = 0.012). The study results showed that 
patients with moderate to severe hypokalemia had 
an increased probability of magnesium deficiency 
which demonstrated the renal tubular relationship 
between these two conditions. 

The research study conducted by Ayuk J and Gittoes 
NJ (2011) [15] discovered that hypomagnesemia 
causes persistent hypokalemia and they recom-
mended doctors to perform magnesium tests on pa-
tients who experience unexplained or ongoing po-
tassium loss. The review demonstrates that ICU 
practice needs to correct both electrolytes at the 
same time. Our study discovered a moderate corre-
lation between two variables which shows that both 
variables have a substantial relationship but other 
factors such as acid-base imbalance and hormonal 
influences and medication effects must also be con-
sidered to explain potassium level changes. 

The ROC analysis showed that hypomagnesemia 
prediction accuracy reached 0.652 when using po-
tassium levels of 3.1 mEq/L or lower as a diagnostic 
test. The results demonstrate moderate accuracy in 
distinguishing between two conditions, but the 
method fails to detect all cases. Aziz HS et al. (2005) 
[16] found that hypomagnesemia occurs when po-
tassium levels drop below 3.2 mEq/L which shows 
a significant link between these two conditions (p < 
0.01), but the researchers discovered that potassium 
alone fails as an effective screening method. The 
similarity between their potassium threshold (<3.2 
mEq/L) and ours (≤3.1 mEq/L) strengthens the ex-
ternal validity of our findings. The two studies show 
that magnesium deficiency remains possible when 
potassium levels fall within normal or slightly de-
creased ranges. 

The researchers Ahmed F and Mohammed A (2019) 
[17] described hypomagnesemia as an electrolyte 
disorder which critically ill patients experience but 
medical personnel tend to overlook because its clin-
ical effects remain undetected. The researchers 
found that magnesium deficiency leads to three ma-
jor health issues which include arrhythmias and neu-
romuscular dysfunction and increased mortality 
risk. The overlap between the two conditions 
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explains why patients with both deficiencies experi-
ence worse health outcomes in intensive care unit 
environments. 

The research by Palmer BF and Clegg DJ (2016) 
[18] explains that potassium homeostasis depends 
on two processes which involve renal potassium 
handling and intracellular potassium movements 
that magnesium levels control. The study provides 
evidence which supports our interpretation that the 
observed moderate positive correlation represents 
common regulatory pathways because it exists be-
yond random chance. 

Our research results show that hypomagnesemia oc-
curs at high rates among hypokalemic ICU patients 
who have been observed through multiple studies. 
The different studies show different prevalence rates 
and correlation strength because the studies used dif-
ferent population groups and ICU case types and re-
search methods. The existing evidence provides 
strong backing for hospital staff members to conduct 
magnesium tests on their patients who show hypoka-
lemia in intensive care. The ROC analysis showed 
that potassium levels cannot predict magnesium sta-
tus according to our findings and previous research. 
The healthcare system needs to use integrated elec-
trolyte monitoring together with combined replace-
ment methods because these approaches help doc-
tors achieve better patient results while protecting 
critical care patients from ongoing hypokalemia. 

Conclusion  

The present study demonstrates a significant and 
clinically meaningful correlation between hypokale-
mia and hypomagnesemia among ICU patients. A 
high prevalence of hypomagnesemia (62.2%) was 
observed in hypokalemic individuals, and a moder-
ate positive correlation (r = 0.46, p = 0.001) con-
firmed the interdependent relationship between se-
rum potassium and magnesium levels. The severity 
of hypokalemia was significantly associated with 
magnesium deficiency (p = 0.012), highlighting that 
lower potassium levels increase the likelihood of 
concurrent hypomagnesemia. Although potassium 
thresholds showed fair specificity in predicting mag-
nesium deficiency, sensitivity remained limited, in-
dicating that potassium alone is not a reliable screen-
ing marker. These findings underscore the im-
portance of routine magnesium assessment and 
combined electrolyte correction in ICU patients to 
prevent refractory hypokalemia, reduce complica-
tions, and improve overall clinical outcomes. 
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