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ABSTRACT
Introduction: Cervical cancer is a major health concern, 
especially in developing countries. It is the second most 
common cancer among women in India, largely due to limited 
access to advanced screening and Human Papilloma Virus (HPV) 
vaccination. Despite significant advancements in cervical cancer 
prevention and treatment, the disease remains a major health 
burden, particularly in low-resource settings. Magnesium (Mg), 
an essential mineral involved in immune function, inflammation 
and Deoxyribonucleic Acid (DNA) repair, has been linked to 
various cancers, including colorectal and breast cancers, but 
its role in cervical carcinoma is underexplored.

Aim: To investigate the association between magnesium levels 
and cervical carcinoma and to explore the association of 
hypomagnesemia with concomitant chemotherapy using cisplatin 
during chemoradiation.

Materials and Methods: This was a hospital-based prospective 
interventional study, in which a total of 322 subjects were included 
in the study, of which 161 were healthy controls and 161 were 
diagnosed cases of cervical carcinoma. The magnesium levels 

were estimated before and after treatment using the Xylidyl blue 
complexing method on an autoanalyser. The data were compared 
between the two groups using appropriate statistical analysis 
with Statistical Package for the Social Sciences (SPSS) software 
version 20.0.

Results: The mean magnesium levels were 2.08±0.24 mg/dL 
in controls and 1.56±1.02 mg/dL in cancer patients (p-value 
<0.001). Mean serum levels decreased in cancer patients 
postchemoradiation to 0.74±0.39 mg/dL. During concomitant 
chemoradiation with cisplatin, hypomagnesemia was observed 
as grade I in 62 (38.5%), grade II in 25 (15.5%), grade III in 
12 (7.5%) and grade IV in 36 (22.4%). A significant correlation 
was found between hypomagnesemia and hyponatremia, 
hypokalemia and cumulative cisplatin dose toxicity.

Conclusion: The study demonstrated a high prevalence of 
hypomagnesemia in cervical cancer patients, especially those 
undergoing cisplatin-based chemotherapy, with levels declining 
further during treatment. Routine magnesium monitoring and 
proactive management are essential to prevent complications 
and improve outcomes.

INTRODUCTION
Carcinoma of the cervix is the second most common cancer in 
females in India, following breast cancer. In developing nations 
like India, where screening and vaccination programs are limited, 
cervical carcinoma poses a significant health burden [1]. Science 
has made significant progress in the diagnosis and prevention of 
cervical cancer with the discovery of HPV vaccine and the ThinPrep 
cytologic test, resulting in a decrease in the incidence of cervical 
cancer. However, the high cost of these tests has contributed to 
the continued prevalence of cervical cancer as the predominant 
malignancy among women in low-resource countries. Although 
advancements in early detection and treatment have improved 
outcomes, the intricate interplay between various physiological 
factors in the progression and prognosis of cervical carcinoma 
remains an area of intense research [2].

Among various factors, the role of magnesium has garnered 
increasing attention due to its diverse biological functions and 
potential implications in cancer pathogenesis. Magnesium is 
an essential mineral that plays a crucial role in numerous cellular 
processes, such as cell proliferation, immune function, inflammation, 
apoptosis, DNA repair and nucleic acid metabolism, all of which are 
integral to cancer development and progression [3]. Perturbations 
in magnesium homeostasis have been associated with various 
malignancies, including cervical carcinoma [4]. Previous studies 
have linked low intakes of magnesium to the risk of colorectal cancer 

[5,6], adenomas [7] and breast cancer [8]. Low levels of magnesium 
are also associated with a high infection rate. Magnesium is 
essential for the activation and function of T cells, which are a crucial 
component of the immune system responsible for recognising and 
eliminating abnormal or infected cells [9]. Studies have shown that 
T cells are capable of effectively eliminating abnormal or infected cells 
only when they are in an environment with adequate magnesium 
levels [9-11].

Despite being the second most abundant intracellular cation in the 
human body and playing a critical role in numerous physiological 
processes, magnesium remains a relatively under-recognised 
element in overall health [12]. The kidneys meticulously regulate 
magnesium homeostasis through controlled reabsorption. However, 
chemotherapy disrupts electrolyte balance, including magnesium. 
These drugs either enhance renal excretion of magnesium or impede 
its intestinal absorption, resulting in a decline in serum magnesium 
levels [13]. Cisplatin demonstrates a predilection for accumulation 
within the renal cortex, thereby inducing degenerative alterations 
in the proximal tubules. Cisplatin-induced nephrotoxicity presents 
with a diverse spectrum of manifestations, with Acute Tubular 
Necrosis (ATN) being the most commonly observed form [14]. This 
phenomenon is demonstrably linked to a concomitant elevation in 
the urinary excretion of proximal tubular proteins, specifically β2-
microglobulin and N-acetyl-β-glucosaminidase (NAG). Intriguingly, 
a robust correlation is observed between NAG excretion and 
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magnesium levels, suggesting a potential mechanistic link between 
cisplatin-mediated tubular injury and the depletion of magnesium 
stores [13].

The relationship between magnesium levels and cervical carcinoma 
has been relatively underexplored. This study aims to bridge this 
gap by investigating the association between magnesium levels 
and cervical carcinoma, as well as exploring the association of 
hypomagnesemia with concomitant chemotherapy using cisplatin 
during chemoradiation. Understanding the role of magnesium 
in cervical cancer pathogenesis could offer valuable insights into 
potential diagnostic biomarkers, therapeutic targets and preventive 
strategies.

MATERIALS AND METHODS
This is a hospital-based, prospective interventional study conducted 
in the Department of Radiation Oncology and the Department of 
Biochemistry at Pt. B.D. Sharma Post Graduate Institute of Medical 
Sciences, Rohtak, Haryana, India, from May 2024 to October 2024, 
after obtaining approval from the Institutional Ethical Committee 
(IEC) (BREC/24/648). Consent was obtained from study participants 
following the approval from the IEC.

inclusion criteria: Adult patients (≥18 years) with histopathologically 
confirmed cervical carcinoma were included in the study. Age- and 
gender-matched apparently healthy individuals were enrolled as 
control subjects.

exclusion criteria: Cases with a known history of any chronic 
disease, such as diabetes, cardiac, renal, hepatic, or endocrine 
diseases, patients who were on any type of dietary supplements 
were excluded from the study.

Sample size calculation: The sample size was calculated based 
on a prevalence of 7.0% for cervical cancer, with a 5% margin of 
error at a 95% confidence level [15]. Using an online sample size 
calculator, the initial calculation yielded 97 participants. To account 
for a 20% attrition rate, the sample size was adjusted by multiplying 
by a factor of 1/(1-0.20)=1.25, resulting in a final sample size of 122 
participants. However, to ensure statistical robustness and improve 
the generalizability of the findings, a final sample size of 161 patients 
was included in the study.

Study Procedure
Clinical histories were recorded and clinical examinations were 
conducted. The diagnosis and staging of cervical cancer were 
established through routine biopsy, X-ray and, when necessary, 
advanced imaging techniques such as Computed Tomography 
(CT) scans or combined Positron Emission Tomography (PET)/CT 
and Magnetic Resonance Imaging (MRI) were used to determine 
the extent of the disease. A standard treatment protocol was 
followed for patients with locally advanced cervical cancer (FIGO 
(International Federation of Gynaecology and Obstetrics) stage 
II-IVA), involving Concurrent Chemoradiation Therapy (CCRT) 
with cisplatin [16]. As part of the concomitant chemoradiation, 
chemotherapy was administered with injection cisplatin at a dose 
of 40 mg/m2 intravenously on a weekly basis for five cycles, along 
with external beam radiation therapy administered at a dose of 50 
Gy in 25 fractions over five weeks, with five fractions per week. 
Therefore, the scheduled number of chemotherapy cycles was five 
for each patient. Chemotherapy was administered after ensuring 
that complete blood count, liver function tests and kidney function 
tests were within normal limits. The maximum tolerable dose of 
weekly cisplatin was 70 mg to minimise toxicity [17].

The study population was divided into 2 groups:

Group I: Healthy controls (n=161);

Group II: Cervical cancer (n=161), with IIa representing before 
treatment and IIb representing after treatment.

analysis of biochemical parameters: A 5 mL venous blood 
sample was collected from all participants under proper aseptic 
conditions. Samples were collected at the time of diagnosis, after 
every chemotherapy cycle and two weeks after the completion of 
treatment. Serum was separated and analysed for routine parameters 
and magnesium levels. Magnesium levels were estimated using the 
Xylidyl blue complexing method on a Beckman Coulter AU 700 
autoanalyser. In this method, magnesium ions react with Xylidyl 
blue-I in an alkaline medium to form a red-purple coloured complex. 
The intensity of the colour produced is directly proportional to 
the concentration of magnesium in the sample [18]. The baseline 
was defined as the period from 30 days before to the day of the 
first chemotherapy administration and the treatment course was 
defined as the period from 1 day after the first administration of 
chemotherapy to 30 days after the last cycle of chemotherapy 
[19]. The normal serum magnesium level is 1.6-2.5 mg/dL [20]. 
Hypomagnesemia was defined according to the CTCAE (Common 
Terminology Criteria for Adverse Events) or magnesium reduction 
level [21,22]. Grade 1 hypomagnesemia was defined as magnesium 
levels between 1.6 mg/dL (lower limit of normal) and 1.2 mg/dL,  
Grade 2 as levels from <1.2 mg/dL to 0.9 mg/dL, Grade 3 
as <0.9 mg/dL to 0.7 mg/dL and Grade 4 as <0.7 mg/dL. The 
frequency of hypomagnesemia refers to the number of instances in 
which hypomagnesemia occurred during the study [22].

STATISTICAL ANALySIS
All data were collected using Microsoft Office Excel worksheets and 
analysed using SPSS software version 20.0. Values shown in the 
text, tables and figures are presented as mean±SD. Descriptive 
statistics were used to analyse the frequencies, medians, means 
and standard deviations of the study variables for the cohort. 
Student’s t-test and the Mann-Whitney rank sum test were used to 
assess the statistical significance of continuous variables, while the 
Chi-squared test was employed for categorical variables. Correlation 
between clinical factors was evaluated using the Pearson product 
moment correlation or Wilcoxon signed-rank test. A p-value <0.05 
was considered statistically significant.

RESULTS
The study included a total of 322 subjects, comprising 161 cervical 
cancer patients and 161 healthy controls. The median age was 54 
years for the cases and 52 years for the controls, while the median 
Body Mass Index (BMI) was 27.5 kg/m2 for the cases and 25 kg/m2  
for the controls. The mean age of the cases was 28.08±3.01 
years (range: 19-75 years) and that of the controls was 27.87±1.5 
years (p-value=0.08). All subjects in both groups were females. A 
majority of the participants, 124 (77.01%), resided in rural areas. The 
distribution of FIGO stages revealed that 80 patients (49.69%) were 
in stage II, 61 patients (37.89%) were in stage III and 20 patients 
(12.42%) were in stage IVA [23]. Hypomagnesemia was present in 
83 (51.55%) patients at the time of diagnosis. Key median values 
included heart rate (84 bpm), systolic blood pressure (128 mmHg), 
glucose (108 mg/dL), haemoglobin (9.7 g/dL), creatinine (0.9 mg/dL) 
and magnesium (1.56 mEq/L). The frequency of hypomagnesemia 
occurred a median of three times, while hyponatremia and 
hypokalemia had median occurrences of zero and one, respectively 
[Table/Fig-1].

At the time of diagnosis, Group I (cases) had a mean magnesium 
level of 2.08±0.24 mg/dL, while Group II (controls) had a significantly 
lower mean magnesium level of 1.56±1.02 mg/dL. This difference 
was statistically highly significant (p<0.001) [Table/Fig-2]. Magnesium 
levels declined significantly after treatment, from 1.56±1.02 mg/dL  
in Group IIa (cases before treatment) to 0.74±0.39 mg/dL in 
Group IIb (cases after treatment) (p<0.001), indicating treatment-
related impacts of platinum-based chemotherapy [Table/Fig-3]. 
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[Table/Fig-4]: Logistic regression analysis showing levels of magnesium (m/dL) in 
cases before and after treatment. 

Logistic regression analysis revealed a positive correlation between 
magnesium levels before and after treatment [Table/Fig-4].

[Table/Fig-5] shows the distribution of hypomagnesemia in patients 
before and during/after treatment. There was a worsening trend in 
magnesium levels post-treatment.

Patients with hypomagnesemia commonly reported symptoms 
such as fatigue, muscle weakness and cramps. Among the 

161 patients analysed, 135 (83.85%) experienced at least one 
episode of hypomagnesemia during the treatment course, with 
magnesium levels monitored throughout. The median frequency of 
hypomagnesemia was three episodes. Additionally, 119 patients 
(73.91%) experienced early onset of hypomagnesemia, occurring 
before the third cycle of cisplatin.

The median cumulative cisplatin dose was 230 mg, with a range 
from 180 to 320 mg. A significant positive correlation was observed 
between the cumulative cisplatin dose (median) and the severity 
of hypomagnesemia (r-value=0.22, p-value=0.03). The reduction 
in magnesium levels from baseline to post-treatment was also 
statistically significant (r-value=0.32, p-value <0.01), as determined 
by Pearson’s correlation test. During treatment, hypomagnesemia 
showed a significant correlation with hypokalemia (r-value=0.35, 
p-value=0.02) and hyponatremia (r-value=0.24, p-value=0.03). 
However, hypomagnesemia showed no correlation with baseline 
heart rate (r-value=-0.06, p-value=0.6) and baseline systolic blood 
pressure (r-value=-0.05, p-value=0.6). [Table/Fig-6].

characteristics Value (%) or (iQr)

Total no. of cases 161

Median age for cases (years) 54 (43-61)

Median BMI for cases (kg/m2) 27.5 (21–33)

residence

Rural 124 (77.01%)

Urban 37 (22.99%)

FiGo stage

II 80 (49.69%) 

III 61 (37.89%)

IVA 20 (12.42%)

Baseline hypomagnesemia 83 (51.55%)

Median baseline heart rate, beats per minute 84 (76-91)

Median baseline systolic blood pressure (mmHg) 128 (116-141)

Median glucose (mg/dL) 108 (98-122)

Median haemoglobin (g/dL) 9.7 (9.2-10.7)

Median creatinine (mg/dL) 0.9 (0.7-1.1)

Mean magnesium (mEq/L) 1.56 (0.54-2.58)

Median frequency of hypomagnesemia 3 (1–5)

Median frequency of hyponatremia 0 (0–2)

Median frequency of hypokalemia 1 (0–3)

[Table/Fig-1]: Demographics and clinical characteristics of cases. 
Value in N (%) or IQR (inter quartile range)

Parameter Group i (controls) Group ii (cases) p-value

Mg (mg/dL) 2.08±0.24 1.56±1.02 <0.001**

[Table/Fig-2]: The results of unpaired t-test in controls and cases at the time of 
diagnosis. 
Unpaired t-test **Highly Significant; all values are in mean±SD

Parameter
Group iia 

 (before treatment)
Group iib 

 (after treatment) p-value

Mg (mg/dL) 1.56±1.02 0.74±0.39 <0.001**

[Table/Fig-3]: The results of paired t-test in cervical cancer cases before and after 
treatment. 
Paired t-test **Highly Significant; all values are in mean±SD

hypomagnesemia 
Magnesium 

levels (mg/dl) Before treatment
During/after 
treatment

Grade I <1.6-1.2 33 (20.49%) 62 (38.50%)

Grade II <1.2-0.9 13 (8.07%) 25 (15.52%)

Grade III <0.9-0.7 8 (4.96%) 12 (7.45%)

Grade IV <0.7 29 (18.01%) 36 (22.36%)

[Table/Fig-5]: Hypomagnesemia grading seen in patients before and during/after 
treatment. 
Hypomagnesemia grading according to CTCAE (Common Terminology Criteria for Adverse Events) 
version 5, N (%)

correlation Strength (r) Significance (p)

Cumulative dose of cisplatin and severity of 
hypomagnesemia

0.22 0.03*

Magnesium levels (before and after treatment) 0.32 <0.01*

Hypomagnesemia and hypokalemia 0.35 0.02*

Hypomagnesemia and hyponatremia 0.24 0.03*

Hypomagnesemia and baseline heart rate -0.06 0.6

Hypomagnesemia and baseline systolic blood 
pressure

-0.05 0.6

[Table/Fig-6]: Pearson’s correlation between various parameters.
*Significant

DISCUSSION
The present study evaluated the prevalence and progression of 
hypomagnesemia in cervical cancer patients undergoing cisplatin-
based chemoradiation. A significant portion of patients, 83 (51.55%), 
had hypomagnesemia at baseline and this prevalence increased 
to 135 (83.8%) during treatment, with the severity of magnesium 
depletion worsening over successive cycles. Furthermore, 119 
(74%) patients experienced early onset hypomagnesemia before 
the third chemotherapy cycle. These findings underscore the 
substantial risk of magnesium depletion in this patient population 
and its potential implications for treatment outcomes. The results 
of the present study align with previous studies that reported high 
rates of hypomagnesemia in patients receiving cisplatin-based 
chemotherapy for various cancers. For instance, Buckley JE et 
al., found that 41% of patients developed hypomagnesemia after 
just one course of cisplatin, with 100% affected after six cycles 
[24]. Similarly, Hodgkinson E et al., observed a 43% incidence of 
hypomagnesemia at any point during cisplatin therapy [25] and 
Schilsky RL and Anderson T, reported that hypomagnesemia 
occurred in 52.3% of patients, emphasising that most individuals 
receiving cisplatin would experience some degree of magnesium 
depletion [26]. These studies collectively highlight the susceptibility 
of patients undergoing cisplatin treatment to hypomagnesemia, 
consistent with the trends observed in the current study.
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However, the findings of the present study contribute novel insights 
specific to cervical cancer patients. While previous research has 
documented hypomagnesemia in patients receiving platinum-
based chemotherapies, specific data on magnesium levels in 
cervical cancer patients remain limited [24-26]. Notably, a recent 
case report by Komoda J et al., detailed a 76-year-old woman who 
developed hypomagnesemia following nedaplatin chemotherapy 
for cervical cancer [27]. This underscores the need for further 
investigation into magnesium homeostasis in this patient population. 
Unlike previous studies, this study provided a detailed breakdown 
of hypomagnesemia progression across grades (I-IV) and identified 
early onset hypomagnesemia as a prominent feature in this cohort 
[24-27]. Moreover, this study uniquely demonstrated significant 
correlations between cumulative cisplatin doses and the severity of 
hypomagnesemia (r-value=0.22, p-value=0.03). Hypomagnesemia 
during treatment was also significantly associated with other 
electrolyte imbalances, such as hypokalemia (r-value=0.35, 
p-value=0.02) and hyponatremia (r-value=0.24, p-value=0.03), 
emphasising its systemic impact.

Progressive cancers frequently present with anorexia (loss of appetite) 
and cachexia (wasting syndrome), potentially contributing to early 
declines in magnesium levels, a critical micronutrient [28]. Reduced 
dietary intake associated with appetite loss may be a key factor. 
Furthermore, Gastrointestinal (GI) fluid losses can be significant due 
to the adverse effects of cancer itself, such as nausea, vomiting and 
diarrhoea [12]. Cancer treatment can also contribute to these losses, 
with inflammatory diarrhoea being a common side-effect. Additionally, 
pelvic or abdominal radiation therapy can lead to both acute and 
chronic enteritis, further exacerbating diarrhoea [12]. Notably, research 
suggests a significant association between the use of Proton-Pump 
Inhibitors (PPIs) in cancer patients and a 43% increased Relative Risk 
(RR) of developing hypomagnesemia [13].

In the present study, no significant correlation was found between 
baseline hypomagnesemia and baseline heart rate or systolic blood 
pressure. A high baseline heart rate is significantly associated 
with shorter survival, as resting heart rate is a strong predictor of 
cardiovascular morbidity and mortality [19]. Hyponatremia and 
hypokalaemia are strongly associated with hypomagnesemia in the 
present study, which was in accordance with a study by Liu et al., 
conducted on head and neck cancer and ovarian cancer [19,29]. 
Maintaining adequate magnesium homeostasis is paramount 
during oncological therapy, encompassing both chemotherapy and 
radiotherapy, to effectively manage a constellation of treatment-
related symptoms. These symptoms, including muscle cramps, 
fatigue, nausea and vomiting, neuromuscular changes, mental 
status changes and cardiac arrhythmias, can significantly impact 
the quality of life and can interfere with adherence to therapy in 
cervical cancer patients [30].

In the present study, hypomagnesemia was strongly correlated with 
the cumulative dose of cisplatin chemotherapy, which was in line 
with previous studies [19,29]. Notably, a recent critical evaluation of 
magnesium supplements suggests that magnesium citrate exhibits 
superior bioavailability compared to other formulations, potentially 
making it a preferred choice for supplementation [31]. To further 
bolster magnesium stores and enhance overall nutritional wellbeing 
during therapy, cervical cancer patients should be frequently 
encouraged to adopt a dietary pattern rich in magnesium-replete 
sources. Leafy green vegetables, nuts, seeds and whole grains are 
prime examples of such dietary inclusions. This nutritional strategy 
serves as a complementary approach to supplementation, aiming 
to synergistically support magnesium homeostasis and optimise 
overall nutritional status throughout the treatment [32].

Oncological interventions for cervical cancer, particularly those 
incorporating cisplatin-based chemotherapy, present a substantial 
risk of hypomagnesemia. Cisplatin demonstrates the highest risk of 
hypomagnesemia, affecting roughly 90% of patients [28]. Notably, 

carboplatin, a structurally similar chemotherapeutic agent, has 
a lower propensity for both nephrotoxicity and hypomagnesemia 
(10% of patients), potentially offering a valuable alternative in select 
clinical scenarios [33,34]. Emerging evidence suggests that the 
frequency and severity of hypomagnesemia during treatment with 
cisplatin-based regimens can serve as a prognostic marker for 
survival in patients with head and neck cancers and ovarian cancers 
[19,29]. Given this potential impact on treatment outcomes, early 
detection and management of hypomagnesemia become crucial. 
To optimise patient outcomes during therapy, meticulous monitoring 
and management of electrolyte balance, with particular emphasis 
on magnesium homeostasis, are essential. This comprehensive 
approach to supportive care aligns with the overarching goal of 
maximising patient wellbeing while minimising the iatrogenic burden 
associated with oncological therapy.

Limitation(s)
It was a single-centre study, so the findings may not apply to a 
broader population. There was no long-term follow-up to assess 
whether hypomagnesemia persisted or resolved after treatment. 
Additionally, magnesium supplements were not provided to 
patients during the study, which could have influenced the results 
and prevented an evaluation of how supplementation might help 
manage or prevent hypomagnesemia.

CONCLUSION(S)
The study reveals a high prevalence of hypomagnesemia in 
cervical cancer patients, especially those receiving cisplatin-based 
chemotherapy. Magnesium levels were significantly lower in patients 
compared to healthy controls and declined further during treatment, 
correlating with cumulative cisplatin doses and associated electrolyte 
imbalances. These findings underscore the necessity of routine 
magnesium monitoring in cervical cancer patients undergoing 
treatment. Incorporating proactive magnesium management into 
standard supportive care can help prevent complications and 
enhance treatment outcomes and quality of life for these patients. 
Future studies with multi-centre designs and long-term follow-
up should be conducted to explore the impact of magnesium 
management on clinical outcomes, including treatment toxicity, 
patient quality of life and overall survival in cervical cancer patients.
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