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INTRODUCTION
The CKD refers to abnormalities in kidney structure or function that 
have been present for more than three months and have a specific 
negative impact on health [1]. As a primary cause of death, CKD 
affects 8 to 16% of people globally [2]. End-Stage Renal Disease 
(ESRD) is currently a huge burden in India [3]. CKD is one of the 
most prevalent non communicable illnesses globally, and it has a 
significant impact on economic burden, mortality and morbidity 
[4,5]. One factor for CKD is the fast-rising rates of diabetes and 
hypertension worldwide [6,7]. A Glomerular Filtration Rate (GFR) 
below 60 mL/min/1.73 m² or the presence of albuminuria, indicates 
renal disease, is considered an indicator for this condition. CKD is 
further classified based on the estimated GFR (eGFR) [8].

Patients with chronic renal failure experience the buildup of toxins, 
fluid and electrolytes in their bodies, leading to a condition known 
as uremic syndrome. This syndrome can be fatal if the toxins are not 
eliminated through renal replacement therapy [9]. Haemodialysis is 
one of the three types of renal replacement therapy available, with 
the other two being peritoneal dialysis and kidney transplantation. 
Haemodialysis, is the primary and most widely used treatment 
for patients with kidney insufficiency who are awaiting a kidney 

transplant. When a patient undergoes haemodialysis treatments 
three or four times per week, it is called MHD [10].

Magnesium (Mg²+) is the second-most significant and fourth-most 
abundant intracellular cation in the body [11]. The equilibrium 
of magnesium is largely maintained by the kidneys. In the typical 
population, serum magnesium levels should range from 1.4 to 
2.6 mg/dL [12]. In patients receiving continuous haemodialysis, the 
dialysate magnesium concentration is the main variable used to 
calculate serum Mg levels. In patients with CKD, hypomagnesemia 
is linked to vascular calcification and higher cardiovascular mortality; 
thus, increasing the dialysate Mg concentration is very important to 
provide supplementation [13,14].

In patients with CKD, related morbidity and disability are highly 
linked to the incidence of atherosclerotic cardiovascular events 
[15]. Cardiovascular death can occur as a result of heart failure and 
dangerous arrhythmias, especially in advanced stages of CKD. 
Additionally, individuals with CKD face a significant risk of experiencing 
fatal complications related to endothelial dysfunction, activation of 
profibrotic and proinflammatory states and atherosclerosis, such 
as myocardial infarction and stroke [16]. Despite efforts to address 
traditional and non traditional risk factors for Cardiovascular Disease 
(CVD), including hypertension, diabetes and dyslipidaemia, the impact 
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ABSTRACT
Introduction: Chronic Kidney Disease (CKD) patients undergoing 
haemodialysis are more prone for hypomagnesemia. A lack of 
magnesium can hasten the development of atherosclerosis 
and vascular calcification. The most widely used non invasive 
marker for assessing atherosclerosis risk is the measurement of 
Carotid Intima-Media Thickness (CIMT). The role of magnesium 
in cardiovascular health can be assessed by correlating serum 
magnesium levels with CIMT.

Aim: To correlate postdialysis serum magnesium levels and 
atherosclerosis risk as measured by ultrasound-guided CIMT in 
CKD patients undergoing Maintenance Haemodialysis (MHD).

Materials and Methods: A hospital-based cross-sectional 
study was conducted at KMCH Institute of Health Sciences 
and Research, Coimbatore, Tamil Nadu, India from May 2023 
to July 2023. The study included 100 CKD patients undergoing 
MHD. Postdialysis, serum magnesium levels and CIMT were 
measured. Relevant laboratory investigations and clinical 
history were taken from the case records. Analysis of variance 
and Student’s t-test were employed for the statistical analysis of 
the data. The correlation between the parameters was assessed 
using Pearson’s correlation coefficient.

Results: The mean magnesium level was 1.5±0.3 mg/dL, 36% of 
the study population had hypomagnesemia. The mean right-side 
and left-side CIMT in the study population were 0.56 mm and 
0.6  mm, respectively. There was a negative correlation between 
CIMT and magnesium (Right CIMT r-value=-0.046, p-value=0.651; 
Left CIMT r-value=-0.066, p-value=0.512), but it was not statistically 
significant. CIMT showed a significant negative correlation with 
serum creatinine (Right CIMT r-value=-0.220, p-value=0.029; Left 
CIMT r-value=-0.126, p-value=0.216) and serum phosphate (Right 
CIMT r-value=-0.256, p-value=0.017; Left CIMT r-value=-0.233, 
p-value=0.030). CIMT showed a significant correlation between with 
duration of hypertension (Right CIMT r-value=0.299, p-value=0.003; 
Left CIMT r-value=0.232, p-value=0.020) and dialysis (Right CIMT 
r-value=0.288, p=0.004; Left CIMT r-value=0.204, p-value=0.041).

Conclusion: There was a negative correlation between CIMT 
and serum magnesium levels, but it was not statistically 
significant. Thus, decreased serum magnesium levels may be 
an additional risk factor, along with disordered homeostasis 
of calcium, phosphorous, duration of dialysis, diabetes and 
hypertension, for developing adverse cardiovascular events.
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Three mL of blood sample was collected immediately after dialysis. 
The blood samples were collected in a blood collection tube 
without anticoagulant and promptly transported to the biochemistry 
laboratory. The collected samples were kept at room temperature for 
25-30 minutes to allow clotting, after which the serum was separated 
through centrifugation at 3000 rpm for 15 minutes. The postdialysis 
serum concentrations of magnesium (reference range: 1.4-2.6 mg/
dL) were analysed in COBAS INTEGRA 400 plus chemistry 
analyser (Roche Diagnostics Ltd), and the results were recorded. 
The total magnesium concentration was measured photometrically 
at 600 nm via the decrease in xylidyl blue absorbance. The other 
required details of the patients were obtained from the patients’ 
records maintained at the Department of Nephrology using a preset 
proforma. This included age, gender, duration of dialysis, history 
of diabetes, history of hypertension and previously reported blood 
chemistry parameters: eGFR, serum urea, serum creatinine, serum 
sodium, serum potassium, serum calcium, and serum phosphorous 
[Table/Fig-2] [23]. All the collected data were recorded for further 
statistical analysis.

of CKD on cardiovascular risk remains evident in numerous trials 
involving CKD patients who have not yet started dialysis treatment.

CIMT has been found to be helpful in assessing the risk and 
prevalence of CVD, according to numerous research [17-19], and it 
can be measured easily, consistently and non invasively. Although 
there are few studies [20,21] suggesting the role of magnesium in 
cardiovascular health, the novelty of the study was that it links the 
risk of cardiovascular events in patients undergoing haemodialysis 
based on serum magnesium levels and CIMT. Thus, serum 
magnesium levels may be estimated routinely in patients after 
haemodialysis, and magnesium supplementation may be provided.

In this study the aim was to find the correlation between serum 
magnesium levels and the risk of atherosclerosis as measured by 
CIMT in haemodialysis patients.

MATERIALS AND METHODS
A hospital-based cross-sectional study was conducted at KMCH 
Institute of Health Sciences and Research in Coimbatore, Tamil 
Nadu, India focusing on patients undergoing MHD over three 
months, from May 2023 to July 2023. The Institutional Human 
Ethical Committee (IHEC) granted clearance, and the approval 
number was 07/IHEC/2023.

Inclusion criteria: Stage 4 and stage 5 chronic renal failure patients 
aged 18 years or older, who were undergoing MHD in the Nephrology 
department and were willing to give consent were included in the 
study. CKD is staged as stage 4 if GFR value is15-29 mL/min/1.73 m², 
and as stage 5 if the GFR value is <15 mL/min/1.73 m² [9].

Exclusion criteria: Patients who were unwilling to provide consent, 
patients who had done renal transplantation and those receiving 
magnesium supplementation were excluded from the study.

Sample size calculation: One hundred subjects were included by 
convenience sampling.

Study Procedure
Written informed consent was obtained from the selected patients. 
CIMT was measured in the Radiology Department. The medial-
adventitial and intimal-luminal contacts of the carotid artery were used 
to compute the carotid IMT. IMT corresponds to the region between 
the “double line” of hyperechoic lines. For carotid ultrasonography, 
a linear-array transducer with a fundamental frequency of at least 
7 MHz should be employed. While a depth of focus between 30 
and 40 mm is the appropriate depth of focus, people with larger 
necks or deeper veins may need a deeper focus. In transverse and 
longitudinal sections, the Common Carotid Artery (CCA) should be 
scanned in B-mode carotid ultrasonography from its origin to the 
carotid bifurcation (BIF), Internal Carotid Artery (ICA), and External 
Carotid Artery [Table/Fig-1] [22].

Parameter Reference range Method of estimation

eGFR (mL/min/1.73 m2) 125
CKD-Epidemiology 
collaboration

Serum urea (mg/dL) 15-40
Urease- glutamate 
dehydrogenase method

Serum creatinine (mg/dL)
0.72 to 1.18 in men

0.55 to 1.02 in women
Jaffe’s alkaline picrate 
method

Serum sodium (mEq/L) 135-145
Direct Ion selective 
electrode- Potentiometry

Serum potassium (mEq/L) 3.5-5.5
Direct Ion selective 
electrode- Potentiometry

Serum calcium (mg/dL) 9-10.6 NM-BAPTA method

Serum phosphorous (mg/dL) 2.8-5.9
Ammonium molybdate 
method

[Table/Fig-2]:	 Reference ranges of the blood chemistry parameters [23].

Variables Frequency (%) or Mean±SD

Age (years) 44.6+14.6

Gender
Male 84%

Female 16%

Body mass index

Underweight 11%

Normal 57%

Overweight 29%

Obese 3%

Diabetes
Yes 35%

No 65%

Duration of diabetes (years) 10+8.1[Table/Fig-1]:	 USG images of the CIMT thickness.

STATISTICAL ANALYSIS
Statistical analysis of the data obtained was done using the Statistical 
Package for the Social Sciences (SPSS) software version 28.0. The 
results were analysed with tables and bar charts. Demographic data 
were analysed with descriptive statistics such as mean±Standard 
Deviation (SD) for the continuous variables, while categorical variables 
were analysed with frequencies and percentages. Analysis of Variance 
(ANOVA) and Student’s t-test were employed for the statistical analysis 
of the data. The p-value of <0.05 were taken as the significant 
value. The correlation between the parameters was assessed using 
Pearson’s correlation coefficient. A 75th percentile values were taken 
based on the results from large European cohort studies [24].

RESULTS
A total of 100 CKD patients undergoing haemodialysis were 
included in the study, comprising 84 male patients and 16 female 
patients. The mean age of the patients was 44.6±14.6 years. Other 
demographic characteristics are shown in [Table/Fig-3].
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Age and carotid intima medial thickness value n (%)

<30 years (n=4)

>0.44 mm (75th percentile) 4 (100)

31-40 years (n=7)

<0.50 mm (75th percentile) 3 (42.9)

>0.50 mm 4 (57.1)

41-50 years (n=3)

<0.53 mm (75th percentile) 2 (66.7)

>0.53 mm 1 (33.3)

>50 years (n=2)

<0.60 mm (75th percentile) 1 (50)

>0.60 mm 1 (50)

[Table/Fig-7]:	 Females, right-side CIMT in the study population.

Age and carotid intima medial thickness value n (%)

<30 years (n=4)

>0.47 mm (75th percentile) 4 (100)

31-40 years (n=7)

<0.51 mm (75th percentile) 2 (28)

>0.52 mm 5 (71)

41-50 years (n=3)

>0.57 mm (75th percentile) 3 (100)

>50 years (n=2)

<0.64 mm (75th percentile) 1 (50)

>0.64 mm 1 (50)

[Table/Fig-8]:	 Females, left-side CIMT in the study population.

Clinical parameters Mean±Std. Deviation

Serum magnesium (mg/dL)

1.5±0.3

36% had hypomagnesemia

64% had normal levels of magnesium

Serum creatinine (mg/dL) 8.14±3.4

Estimated Glomerular Filtration Rate (eGFR) 
(mL/min/1.73 m2)

8.4±4

8% in stage 4 CKD

92% in stage 5 CKD

Serum urea (mg/dL) 84.9±36.7

Serum calcium (mg/dL)

8.4±0.8

23% had normocalcaemia

77% had hypocalcaemia

Serum phosphorus (mg/dL)

4.8±1.5

6% had hypophosphatemia

22% had hyperphosphatemia

Serum sodium (mmol/L) 137.5±2.9

Serum potassium (mmol/L) 5±0.8

Carotid intima medial thickness-right 0.56±0.08

Carotid intima medial thickness-left 0.6±0.1

[Table/Fig-4]:	 Distribution of clinical characteristics of study participants.

Age and carotid intima medial thickness value n (%)

<30 years (n=14)

<0.48 mm (75th percentile) 5 (35.7)

>0.49 mm 9 (64.3)

31-40 years (n=23)

<0.50 mm (75th percentile) 7 (30.4)

>0.51 mm 16 (69.6)

41-50 years (n=18)

<0.57 mm (75th percentile) 8 (44.4)

>0.58 mm 10 (55.6)

>50 years (n=29)

<0.62 mm (75th percentile) 20 (69.0)

>0.63 mm 9 (31.0)

[Table/Fig-5]:	 Males, right-side CIMT in the study population.

Age and carotid intima medial thickness value n (%)

<30 years (n=14)

<0.49 mm (75th percentile) 5 (35.7)

>0.50 mm 9 (64.3)

31-40 years (n=23)

<0.57 mm (75th percentile) 11 (47.8)

>0.58 mm 12 (52.2)

41-50 years (n=18)

<0.61 mm (75th percentile) 10 (55.6)

>0.62 mm 8 (44.4)

>50 years (n=29)

<0.70 mm (75th percentile) 24 (82.8)

>0.71 mm 5 (17.2)

[Table/Fig-6]:	 Males, left-side CIMT in the study population.

A 92% of the study population falls in CKD stage 5 based on eGFR. 
Among 100 participants, 6% had hypophosphatemia, and 22% had 
hyperphosphatemia. A 77% of study participants had hypocalcaemia, 
and 36% of the study population had hypomagnesemia [Table/Fig-4].

group of 41-50 years, 2 (66.7%) had right-side CIMT of <0.53 mm. 
In the age group of more than 50 years, one had right-side CIMT of 
0.60 mm and 1 had CIMT <0.60 mm [Table/Fig-7]. Among females 
in the age group of less than 30 years of age all the patients had 
left-side CIMT of 0.47 mm. In the age group of 31-40 years, 2 (28%) 
had left-side CIMT of <0.51 mm. In the age group of 41-50 years, all 
three had left-side CIMT of >0.57 mm, and in the age of >50 years 
1 (50%) had left-side CIMT of >0.64 mm [Table/Fig-8].

About 24 patients with hypomagnesemia had high right-side CIMT, 
and 22 patients with hypomagnesemia had high left-side CIMT, as 
detailed in [Table/Fig-9,10].

Hypertension
Yes 81%

No 19%

Duration of hypertension (years) 5.7+5.4

Duration of dialysis (years) 2.2+1.9

[Table/Fig-3]:	 Distribution of demographic characteristics of study participants.

Among males, on the right-side, less than 30 years of age, about 
9 (64.3%) had CIMT above 0.49 mm. In the age group of 31-40 years, 
about 16 (69.6%) had CIMT above 0.51 mm. In the age group of 
41-50 years, about 10 (55.6%) had CIMT above 0.58  mm, and 
among those above 50 years of age, 9 (31%) had CIMT more than 
0.63 mm [Table/Fig-5]. Among males, on the left-side, <30 years of 
age, about 9 (64.3%) had CIMT above 0.50 mm. In the age group 
of 31-40, about 12 (52.2%) had CIMT above 0.58 mm. In the age 
group of 41-50, about 8 (44.4%) had CIMT above 0.62 mm, and 
among those above 50 years of age, about 5 (17.2%) had CIMT 
more than 0.71 mm [Table/Fig-6].

Among females, in the age group of <30 years, all patients (n=4) had 
right-side CIMT greater than 0.44 mm. In the age group of 31-40 
years, 3 (42.9%) had right-side CIMT less than 0.50 mm. In the age 

Carotid intima media thickness Hypomagnesemia
Normal 

magnesium Total

Carotid intima medial thickness normal 12 34 46

Carotid intima medial thickness high 24 30 54

Total 36 64 100

[Table/Fig-9]:	 Serum magnesium and right-side CIMT in the study population.
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Correlation
Pearson correlation 

(r-value)
p-

value

Serum creatinine with duration of diabetes mellitus -0.232 0.020

Duration of hypertension with right carotid intima 
medial thickness

0.299 0.003

Duration of hypertension with left carotid intima 
medial thickness

0.232 0.020

Duration of dialysis with right carotid intima medial 
thickness

0.288 0.004

Duration of dialysis with left carotid intima medial 
thickness

0.204 0.041

Serum creatinine with right carotid intima medial 
thickness

-0.220 0.029

Serum creatinine with left carotid intima medial 
thickness

- 0.126 0.216

Serum phosphorous with right carotid intima 
medial thickness

-0.256 0.017

Serum phosphorous with left carotid intima medial 
thickness

-0.233 0.030

[Table/Fig-12]:	 Correlation of various analytes.

level is expected because of the kidneys’ role in forming an active 
form of vitamin D, that in turn plays the key role in maintaining the 
serum calcium levels. Vitamin D is responsible for the absorption of 
dietary calcium from the intestines and the reabsorption of calcium 
from the kidneys. In the present study, about 22% of the population 
had hyperphosphatemia. Hyperphosphatemia in CKD is due to the 
decreased GFR, and hence decreased filtration of phosphate, and 
also by poor dietary restriction of phosphate.

In the present study, 36% of the population had hypomagnesemia, 
and 64% had normal magnesium levels. According to Ramasamy I 
et al., 27% of the patients with CKD undergoing MHD had 
hypomagnesemia [12]. These findings were similar to those of 
Leenders NHJ et al., where there was a significant decrease in 
postdialysis serum magnesium levels in the study population [25]. 
This decrease in postdialysis magnesium level may be because of 
the decreased dietary intake of magnesium, low concentration of 
dialysate fluid magnesium, or maybe due to intake of drugs that 
interfere with magnesium homeostasis [12]. Based on the CCA 
CIMT values and percentiles from large European cohort studies 
75th percentile values were taken [24].

Among males, on the right-side, less than 30 years of age, about 
n=9 (64.3%) had CIMT above 0.49 mm. In the age group of 31-
40 years, about n=16 (69.6%) had CIMT above 0.51 mm. In the 
age group of 41-50 years, about n=10 (55.6%) had CIMT above 
0.58 mm, and those above >50 years of age, n=9 (31%) had CIMT 
more than 0.63 mm. Among males, on the left-side, less than 
30 years of age, about n=10 (71.4%) had CIMT above 0.50 mm. In 
the age group of 31-40 years, about n=12 (52.2%) had CIMT above 
0.58 mm. In the age group of 41-50 , about n=8 (44.4%) had CIMT 
above 0.62 mm, and those above >50 years of age, about n=5 
(17.2%) had CIMT more than 0.71 mm.

Among females, in the age group of less than 30 years of age, 
all the patients (n=4) had right-side CIMT of >0.44 mm, those in 
the age group of 31-40 years of age three had right-side CIMT of 
<0.50  mm, and four has right-side CIMT greater than 0.50 mm, 
those in the age group of 41-50 years, two had right-side CIMT 
of <0.53 mm, and one had a CIMT of 0.53 mm. In the age group 
of more than 50 years, one had right-side CIMT of 0.60 mm, and 
one had less than 0.60 mm. Among females in the age group of 
less than  30  years, all patients had left-side CIMT greater than 
0.47 mm. In the age group of 31-40 years, one had left-side CIMT 
of <0.51  mm, and six had >0.52 mm. In the age group of 41-
50 years, all three had left-side CIMT of >0.57 mm, those in the age 
of >50 years all two had left-side CIMT of >0.64 mm.

CIMT has been found to have predictive value in cardiovascular risk 
assessment [17]. There was an increasing trend of CIMT in patients 
as their age increased. The mean right-side carotid artery intima-
media thickness in the study population was 0.55 mm, and that 
on the left-side was 0.60 mm. According to El-Ghany SA et al., 
[26], the mean CIMT in their population was 1.06 mm, which is 
higher than the mean value observed in present study population. 
This may be because of the geographical variations and increased 
phosphate levels (mean=5.2 mg/dL). This increased mean CIMT in 
the study population of El-Ghany SA et al., may also be explained 
by the increased prevalence of hypomagnesemia (n=36, 60%) in 
their population when compared to the current study (36%) [26].

The mean CIMT in the current study was also in contrast with the 
findings of Alarbagy AR et al., where the CIMT was in the higher 
range when compared to present study population, even in those 
patients with serum magnesium in the normal range [27]. This 
difference could be explained by the geographical variations.

There was a significant negative correlation between serum creatinine 
levels and duration of diabetes (r-value=-0.232, p-value=0.020). 
Additionally, there was a significant correlation between the duration 
of hypertension and CIMT on both the right and left-sides (right: 

Carotid intima media thickness Hypomagnesemia
Normal 

magnesium Total

Carotid intima medial thickness normal 14 39 53

Carotid intima medial thickness high 22 25 47

Total 36 64 100

[Table/Fig-10]:	 Serum magnesium and left-side CIMT in the study population.

Variables Pearson correlation p-value

Age 0.128 0.205

Duration of diabetes mellitus 0.133 0.447

Duration of hypertension 0.089 0.430

Duration of dialysis 0.006 0.950

Estimated Glomerular Filtration Rate (eGFR) -0.021 0.834

Creatinine 0.023 0.819

Urea 0.057 0.585

Calcium (mg/dL) 0.039 0.709

Phosphorus (mg/dL) -0.012 0.915

Sodium (mEq/L) -0.095 0.371

Potassium (mEq/L) 0.015 0.885

Right-side carotid intima medial thickness -0.046 0.651

Left-side carotid intima medial thickness -0.066 0.512

[Table/Fig-11]:	 Correlation of serum magnesium with clinical parameters.

There was a negative correlation between serum magnesium levels 
and both right and left CIMT; but it is not statistically significant since 
the p-value >0.05 and the details have been depicted in [Table/Fig-11].

The correlation of various analytes, like serum creatinine with 
duration of diabetes mellitus, duration of hypertension with right and 
left CIMT, duration of dialysis with right and left CIMT, and serum 
phosphorus with right and left CIMT, have been done and the details 
are depicted in [Table/Fig-12].

DISCUSSION
The mean duration of diabetes in the study population was 10 
years. Diabetes mellitus plays an important role in the development 
and progression of CKD. The mean duration of hypertension in 
the study population was 5.7 years. A causal association between 
systemic hypertension and CKD could not be established, as CKD 
could also result in the development of hypertension owing to the 
role of kidneys in maintaining blood pressure. The mean duration 
of dialysis in the study population was 2.2 years. About 92% of 
the study population had stage five CKD based on estimated 
Glomerular Filtration Rate (eGFR). In the present study, about 77% of 
the population had hypocalcaemia. This decrease in serum calcium 
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r-value=0.299, p-value=0.003; left: r-value=0.232, p-value=0.020). 
This proves the increased cardiovascular risk caused by hypertension. 
There was a significant correlation between the duration of dialysis 
and CIMT on both right and left-sides (right: r-value=0.288, 
p-value=0.004; left: r-value=0.204, p-value=0.041), as haemodialysis 
is an independent risk factor for adverse cardiovascular events.

There was also a significant negative correlation between right-
side CIMT and serum creatinine (r-value=-0.220, p-value=0.029), 
as CKD is an independent risk factor for adverse cardiovascular 
events. A significant negative correlation was observed between 
serum phosphate and CIMT on both the right and left-sides (right: 
r-value=-0.256, p-value=0.017; left: r-value=-0.233, p-value=0.030), 
as there will be hyperphosphatemia is common in patients with CKD. 
There was a negative correlation between right and left CIMT with 
posthaemodialysis serum magnesium levels, but it was not statistically 
significant with (right CIMT: r-value=-0.046, p-value=0.651; left CIMT: 
r-value=-0.066, p-value=0.512). This was also similar to the findings 
of El-Ghany SA et al., where there was no significant correlation 
between the two parameters (r-value=0.04, p-value=0.66) [26]. 
Alarbagy AR et al., also concluded that serum magnesium is not an 
independent risk factor for atherosclerosis [27].

In contrast, Gulati Y et al., found a significant correlation between 
serum magnesium and CIMT (Pearson correlation coefficient was 
-0.677 and -0.704), with CIMT being significant at p-value <0.001 
[28]. Thus, in CKD patients, there is disordered homeostasis of 
calcium, phosphorous, and magnesium, and there will be an 
accumulation of uremic toxins. The major risk factors for CKD are 
diabetes mellitus and hypertension, all together finally leading to 
adverse cardiovascular events.

In patients undergoing haemodialysis, decreased magnesium 
levels may be an additional risk factor that may hasten vascular 
calcification, leading to adverse cardiovascular events. Although it 
was not statistically significant in this study, the negative correlation 
between CIMT and serum magnesium showed a negative 
correlation, thus estimation of serum magnesium levels may be 
routinely done in patients receiving haemodialysis, thus one can 
identify hypomagnesemia, and correction can be done and that 
may prevent adverse cardiovascular events.

Limitation(s)
This was a single-centered, hospital-based study, and serum total 
magnesium was measured instead of ionised magnesium, which 
is the biologically active form. Multicentric trials could be done 
to confirm the findings in a larger, more varied population. CIMT 
alone was used as a marker for predicting adverse cardiovascular 
events. Along with CIMT, other cardiovascular risk markers could 
be studied, and correlation of these markers with magnesium could 
be done and this gives a better insight into the role of magnesium in 
cardiovascular health.

CONCLUSION(S)
In the present study, there was a significant correlation between 
the duration of hypertension, dialysis duration, serum creatinine, 
and serum phosphate levels with CIMT. About 36% of the study 
population had hypomagnesemia. CIMT and serum magnesium 
showed a negative correlation, but it was not statistically significant. 
Although there was no significant correlation between CIMT and 
magnesium levels, it may be beneficial for the patients if postdialysis 
serum magnesium levels were estimated routinely and magnesium 
supplementation provided to prevent adverse cardiovascular events. 
However, further studies with larger sample size are needed to find 
the correlation between magnesium levels and cardiovascular risk 
markers in CKD patients receiving haemodialysis, and also to assess 
the independent role of magnesium in cardiovascular health.

REFERENCES
	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. [1]

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of 
Chronic Kidney Disease. Kidney Int. 2024;105(4S):S117-S314. Doi: 10.1016/j.
kint.2023.10.018. PMID: 38490803.

	 Chen TK, Knicely DH, Grams ME. Chronic kidney disease diagnosis and [2]
management: A review: A review. JAMA [Internet]. 2019;322(13):1294-304. 
Available from: http://dx.doi.org/10.1001/jama.2019.14745.

	 Rajapurkar MM, John GT, Kirpalani AL, Abraham G, Agarwal SK, Almeida AF, et al. [3]
What do we know about chronic kidney disease in India: First report of the Indian 
CKD registry. BMC Nephrol 2012;13:10. Doi: 10.1186/1471-2369-13-10.

	 GBD Chronic Kidney Disease Collaboration. Global, regional, and national [4]
burden of chronic kidney disease, 1990-2017: A systematic analysis for the 
Global Burden of Disease Study 2017. Lancet. 2020;395(10225):709-33. Doi: 
10.1016/S0140-6736(20)30045-3. Epub 2020 Feb 13. PMID: 32061315; 
PMCID: PMC7049905.

	 Thurlow JS, Joshi M, Yan G, Norris KC, Agodoa LY, Yuan CM, et al. Global [5]
epidemiology of end-stage kidney disease and disparities in kidney replacement 
therapy. Am J Nephrol. 2021;52(2):98-107. Doi: 10.1159/000514550. Epub 
2021 Mar 22. PMID: 33752206; PMCID: PMC8057343.

	 GBD 2021 Diabetes Collaborators. Global, regional, and national burden [6]
of diabetes from 1990 to 2021, with projections of prevalence to 2050: A 
systematic analysis for the Global Burden of Disease Study 2021. Lancet. 
2023;402(10397):203-34. Doi: 10.1016/S0140-6736(23)01301-6. Epub 2023 
Jun 22. Erratum in: Lancet. 2023 Sep 30;402(10408):1132. PMID: 37356446; 
PMCID: PMC10364581. DOI: 10.1016/S0140-6736(23)01301-6

	 Gupta R, Gaur K, S Ram CV. Emerging trends in hypertension epidemiology in [7]
India. J Hum Hypertens. 2019;33(8):575-87. Doi: 10.1038/s41371-018-0117-3. 
Epub 2018 Sep 25. PMID: 30254382.

	 Charles C, Ferris AH. Chronic kidney disease. Prim Care [Internet]. 2020;47(4):585-[8]
95. Doi: 10.1016/j.pop.2020.08.001.

	 Harrison TR. Harrison’s Principles of Internal Medicine, 21[9] st edition. 2022 by 
McGraw Hill LLC.

	 Jha V, Ur-Rashid H, Agarwal SK, Akhtar SF, Kafle RK, Sheriff R, et al. The state [10]
of nephrology in South Asia. Kidney Int. 2019;95(1):31-37. Doi: 10.1016/j.
kint.2018.09.001.

	 Pluquet M, Kamel S, Alencar de Pinho N, Mansencal N, Combe C, Metzger M, [11]
et al. Ionized and total magnesium levels in patients with chronic kidney disease: 
Associated factors and outcomes. Clin Kidney J. 2024;17(4):sfae046. Doi: 10.1093/
ckj/sfae046. PMID: 38572502; PMCID: PMC10986257.

	 Ramasamy I, Manickam D, Venkatesh M. Effect of hemodialysis on serum [12]
magnesium level in patients with chronic renal failure: A cross-sectional study. 
Nat J Lab Med [Internet]. 2023; Available from: http://dx.doi.org/10.7860/
njlm/2023/57259.2684.

	 Zaslow SJ, Oliveira-Paula GH, Chen W. Magnesium and vascular calcification [13]
in chronic kidney disease: Current insights. Int J Mol Sci. 2024;25(2):1155. Doi: 
10.3390/ijms25021155. PMID: 38256228; PMCID: PMC10816532.

	 Corillo IG, Vega A, Goicoechea M, Shabaka A, Gatius S, Abad S, et al. [14]
Hypermagnesemia is associated with all cause mortality in patients with 
chronic kidney disease. J Clin Exp Nephrol. 2020;5(1):78. Doi: 10.36648/2472-
5056.05.01.78.

	 Huang H, Zhu Z, Wang H, Ma X, Liu W, Wu Y, et al. Quantifying carotid stiffness [15]
in chronic kidney disease using ultrafast ultrasound imaging. Quant Imaging 
Med Surg. 2024;14(1):75-85. Doi: 10.21037/qims-23-503. Epub 2023 Oct 13. 
PMID: 38223093; PMCID: PMC10784014.

	 Falconi CA, Junho CVDC, Fogaça-Ruiz F, Vernier ICS, da Cunha RS, Stinghen [16]
AEM, et al. Uremic toxins: An alarming danger concerning the cardiovascular 
system. Front Physiol. 2021;12:686249. Doi: 10.3389/fphys.2021.686249. PMID: 
34054588; PMCID: PMC8160254.

	 Manabe S, Kataoka H, Mochizuki T, Iwadoh K, Ushio Y, Kawachi K, et al. [17]
Maximum carotid intima-media thickness in association with renal outcomes. 
J Atheroscler Thromb. 2021;28(5):491-505. DOI: 10.5551/jat.57752. Epub 2020 
Aug 6. PMID: 32759541; PMCID: PMC8193787.

	 Ottakath N, Al-Maadeed S, Zughaier SM, Elharrouss O, Mohammed HH, [18]
Chowdhury MEH, et al. Ultrasound-based image analysis for predicting carotid 
artery stenosis risk: A comprehensive review of the problem, techniques, 
datasets, and future directions. Diagnostics (Basel). 2023;13(15):2614. Doi: 
10.3390/diagnostics13152614. PMID: 37568976; PMCID: PMC10417708.

	 Stevens B, Abdool-Carrim T, Woodiwiss AJ. Left versus right carotid artery IMT: [19]
Differential impact of age, gender, and cardiovascular risk factors. Int J Cardiovasc 
Imaging. 2024;40(11):2391-404. Doi: 10.1007/s10554-024-03245-1. Epub 2024 
Sep 26. PMID: 39325213; PMCID: PMC11561018.

	 Fatima G, Dzupina A, Alhmadi BH, Magomedova A, Siddiqui Z, Mehdi A, et [20]
al. Magnesium matters: A comprehensive review of its vital role in health and 
diseases. Cureus. 2024;16(10):e71392. Doi: 10.7759/cureus.71392. PMID: 
39539878; PMCID: PMC11557730.

	 Fritzen R, Davies A, Veenhuizen M, Campbell M, Pitt SJ, Ajjan RA, et al. Magnesium [21]
deficiency and cardiometabolic disease. Nutrients. 2023;15(10):2355. Doi: 10.3390/
nu15102355. PMID: 37242238; PMCID: PMC10222666.

	 Nezu T, Hosomi N, Aoki S, Matsumoto M. Carotid intima-media thickness for [22]
atherosclerosis. J Atheroscler Thromb [Internet]. 2016;23(1):18-31. Available from: 
http://dx.doi.org/10.5551/jat.31989. Doi: 10.5551/jat.31989.

	 Rifai N. Tietz Fundamentals of Clinical Chemistry and Molecular Diagnostics Elsevier [23]
Health Sciences. 08-11-2023. 9th Edition. Appendix: Reference Information for the 
Clinical Laboratory.



M Suresh et al., Postdialysis Serum Magnesium Levels and Atherosclerosis Risk	 www.njlm.net

National Journal of Laboratory Medicine. 2025 Apr, Vol-14(2): BO01-BO0666

PARTICULARS OF CONTRIBUTORS:
1.	 Lab Technician, Department of Biochemistry, A.S. Hospital, Ariyalur, Tamil Nadu, India.
2.	 Associate Professor, Department of Biochemistry, KMCH IHSR, Coimbatore, Tamil Nadu, India.
3.	 Assistant Professor, Department of Biochemistry, KMCH IHSR, Coimbatore, Tamil Nadu, India.
4.	 Consultant Nephrologist, Department of Nephrology, KMCH IHSR, Coimbatore, Tamil Nadu, India.
5.	 Consultant Radiologist, Department of Radiology, KMCH IHSR, Coimbatore, Tamil Nadu, India.
6.	 Consultant Nephrologist, Department of Nephrology, KMCH IHSR, Coimbatore, Tamil Nadu, India.
7.	 Associate Professor, Department of Radiology, KMCH IHSR, Coimbatore, Tamil Nadu, India.

PLAGIARISM CHECKING METHODS: [Jain H et al.]

•  Plagiarism X-checker: Oct 05, 2024
•  Manual Googling: Jan 18, 2025
•  iThenticate Software: Feb 08, 2025 (13%)

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. N Monika,
Assistant Professor, Department of Biochemistry, KMCH IHSR,  
Coimbatore-641014, Tamil Nadu, India.
E-mail: monikarajan57@gmail.com

Date of Submission: Oct 04, 2024
Date of Peer Review: Dec 31, 2024 
Date of Acceptance: Feb 10, 2025

Date of Publishing: Apr 01, 2025

Author declaration:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  NA

Etymology: Author Origin

Emendations: 7

	 Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al; American [24]
Society of Echocardiography Carotid Intima-Media Thickness Task Force. 
Use of carotid ultrasound to identify subclinical vascular disease and evaluate 
cardiovascular disease risk: A consensus statement from the American Society 
of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed 
by the Society for Vascular Medicine. J Am Soc Echocardiogr. 2008;21(2):93-
111; quiz 189-90. Doi: 10.1016/j.echo.2007.11.011. Erratum in: J Am Soc 
Echocardiogr. 2008;21(4):376. PMID: 18261694.

	 Leenders NHJ, van Ittersum FJ, Hoekstra T, Hoenderop JGJ, Vervloet MG. [25]
Routine hemodialysis induces a decline in plasma magnesium concentration 
in most patients: A prospective observational cohort study. Sci Rep [Internet]. 
2018;8(1):10256. Doi: 10.1038/s41598-018-28629-x.

	 Abd El-Ghany SA, Elbadry AM, Khodeir SA, Mohamed WS. Study of the relationship [26]
between serum magnesium and atherosclerotic changes in hemodialysis patients. 
Nature and Science. 2020;18(3):80-86. Doi: 10.7537/marsnsj180320.09.

	 Alarbagy AR, Mohamed YSY, Zeid MMS, Mohamed HELSK. Study of serum [27]
magnesium level and atherosclerotic changes in patient on maintenance 
hemodialysis. The Egyptian Journal of Hospital Medicine. 2020;81(4):1767-74. 
Doi: 10.21608/ejhm.2020.120008.

	 Gulati Y, Rastogi I, Giri R. Study of role of serum magnesium in preventing carotid [28]
atherosclerosis in chronic kidney diseases patients. Int J Adv Med [Internet]. 
2023;10(5):392-97. Doi: 10.18203/2349-3933.ijam20231075.

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

