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Abstract

Background: One of the most prevalent metabolic disorders and a major
global cause of death and disability is diabetes mellitus. Deficits in both
extracellular and intracellular magnesium are typically found in type 2
diabetes. The objective of our study was to investigate and link the effects of
magnesium, lipid profile, and HbAlc on hypertension in patients with type 2
diabetes mellitus at Rama Medical College. Materials and Methods: A total
of 100 participants have been identified, of which 50 will be recruited as
healthy controls and 50 will be type-2 diabetes patients from the OPD of the
Rama Medical College Hospital. Result: The present study, which indicated
increased TC, TG, VLDL-C, AND LDL-C values in diabetic patients except
HDL-C, it was discovered that 70% of diabetic patients had dyslipidaemia in
hypertension in diabetes patients compared to hypertension in non-diabetes
patients. Conclusion: Significant correlation between magnesium and various
circulating lipid parameters.

INTRODUCTION

Diabetes mellitus is one of the most common

immune reactions.[? Its involvement in cardiac
excitability, gating of calcium ion channels,
transmembrane ion flux and neurotransmitter release
is evident.Bl Cellular magnesium is a crucial

metabolic disorder and leading cause of death and
disability in the world. The incidence of diabetes is
increasing globally and in India as well. W.H.O has
declared India as the global capital of diabetes. In
1997 WHO estimate of the prevalence of the
diabetes in adults showed an expected rise of
>120% from 135 million in 1995 to 300 million in
2025. It has been estimated that 57.2 millions of
Indians will be affected by diabetes by the year
2025.1 Magnesium is second most abundant
intracellular cation and fourth most abundant cation
in the human body that serves as a co-factor for all
enzymatic reactions that require ATP. It is an
essential enzyme activator for neuromuscular
excitability and cell permeability, a regulator of ion
channels and mitochondrial function, a critical
element in cellular proliferation and apoptosis, and
an important factor in both cellular and humoral

cofactor for various enzymes involved in glucose
transport, glucose oxidation, insulin release, and is a
cofactor for ATPase and adenylate cyclase
enzymes.™“ It plays the role of a second messenger
for insulin action; on the other hand, insulin itself is
an important regulatory factor of intracellular
magnesium accumulation. Intracellular Mg plays a
key role in regulating insulin action, insulin-
mediated-glucose-uptake  and  vascular  tone.
Reduced intracellular Mg concentrations result in a
defective tyrosine Kkinase activity, prosecutorial
impairment in insulin action and worsening of
insulin resistance in diabetic patients. A low Mg
intake and an increased Mg urinary loss appear the
most important mechanisms that may favor Mg
depletion in patients with type 2 diabetes.[® Type 2
diabetes is frequently associated with both
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extracellular and intracellular magnesium deficits. A
chronic latent Mg deficit or an overt clinical
hypomagnesemia is common in patients with type 2
diabetes, especially in those with poorly controlled
glycemic profiles.”! Glycosylated Haemoglobin
(HbAL c) results from post translational changes in
the haemoglobin molecule, and their levels correlate
well with glycemic levels over the previous six to
ten weeks. Glycosylation of haemoglobin takes
place under physiological conditions by a reaction
between glucose and N-terminal valine of Beta
chain of Hb molecules.®] The American Diabetes
Association (ADA), European Association for the
Study of Diabetes (EASD) and the International
Diabetes Association (IDF) recommend the use of
HbAlc assay in the diagnosis of T1DM and
T2DM.[F Measurement of  glycosylated
haemoglobin shows a promising approach to
monitor diabetic patient and also provides a
conceptual frame work for the pathogenesis of
secondary sequelae of DM.[9Studies give the
evidence for high prevalence of hypertension in
diabetics comparing to the nondiabetics. Also,
development of type-2 diabetes is more common in
hypertensive patients.[**] Good glycemic control is
most important in management of diabetes mellitus.
Glycated hemoglobin (HbA1c) is a routine test to
monitor their glycemic control. The goal is to
achieve a level below 7%. 1% increase in HbAlc
estimated an increase of diabetic complications by
18%.17 The diabetic patients on glycemic control is
varied from one population to another. The
correlation of HbAlc, lipid profile & magnesium is
conflicting and further studies are needed to
overcome this discrepancy. Also, the correlation
between TG/HDL and insulin resistance is already
explored, but with glycemic control is limited. The
aim of the study was to analyze glycemic control,
lipid profile, magnesium, BP and the correlation of
these parameters. Our aim was to study and
correlate HbAlc, lipid profile and magnesium with
hypertension in type 2 diabetes mellitus patient at
rama medical college.

MATERIALS AND METHODS

Study Settings: This study will be conducted in
department of Biochemistry in association with
Department of Medicine, Rama Medical College
Hospital & Research Centre, Mandhana Kanpur.
Sample from both outpatients and inpatients will be
collected from Rama Medical College Hospital &
Research Centre.

Study Subjects: A total of 100 subjects are
recruited out of which 50 patients with diabetes
mellitus type-2 from OPD of Rama medical college
hospital and 50 age and sex matched healthy
controls will be recruited in the study.

Study Design: Case control study

Study Period: This study will be conducted from
April 2022 to March 2023.

Ethical Clearance: Ethical clearance will be taken

from ethical committee of Rama Medical College

Hospital andResearch Centre.

Specimen Collection & Storage: 5ml of fasting

venous blood sample will be collected with dry

disposable syringe. 3 ml in a plain vial for lipid

profile and 2ml in EDTA containing vial for HbAlc

estimation and under all aseptic conditions after

explaining the procedure to the study

subjects.Serum will be separated by allowing to clot

at room temperature for 15 minutes the

centrifugation at 3500 rpm (rotation per minute) for

15 minutes in the Biochemistry department and

following analysis will be conducted. The serum

will be stored at -20°C until analysis.

Inclusion Criteria

e Subjects between 31-60 years age group will be
considered.

e Those subjects who have been diagnosed to have
diabetes mellitus will be included in study group.
i.e patients with fasting plasma glucose (FPG)
>126 mg/dl and plasma glucose (2 hours-PG) >
200 mg/dl

o Normal healthy persons are taken as controls.

e Patient with h/o of Hypertension.

Exclusion Criteria

o Age group (<31 years or >60) /Pregnant &

Lactating mothers.

Smoking and alcoholic individuals.

Patients with coronary heart disease.

Patients with thyroid Disorders

Patients with chronic renal failure

Patients with pancreatitis

Patients with hepatic diseases

Patients with history of wusing drugs that

significantly affect lipid metabolism.

Study Tool: A pretested questionnaire-based semi

constructed proforma will be used as a study tool to

collect the data including basic profile of

participants i.e age, sex, blood pressure and intake

of diabetes drugs.

Consent: A verbal or written consent will be

obtained from the participants before the sample

collection.

Parameters to be Measure: In the present study

fallowing parameters will be measured:

a) Systolic Blood Pressure (SBP)

b) Diastolic Blood Pressure (DBP)

c) Glycosylated haemoglobin (HbAL1C)

d) Total Cholesterol (TC) Triglycerides (TG)

e) High Density Lipoprotein-Cholesterol (HDL-C)

f) Low Density Lipoprotein -Cholesterol, (LDL-C)

g) Very Low-density Lipoprotein- Cholesterol
(VLDL-C)

The blood sample was allowed to clot at room

temperature for 30 min and sera was obtained after

centrifugation at 3500 rpm (rotation per minute) for

5 minutes in the biochemistry laboratory and stored

at -200 C until assayed.
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RESULTS

The present study entitled as “A study to correlate
HbAlc & Lipid profile & Magnesium with
hypertension in type 2 Diabetes Mellitus patient
attending at Rama Medical college hospital &
Research Centre Kanpur” has been conducted in
department of Biochemistry in collaboration with
the OPD of General Medicine of Rama Medical
College and Research Centre Kanpur. In the present
study total 100 subjects age between 30-75 years
were enrolled as study subject, out of which fifty
hypertension with non-diabetic subject and fifty
hypertension with type-2 diabetes subject diagnosed
of diabetic disease were taken as cases. All the
subjects were subjected to detailed history-taking as
proforma. Test parameters were tabulated as per the
master chart. The results were expressed in terms of
mean+SD. The p value <0.05 was considered as
significant.

Group | = Hypertension with type-2 diabetes
patients

Group Il =Hypertension with non-diabetes patients.

Age wise distribut ion of study subjects

‘ I I
30-35 36-40 41-45 48-50 51-55 56-60

Group-1 Group-2

=

[

= = |
Figure 1: Showing age wise distribution of study
subjects.
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Figure 2.2: Show the scatter plotting indicates positive
correlation between LDL and magnesium in group 1.
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Figure 2.3: Show the scatter plotting indicates negative
correlation between magnesium and VLDL group 1.
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Figure 2.4: Show the scatter plotting indicates negative
correlation between HDL and magnesium in group 1.
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Figure 2.1: Show the scatter plotting indicates negative
correlation between HbAlc and Magnesium in group
I

Figure 2.5: Show the scatter plotting indicates negative
correlation between TG and Magnesium in group |I.
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Figure 2.6: Show the scatter plotting indicates negative
correlation between TC and Magnesium in group .
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Figure 3.4: Show the Scatter plotting indicate positive
correlation between HDL and magnesium in graph I1.
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Figure 3.1: Show the Scatter plotting indicate negative
correlation between HbAlc and magnesium in group
1.
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Figure 3.5: Show the Scatter plotting indicate negative
correlation between VLDL and magnesium in graph
1.

Figure 3.2: Show the Scatter plotting indicate positive
correlation between magnesium and TC in group I1.
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Figure 3.3: Show the Scatter plotting indicate positive
correlation between TG and magnesium in group I1.

Figure 3.6: Show the Scatter plotting indicate positive
correlation between LDL and magnesium in group I1.

Table 1: Shows the comparison of serum HbA1C, Lipid profile and magnesium in diabetic and non-diabetic subject.

Parameter Group-1(Mean +SD) Group-l1(Mean +SD) P-value

Total cholesterol (mg/dl) 194.78+60.07 202.76+70.99 0.29
Triglyceride(mg/dI) 192.26+86.1 158.32+87.79 0.03

LDL-c (mg/dl) 191.54+80.96 182.8+80.25 0.31

HDL-c (mg/dl) 50.66+8.16 49.86+7.85 0.44

VLDL-c (mg/dl) 39.26+1.79 31.46+17.62 0.01
Magnesium(mg/dl) 0.66+0.50 0.80+0.49 0.06

HbAIc (%) 8.56+1.20 4.4120.70 <.0001

DISCUSSION college Hospital and Research center, Mandhana,

The present study was conducted among men and
women in the age group of 30-60 years diagnosed
case with Hypertension in type 2 diabetic mellitus
and Hypertension in non-diabetic patients attending
the OPD of medicine department at Rama medical

Kanpur. A total of 50 cases and 50 controls were
included in this study.

Comparison of serum HbA1C between hypertension
in diabetic patients and hypertension in non-diabetic
patients.
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According to [Tablel] comparison of serum HbAlc
between hypertension in diabetes patients and non-
diabetes patients showed mean value of case &
control i.e 8.5 & 4.4 respectively are significant and
mean value of HbAlc in case study was reported
higher where as in control study let reported as
normal value. Hbalc is formed by non enzymatic
glycation of hemoglobin in my study according to
Table-1mean value of HbAlc of group 1 and group
2 were 8.56x1.20 and 4.41+0.70 similar finding
were reported by P.Murliswaran et at.

Comparison of serum magnesium between
hypertension in diabetic patients and hypertension in
non-diabetic patients.

According to [Tablel] comparison of serum
magnesium between hypertension in diabetes
patients and non-diabetes patients showed mean
value of both case & control observed lower value
as we compare reference range. the p value of case
&control is not significance. Arpaci et al., Corica et
al. found similar finding in their respective study.
Comparison of serum VLDL between hypertension
in diabetic patients and hypertension in non-diabetic
patients.

According to [Tablel], comparison of serum VLDL
between hypertension in diabetes patient &
hypertension in non-diabetes patients. There mean
shows that case and control both comes under the
normal reference range. They both are significant
p<0.50. This is unlike the findings of Jain HL.R et
al.[23l

Comparison of triglyceride between hypertension in
diabetic patients and hypertension in non-diabetic
patients.

According to [Tablel] comparison of serum TG
between hypertension in diabetes patients and non-
diabetes patients showed mean value of case &
control i.e. 19226 & 158.32 respectively are
significant and mean value of TG in case study was
reported higher than control study, in control study
reported come normal. They both are significant
p<0.50. siwei Chen and Wenkecheng et al. observed
similar finding in their respective study.

Comparison of HDL between hypertension in
diabetic patients and hypertension in nondiabetic
patients.

According to [Tablel] comparison of serum HDL
between hypertension in diabetes patients and non-
diabetes patients showed mean value of case &
control i.e. 50.66 & 50.86 respectively are not
significant and mean value of HDL in case &
control study was reported both are come normal
reference range. They both are significant p<0.50.
Arora RI, Thakurdas B2 observed similar matched
in their respective study.

Comparison of LDL between hypertension in
diabetic patients and hypertension in nondiabetic
patients.

According to [Tablel] comparison of serum LDL
between hypertension in diabetes patients and non-
diabetes patients showed mean value of case &
control i.e 191.54 & 182.8 respectively are not

significant and mean value of LDL in case & control
study was reported higher than normal reference
range.This is similar the findings of Akintunde,
Lepira et al. and Kesteloot et al.

Comparison of TC between hypertension in diabetic
patients and hypertension in nondiabetic patients.
According to [Tablel] comparison of serum TC
between hypertension in diabetes patients and non-
diabetes patients showed mean value of case &
control i.e 194.78 & 202.76 respectively are not
significant and mean value of TC in case & control
study was reported both are come normal reference
range. They both are significant p<0.50.This is
unlike the findings of Akintunde, Lepira et al. and
Kesteloot et al. who reported that the TC, TG, and
LDL-C of newly diagnosed hypertensive patients
did not differ significantly from that of control
subjects, though the newly diagnosed hypertensive
tended to have a higher level of LDL-C, TG, TC. In
my present study observed that the correlation
between HbAlc and magnesium, VLDL and
magnesium, HDL and magnesium, TG and
magnesium, TC and magnesium was negative only
LDL and magnesium was positive in group-1.Mario
Barbagallo* and Ligia J. Dominguez et al. found
similar finding in their respective study. In my
present study observed that the correlation between
Hbalc and magnesium, VLDL and magnesium, was
negative, & TC and magnesium, TG and
magnesium, HDL and magnesium, LDL in
magnesium was positive in group-1. Similar
findings were obtained in the CARDIA study,
during a 20-year follow-up, which also confirmed
the reverse relationship of dietary Mg with
inflammation markers We found that significantly
higher proportion (78.8%) of patients having HbAlc
>7% had hypomagnesemia as compared to those
having HbAlc <7% in which 21.2% had
hypomagnesemia. In addition, there was a
significant negative correlation between S. Mg and
HbAlc level (r = —0.499, P = 0.001), which is
similar to study by Aksit et al. (r = 0.332, P < 0.001
respectively) and Yossef et al, (r = 0.569, P <
0.0001 respectively). In other studies, Wahid et al.
and Kumar et al reported significant difference in
HbAlc values of diabetics with low and normal
magnesium levels (P < 0.0001). Aksit et al, yossef et
al. observed similar finding in their respective
study.Naresh kumar Jha; study of lipid profile &
electrolyte level in diabetes, study showed that a
physically active lifestyle is associated with a lower
incidence of type-2 diabetes. Akinkughbe et al
reported in a study that the prevalence of diabetic is
more in people who are engaged in light physical
activity work, Nyenwe et al study revealed that, less
physical activity was significantly associated with
increased risk for DM.*S] Abebe et al reported in a
study inactivity were significantly associated with
diabetes mellitus. Similar findings were reported by
Arpaci et al,'l Corica et al,l”1 and Corsonello et
al,'® who found that diabetic patients with
microalbuminuria or clinical overt proteinuria
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showed a significantly low S. Mg compared to
normoalbuminuria group. However, no significant
difference was observed in odds of finding
hypomagnesemia among patients with neuropathy
as compared to those without (P > 0.05). Essential
hypertension accounts for the majority of
hypertension in individuals with  diabetes,
particularly those with Type-2 diabetes, who
constitute more than 90% of people with a dual
diagnosis of diabetes and
hypertension.[*lincomparison study by
santoshgosavi,® sherwani et al,?!IRosmee and
Shyamalkoley,? clinical data analysis 70% diabetic
patients were found to have dyslipidemia in
hypertension in diabetes patients than hypertension
in non-diabetes patient founding in agreement with
the previous studies; who reported higher TC, TG,
VLDL-C AND LDL-C values in diabetic patients
except HDL-C. In diabetes, the body either fails to
properly respond to its own insulin or does not make
enough insulin, or both. This causes glucose to
accumulate in the blood, often leading to various
complications.’®! This result from absolute or
relative impairment in insulin action or both,? also
have disorder in fat metabolism as a result of obesity
and abnormal insulin action, hypertension, elevated
cholesterol (combined hyperlipidemia), and with the
condition often termed metabolic syndrome.?! In
normoglycemic subjects, a carbohydrate moiety is
attached to a small proportation of hemoglobin A,
thus creating what is as called as glycosylated or
glycated hemoglobin. It has three distinct fraction:
Ala, Alb and Alc. The Alc fraction accounts for
60% of bound glucose. Non-diabetic individuals
have HbAlc values in the range of 3-6%.

CONCLUSION

From my study there is a significant correlation
between magnesium and various circulating lipid
parameters. In the present study a significant
difference in lipid parameters in two group’s is
<7.0%>7.0% of HbAlc. This may indicate that
HbAlc can be used as a potential biomarker for
hypertension patients with type-2 diabetic mellitus
in addition to glycemic control. Hence, early
diagnosis can be accomplished through relatively
inexpensive blood testing and may be utilized for
screening high-risk patients with DM for timely
intervention with lipid lowering drugs. The
glycemic control of the patients has got a strong
impact on the serum lipid profile levels and
atherosclerosis, CVD and CHD including heart
attack and stroke. Patients should be educated about
regular monitoring of lipid profiles and if found to
be abnormal, should control blood glucose and
cholesterol very effectively. Thus, my present study
clearly added value of HbAlc can be monitoring
long-term glycemic control and as an indirect
indicator of dyslipidemia in Type 2 diabetic
patients. Furthermore, magnesium being directly

correlated with HbAlc and lipid profile except
HDLC and may be potential indirect predictor of
CVD risk in type 2 DM, though future prospective,
cohort studies should be done in larger diabetic
populations to further confirm this.
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