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ABSTRACT

BACKGROUND
We wanted to evaluate the association of serum magnesium with diabetes mellitus and serum lipid profile and its microvascular
complications.

METHODS

90 participants (30 DM with microvascular complications, 30 DM without microvascular complications and 30 controls) aged 40
to 80 years were enrolled in the present cross-sectional study. Hypertensives, alcoholics, participants with diarrhoea and history
of drug use (digoxin, corticosteroids etc.) were excluded. History, physical examination findings, biochemical parameters, ECG
findings, nerve conduction study and ophthalmoscopic examination findings were collected. Tests of significance were ANOVA,
independent sample 't’ test, Kruskal Wallis test, Mann Whitney U test and Chi-square test. p<0.05 was considered statistically
significant.

RESULTS

Significantly lower serum magnesium was observed among participants with neuropathy (p<0.001), nephropathy (p<0.001)
and retinopathy (p<0.001) and among diabetics without family history of DM (p=0.02). No association of ADA glycaemic goal
and serum magnesium was observed. Significant association of serum magnesium with TC (p<0.001; OR: 9.5, 95% CI 2.7-
33.9), serum LDL (p<0.001; OR: 0.01, 95% CI 0.002-0.1), retinopathy (p=0.03; OR: 0.2, 95% CI 0.04-0.9), nephropathy
(p=0.001; OR: 0.1, 95% CI 0.03-0.4) was observed.

CONCLUSIONS

There is a linear relationship between duration of DM and serum magnesium, severe hypomagnesaemia among participants
with microvascular complications. Participants with hypomagnesaemia had significantly higher blood glucose, urea, serum
creatinine, total cholesterol, low density lipoprotein and triglycerides. No association between ADA glycaemic control and serum
magnesium was observed. Further studies are required to evaluate the pathophysiological role of magnesium in DM and diabetes
dyslipidaemia.
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BACKGROUND

Diabetes mellitus (DM) is a heterogeneous metabolic
disorder characterized by the presence of hyperglycaemia
due to impairment of insulin secretion, defective action of
insulin or both.! Global burden of DM is estimated to be in
415 million adults?, and India stands tall in the second place
in regard with the burden of disease with an overwhelming
69.2 million diabetics and 36.5 million prediabetics.?> The
Indian prevalence of DM ranges from 2.2-9.2% in rural and
5-18.6% in urban population.*0 Serum electrolyte
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disturbances are common in patients with type 2 diabetes
mellitus (T2DM) and is attributable to hyperglycaemia
induced osmotic fluid shifts or due to the deficit in body
fluids due to osmotic diuresis.!* Serum magnesium has been
reported as strong independent predictors of the
development of T2DM and its complications.!2:13
Magnesium is an electrolyte of physiological
importance, which is the 4" most abundant cation in human
body, 2" most abundant intracellular ion, and the most
abundant intracellular divalent cation.'* 11-47.7% incidence
of hypomagnesaemia has been reported among diabetics!™
19 and an inverse relationship between dietary magnesium
consumption and incidence of DM has been reported.?
Contradicting reports of association of serum lipids and
magnesium?.22 and the role of magnesium in the
development of microvascular complications of DM has not
been clearly elucidated.?? Also the association of urine sugar
and albumin with serum magnesium requires further
exploration. Recent studies have demonstrated that serum
magnesium is associated with chronic  diabetic
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complications, including cardiovascular diseases,?*2>
diabetic retinopathy?® and diabetic nephropathy,?’

Hypomagnesaemia is correlated with presence of foot
ulcers?® and diabetic peripheral neuropathy,?30 but the
relationship between them remains controversial. Hence the
present study was conducted to evaluate the association of
serum magnesium with DM, microvascular complications of
DM, serum lipids, glycosuria and albuminuria.

METHODS

Our cross-sectional study enrolled 90 participants aged 40
to 80 years, 30 diabetics with microvascular complications
(retinopathy and or nephropathy and or neuropathy), 30
diabetics without evidence of microvascular complications
and 30 age and gender matched non diabetic controls
presenting to Department of General Medicine, NSCB
Medical College and hospital Jabalpur. Diabetes was
diagnosed using ADA diagnostic criteria,?! both type 1
(T1DM) and type 2 diabetes (T2DM) were enrolled in the
study. Hypertensives, alcoholics, participants with diarrhoea
and history of use of diuretics, digoxin, corticosteroids,
penicillamine and cholestyramine were excluded. Data was
collected in semi structured case record forms which
included history, physical examination findings and
biochemical parameters (haemoglobin, fasting plasma
glucose (FPG), 2 hour post prandial glucose (2h-PPG), blood
urea, serum creatinine, serum magnesium, urine sugar,
urine ketones, proteinuria and serum lipid profile), ECG
findings, results of nerve conduction study and results of
ophthalmoscopic examination. Urine microalbuminuria was
detected using Micral test and serum magnesium was
estimated using Magnesium estimation kit RANDOX® with
the minimum detectable concentration of serum magnesium
of 0.68 mg/dL. Lipids were categorized according to ATP III
guidelines®? and serum magnesium < 1.6 mg/dL33 was
considered as low levels. Normality of distribution of
parameters were assessed using Shapiro wilk test. Normally
distributed nominal parameters are expressed as mean
(standard error of mean (SEM)), not normally distributed
nominal parameters as median (interquartile range (IQR))
and as frequencies for categorical variables. Values are
rounded off to nearest decimal point and analysed using free
software R®. Tests of significance for quantitative variables
were ANOVA & independent sample't’” test (normal
distribution), Kruskal Wallis test & Mann Whitney U test
(non-normal distribution) and Chi-square test was used for
qualitative variables. A p<0.05 was considered statistically
significant.
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RESULTS

The median age of diabetic participants were 53.5 (45-60)
years. 25 (83.3%) diabetics were females. The median
duration of diabetes was 9.5 (5-12) years, median FPG and
2-h PPG were 160 (142.5-183) and 266.5 (237-310) mg/dL
respectively. The median blood urea and serum creatinine
were 36 (27.3-42) and 1.4 (1.1-1.6) mg/dL respectively. The
median total cholesterol (TC), low density lipoprotein (LDL)
and serum triglycerides (TG) among diabetic participants
were 208.5 (184.3-222), 138.5 (112-151.8) and 138 (128-
148) mg/dL respectively and the mean serum HDL among
diabetics was 43.3 (0.8) mg/dL. The median serum
magnesium among diabetic participants were 1.4 (0.6-1.6)
mg/dL. Our study did not detect any association between
type of DM and microvascular complications (p=0.2). Among
controls, 2 (6.7%) participants had prediabetes. Baseline
parameters of the study participants are demonstrated in
table 1 and comparison of baseline parameters between
groups is demonstrated in table 2.

Characteristic N=90
Median Age (IQR)- yrs. 54 (45-60)
Female Sex- no. (%) 35 (39.9)
Median Duration of Diabetes (IQR)- yrs. 5(0-11)

Median FPG (IQR)- mg/dL
Median 2-h PPG (IQR)- mg/dL

143 (94-168)
238 (128-286)

Median Blood Urea (IQR)- mg/dL 29 (24-37)
Median Serum Creatinine (IQR)- mg/dL | 1.2 (0.8-1.4)

i 129.5
Median Serum TG (IQR)- mg/dL (119.5-142)
Mean Serum HDL (SEM)- mg/dL 44.7 (0.6)

) 117.5
Median Serum LDL (IQR)- mg/dL (106-147)
Median Serum TC (IQR)- mg/dL 186

9 (173.5-216.3)
Median Serum Magnesium- mg/dL 1.6 (0.9-1.9)

Table 1. Baseline Parameters
of Study Participants

Among the participants  with  microvascular
complications, all had nephropathy (100%), 19 (63.3%) had
retinopathy and 12 (40%) had neuropathy. Comparison of
baseline parameters between participants with and without
hypomagnesaemia is demonstrated in table 3. No
association between serum magnesium and type of DM was
observed (p=0.1).

Characteristics Group 1 (N=30) Group 2 (N=30) Control (N=30) P

Median Age (IQR)- yrs. 55 (40-70) 52.5 (35.5-69.5) 55.5 (41.5-69.5) 0.6

Female Sex- no. (%) 12 (40) 13 (43.3) 10 (33.3) 0.7
Median Duration of Diabetes (IQR)- yrs. 12 (8-16) 5(2-8) - <0.001*
Median FPG (IQR)- mg/Dl 169 (113-225) 149 (121-177) 92 (81-103) <0.001**
Median 2-h PPG (IQR)- mg/dL 280 (207-353) 254 (184-324) 115 (90-140) <0.001t
Median Blood Urea (IQR)- mg/dL 42 (25-59) 28 (18-38) 24 (18-30) <0.001*%
Median Serum Creatinine (IQR)- mg/dL 1.4 (0.68-2.12) 1.34 (0.96-1.72) 0.76 (0.43-1.09) <0.001t
Median Serum TG (IQR)- mg/dL 140 (122-158) 137 (113-161) 112 (91-133) <0.001t
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Mean Serum HDL (SEM)- mg/dL 43.3 (1) 43.2 (1.2) 47.5 (1) 0.004+

Median Serum LDL (IQR)- mg/dL 151.5 (138.5-164.5) 113 (88-138) 105 (90-120) <0.001*%

Median Serum TC (IQR)- mg/dL 220.5 (205.5-235.5) | 185.5 (158.5-212.5) 171 (154-188) <0.001*+
Median Serum Magnesium (mg/dL) 0.62 (0.3-0.95) 1.6 (1.4-1.8) 2.2 (1.6-2.8) <0.001*t

Table 2. Comparison of Baseline Parameters Between Groups

and controls using one-way ANOVA.

*indicates significant difference between diabetics with and without microvascular complications using Mann Whitney U test,
T indicates significant difference between groups using Kruskal-Wallis test, # indicates significant difference between diabetics

Characteristic Hypomagnesaemia (N=42) | Normal Serum Mg (N=48) p

Median Age (IQR)- yrs. 53 (38-68) 54.5 (40.5-68.5) 0.4
Median Duration of Diabetes (IQR)- yrs. 10.5 (3.5-17.5) 6 (2-10) 0.001*

Female Sex- no (%) 17 (40.5) 18 (37.5) 0.8
Median FPG (IQR)- mg/dL 155 (111-199) 96 (30-162) <0.001*
Median PPG (IQR)- mg/dL 274 (199-349) 129.5 (0-262.5) <0.001*
Median Serum Urea (IQR)- mg/dL 36 (17-55) 26.5 (17.5-35.5) <0.001*
Median Serum Creatinine (IQR)- mg/dL 1.4 (0.8-2) 0.9 (0.4-1.4) <0.001*
Median Serum TG (IQR)- mg/dL 141 (121-161) 120 (93-147) <0.001*

Mean Serum HDL (SEM)- mg/dL 44.4 (0.9) 44.9 (0.9) 0.7
Median Serum LDL (IQR)- mg/dL 147 (124-170) 108 (92-124) <0.001*
Mean Serum TC (IQR)- mg/dL 215.5 (190.5-240.5) 175 (154-196) <0.001*

Table 3. Comparison of Parameters Between Participants Based on Serum Magnesium

* indicates significant difference between groups using Mann Whitney-U test.

Serum
Characteristic N | Magnesium P
(mg/dL)
) Yes 19 | 0.7 (0.6-0.9)
R h .001*
etinopathy g o171 [ 1.7 (152.1) | ~>:%
Yes 30 | 0.6 (0.5-0.9)
Neph h .001*
ephropathy 8 %0 1.8 (1.62.2) | >0
Yes 12 | 0.8(0.6-1)
N h .001*
europathy =\ 178 [ 1.7 (1.42) | 2%
Family Yes 31| 1.5(0.8-1.6)
History of DM 0.02%
Among No 29 | 0.9 (0.6-1.5)
Diabetics
TiDM | 10 | 0.9 (0.6-1.5)
Type of DM -Il-\lzoDnM >0 | 14(0.7-1.6) <0.001%
Diabetic 30 | 2.2 (1.6-2.8)

Table 4. Comparison of Serum
Magnesium Levels Between Groups
*indicates significant difference between groups using
Mann Whitney U test, Tindicates significant difference
between groups using Kruskal Wallis test probably
indicating difference with controls since no significant
difference was observed between T1DM and T2DM

(p=0.2).

ADA Glycaemic Goal Serun-1
Among Diabetics N | Magnesium | P
(mg/dL)

Yes | 5 | 0.8 (0.6-1.6)
No |55 1.4(0.6-1.6)
Yes | O -
PPG <180 mo/dL N T 60 [ 1.4 (0.6:1.6) |
FPG <130 & PPG Yes | O -
<180 mg/dL No | 78 | 1.4 (0.6-1.6)
Table 5. Comparison of Serum Magnesium in
Participants Attaining ADA Glycaemic Control
* Mann Whitney U test could not be performed since none
of the diabetic participants attained post prandial
glycaemic control and both fasting and postprandial
glycaemic control.

FPG < 130 mg/dL

The median duration of DM was 9.5 (5-12 years) and
significantly higher duration of DM was observed among
participants with microvascular complications (p<0.001).
Significantly higher proportion of participants with
microvascular complications had symptoms associated with
diabetes such as visual disturbance (p=0.001), oedema
(p<0.001), tingling, numbness and hyperesthesia
(p=0.005). Significant association of serum LDL with the
study groups (p<0.001) was observed probably indicating
higher proportion of diabetics with microvascular
complications with elevated serum LDL or higher proportion
of controls with normal serum LDL. Significant association of
serum HDL with the study groups observed (p=0.01)
probably indicating the higher proportion of diabetics
without microvascular complication with reduced serum
HDL. Significant association of serum TG with the study
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groups was observed (p<0.001) probably indicating higher
proportion of diabetics with microvascular complications
with elevated serum TG. Significant association of serum TC
and the study groups was observed (p<0.001) probably
indicating that none of the controls had elevated serum TC.

No association of serum magnesium with serum HDL
(p=0.5), serum TG (p=0.8), family history of DM (p=0.1),
gender (p=0.8) and urine ketones (p=0.09) was observed.
No association between serum magnesium and serum LDL
among diabetics was observed (p=0.5).

Significant association between serum magnesium and
TC was observed among study participants (p<0.001; OR:
31.5, 95% CI 9.7-103) and among diabetics (Table 6). No
association of serum magnesium with neuropathy (p=0.07)
and type of DM was observed. Association of serum
magnesium with serum LDL, retinopathy, nephropathy,
urine sugar and urine albumin are demonstrated in table 7-
11 respectively.

Hypomagnesaemia Normal serum
Serum TC ypP (N242) Magnesium
B (N=18)
Elevated
(N=38) 33 5
Normal
(N=22) 9 13
Table 6. Association of Serum TC
with Serum Magnesium Among Diabetics

Significant association was observed between groups
(p<0.001; OR: 9.5, 95% CI 2.7-33.9) indicating 9.5 Odds of
encountering elevated serum TC among participants with
hypomagnesaemia.

. Normal serum

Serum | Hypomagnesaemia Magnesium

LDL (N=42) (N=48)
Normal
(N=32) ! 31
Elevated
(N=58) 41 17

Table 7. Association of Serum LDL with Serum

Magnesium Among Study Participants

Significant association was observed between groups
(p<0.001; OR: 0.01, 95% CI 0.002-0.1) indicating 0.01
Odds of encountering normal serum LDL among participants
with hypomagnesaemia.

encountering participants without

Original Research Article

participants with hypomagnesaemia.

retinopathy among

Normal
Hypomagnesaemia Serum
Nephropathy (N=42) Magnesium

(N=18)
No (N=30) 15 15
Yes (N=30) 27 3

Table 9. Association of Nephropathy with
Serum Magnesium Among diabetics

Significant association was observed between groups
(p=0.001; OR: 0.1, 95% CI 0.03-0.4) indicating 0.1 Odds of
encountering participants without nephropathy among
participants with hypomagnesaemia.

Normal
Urine Hypomagnesaemia Serum
Sugar (N=42) Magnesium
(N=48)
Nil (N=32) 2 30
1+ (N=14) 10 4
2+ (N=30) 21 9
3+ (N=14) 9 5
Table 10. Association of Urine Sugars with
Serum Magnesium Among Study Participants

Significant association was observed between groups
(p=0.001) probably indicating the higher proportion of

Normal
. Hypomagnesaemia serum
Retinopathy (N=42) Magnesium
(N=18)
No (N=41) 25 16
Yes (N=19) 17 2
Table 8. Association of Retinopathy
with Serum Magnesium Among Diabetics

Significant association was observed between groups
(p=0.03; OR: 0.2, 95% CI 0.04-0.9) indicating 0.2 Odds of
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participants without urine sugar with normal serum
magnesium.
Normal
B . Hypomagnesaemia Serum
Urine Albumin (N=42) Magnesium
(N=48)
Nil (N=60) 15 45
1+ (N=5) 1
2+ (N=1) 1 0
Microalbuminuria
(N=24) 22 2
Table 11. Association of Urine Albumin
with Serum Magnesium Among Study
Participants

Significant association was observed between groups
(p<0.001) probably indicating the higher proportion of
participants with hypomagnesaemia with microalbuminuria.

DISCUSSION

30 diabetics with microvascular complications, 30 diabetics
without microvascular complications and 30 non diabetic
participants were enrolled in our cross-sectional study. The
median age of study participants and diabetics were similar
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(~54 years), which is reasonably higher compared to the
recent literature suggesting an increasing trend of detecting
DM among younger individuals.3* This could be explained on
the basis of the time period this study was conducted in
(2005-2008) which was during the early phase of the
diabetic epidemic. This could also be due to the lower
awareness, stigma, religious practices and deficiencies in
health care sector causing delay in detection of DM. ~ 60%
of diabetics were males which contradicts previous reports
from North India.3>36 Though a linear relationship between
gender and DM has not been observed, males are at higher
risk of developing DM due to a complex interplay between
environmental, social and genetic factors.3” The median age
of microvascular complications was 55 years which is self-
explanatory since microvascular complications are strongly
linked to the duration of hyperglycemia,® which could also
explain the longer duration of DM among participants with
microvascular complications.

The FPG among participants with microvascular
complications was significantly higher than participants
without microvascular complications and controls. As DM
progresses, the glycaemic control reduces due to the
pancreatic B cell failure and subsequent apoptosis?® results
in development of microvascular complications which
explains the finding. Participants with microvascular
complications had significantly higher serum urea compared
to other groups, which could be due to higher proportion of
participants with pre-existing nephropathy in group 1 or
could be due to unidirectional association of blood urea
nitrogen and incident DM.*® Serum creatinine was
significantly higher among diabetics which could be due to
the microvascular damage among diabetics due to reduced
cellular growth, reduction in growth factors, extracellular
matrix production and elevated nephrotoxic substances (e.g.
transforming growth factor —B).* Serum TG were
significantly higher among diabetics, which has been
described as a typical finding of diabetes dyslipidemia*? due
to the reduced activity of lipoprotein lipase in muscles and
adipocytes reducing catabolism of TG* coupled with
increased lipolysis cause increased synthesis of TG by liver
caused by the high circulating levels of non-esterified free
fatty acids. Reduction in catabolism of very low density
lipoprotein (VLDL) and loss of inhibitory effect of insulin on
VLDL secretion results in secretion of triglyceride rich
VLDL.*? Significantly higher HDL was observed among non-
diabetics which is an explainable finding since diabetes
dyslipidaemia cause reduced HD due to augmentation of
activity of HDL catabolizing enzymes coupled with increased
levels of serum TG.*4* Serum LDL and TC were significantly
higher among participants with microvascular complications
which is probably due to the reduction in LDL receptors due
to reduced plasma insulin leading to reduced catabolism.*>-
47 The elevations in serum LDL and TG cause an elevation in
TC.%8

Serum magnesium was significantly low among
diabetics compared to non-diabetic controls and was lower
in participants with microvascular complications. Magnesium
act as a calcium antagonist and reduction in magnesium
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increases the levels of intracellular calcium causing reduced
response of skeletal muscles and adipocytes to insulin
causing insulin resistance.?! Intracellular magnesium exerts
a regulatory role in insulin action and insulin-dependent
glucose uptake. Reduction in intracellular magnesium
reduces tyrosine-kinase activity subsequently causing insulin
resistance.?! Insulin deficiency and resistance can effect
tubular reabsorption of magnesium.2! Other pathogenic
mechanisms to be evaluated include the role of oxidative
stress and antioxidant effects of magnesium and the
influence of magnesium on Na*/K*-ATPase and its role in
microangiopathy. Our study also demonstrated a linear
relationship between hypomagnesaemia and duration of
diabetes. Significantly higher FPG and 2-h PPG among
participants with hypomagnesaemia was observed in our
study which could also be explained on the basis of the
previously described pathophysiology. We observed a
significantly lower serum magnesium among participants
with microvascular complications. Hypomagnesaemia has
been reported as a predictor in development and
progression of retinopathy,*  diabetic  peripheral
neuropathy®® and end stage renal disease associated with
T2DM5! though clarity of the direction of association still
remains unclear. Diabetics with family history of DM were
having significantly higher serum magnesium which requires
further evaluation on larger samples. Significantly lower
serum magnesium was observed among participants with
T1DM which is contrary to previous findings that describe
hypomagnesaemia to be associated with T2DM.!*> Studies
demonstrating  association between TIDM  and
hypomagnesaemia are scarce since T1DM is associated with
better glycaemic control and at a lower risk of developing
hypomagnesaemia.?! The exact relationship of serum
magnesium and T1DM needs to be evaluated in larger
samples. No significant difference in serum magnesium
among participants who attained and did not attain ADA
glycaemic goal for FPG was observed questioning the
relationship between glycaemic control and serum
magnesium.>2

Significant association of serum magnesium with serum
LDL and TC was observed with lower Odds of encountering
hypomagnesaemia among participants with normal serum
LDL and higher Odds of encountering hypomagnesaemia
among participants with elevated TC. Magnesium
supplementation in diet reduces TC, LDL-C and elevates
serum HDL-C>3 but the association of serum magnesium
with HDL-C was not observed. Significant association of
serum magnesium with nephropathy and retinopathy with
lower Odds of encountering hypomagnesaemia among
participants without nephropathy and retinopathy was
observed. Hypomagnesaemia has been previously described
as a predictor for end stage renal disease and progression
of retinopathy.>! Significant association between urine sugar
and hypomagnesaemia was observed probably indicating
higher proportion (93%) of participants without glycosuria
with normal serum magnesium. Significant association
between urine albumin and serum magnesium was observed
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indicating higher proportion of participants with 2+ urine
proteins and micro albuminuria who had hypomagnesaemia.

CONCLUSIONS

Our study demonstrated a linear relationship between
duration of DM and serum magnesium. Participants with
hypomagnesaemia had significantly higher FPG, 2-h PPG,
blood urea, serum creatinine, TC, LDL, and TG. Participants
with microvascular complications had significantly lower
serum magnesium. No association between ADA glycaemic
control and serum magnesium was observed. Further
studies are required to evaluate the pathophysiological role
of magnesium in DM and diabetes dyslipidaemia.

REFERENCES
[1] Paneni F, Cosentino F. Epidemiology, definition, and
diagnosis of diabetes mellitus. In: Paneni F, Cosentino
F, eds. Diabetes and cardiovascular disease. Springer

International Publishing 2015:3-12.
http://link.springer.com/10.1007/978-3-319-17762-
5.1

[2] Herman WH. The global burden of diabetes: an
overview. In: Dagogo-Jack S, ed. Diabetes mellitus in
developing countries and underserved communities.
Springer International Publishing 2017:1-5.
https://doi.org/10.1007/978-3-319-41559-8_1

[3] Overview of Diabetes Burden. National Health Portal of
India. https://www.nhp.gov.in/overview-of-diabetes-
burden_mtl

[4] Ramachandran A, Mary S, Yamuna A, et al. High
prevalence of diabetes and cardiovascular risk factors
associated with urbanization in India. Diabetes Care
2008;31(5):893-898.

[5] Ramachandran A, Snehalatha C, Kapur Aet al. High
prevalence of diabetes and impaired glucose tolerance
in India: National Urban Diabetes Survey. Diabetologia
2001;44(9):1094-1101.

[6] Ramachandran A, Jali MV, Mohan V, et al. High
prevalence of diabetes in an urban population in south
India. BMJ 1988;297(6648):587-590.

[7] Ramachandran A, Snehalatha C, Latha E, et al.
Impacts of urbanisation on the lifestyle and on the
prevalence of diabetes in native Asian Indian
population. Diabetes Res Clin Pract 1999;44(3):207-
213.

[8] Ramachandran A, Snehalatha C, Latha E, et al. Rising
prevalence of NIDDM in an urban population in India.
Diabetologia 1997;40(2):232-237.

[9] Ramachandran A, Snehalatha C, Baskar AD, et al.
Temporal changes in prevalence of diabetes and
impaired glucose tolerance associated with lifestyle
transition occurring in the rural population in India.
Diabetologia 2004;47(5):860-865.

[10]Ramachandran A, Snehalatha C, Dharmaraj D, et al.
Prevalence of glucose intolerance in Asian Indians.
Urban-rural difference and significance of upper body
adiposity. Diabetes Care 1992;15(10):1348-1355.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 6/Issue 15/April 15, 2019

Original Research Article

[11]Palmer BF, Clegg DJ. Electrolyte and acid-base
disturbances in patients with diabetes mellitus. N Engl
J Med 2015;373(6):548-559.

[12]Hruby A, Meigs JB, O'Donnell CJ, et al. Higher
magnesium intake reduces risk of impaired glucose
and insulin metabolism and progression from pre-
diabetes to diabetes in middle-aged Americans.
Diabetes Care 2014;37(2):419-427.

[13]1Dong JY, Xun P, He K, et al. Magnesium intake and risk
of type 2 diabetes: meta-analysis of prospective cohort
studies. Diabetes Care 2011;34(9):2116-2122.

[14]Barbagallo M, Dominguez LJ. Magnesium metabolism
in type 2 diabetes mellitus, metabolic syndrome and
insulin  resistance.  Arch Biochem Biophys
2007;458(1):40-47.

[15]Dasgupta A, Sarma D, Saikia UK. Hypomagnesemia in
type 2 diabetes mellitus. Indian J Endocrinol Metab
2012;16(6):1000-1003.

[16] Corsonello A, Ientile R, Buemi M, et al. Serum ionized
magnesium levels in type 2 diabetic patients with
microalbuminuria or clinical proteinuria. Am J Nephrol
2000;20(3):187-192.

[17]1Pham PC, Pham PM, Pham SV, et al. Hypomagnesemia
in patients with type 2 diabetes. Clin J Am Soc Nephrol
2007;2(2):366-373.

[18]Allegra A, Corsonello A, Buemi M, et al. Plasma,
erythrocyte and platelet magnesium levels in type 1
diabetic patients with microalbuminuria and clinical
proteinuria. J Trace Elem Med Biol 1997;11(3):154-
157.

[19]Pickup JC, Chusney GD, Crook MA, et al
Hypomagnesaemia in IDDM  patients  with
microalbuminuria and clinical proteinuria. Diabetologia
1994;37(6):639.

[20]Kim DJ, Xun P, Liu K, et al. Magnesium intake in
relation to systemic inflammation, insulin resistance,
and the incidence of diabetes. Diabetes Care
2010;33(12):2604-2610.

[21]Arpaci D, Tocoglu AG, Ergenc H, et al. Associations of
serum Magnesium levels with diabetes mellitus and
diabetic complications. Hippokratia 2015;19(2):153-
157.

[22]Mahalle N, Kulkarni MV, Naik SS. Is hypomagnesaemia
a coronary risk factor among Indians with coronary
artery disease? ] Cardiovasc Dis Res 2012;3(4):280-
286.

[23]Paolisso G, Tirelli A, Coppola L, et al. Magnesium
administration reduces platelet hyperaggregability in
NIDDM. Diabetes Care 1989;12(2):167-168.

[24]Fang X, Wang K, Han D, et al. Dietary magnesium
intake and the risk of cardiovascular disease, type 2
diabetes, and all-cause mortality: a dose-response
meta-analysis of prospective cohort studies. BMC Med
2016;14(1):210.

[25]Chonchol M, Dale R, Schrier RW, et al. Serum
phosphorus and cardiovascular mortality in type 2
diabetes. Am J Med 2009;122(4):380-386.

Page 1182


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahalle%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23233771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulkarni%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=23233771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naik%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=23233771
https://www.ncbi.nlm.nih.gov/pubmed/23233771
https://www.ncbi.nlm.nih.gov/pubmed/27927203

Jebmh.com

[26]Lu J, Gu Y, Guo M, et al. Serum magnesium
concentration is inversely associated with albuminuria
and retinopathy among patients with diabetes. J
Diabetes Res 2016;2016:1260141.

[27]Chen H, Li X, Yue R, et al. The effects of diabetes
mellitus and diabetic nephropathy on bone and mineral
metabolism in T2DM patients. Diabetes Res Clin Pract
2013;100(2):272-276.

[28]Rodriguez-Moran M, Guerrero-Romero F. Low serum
magnesium levels and foot ulcers in subjects with type
2 diabetes. Arch Med Res 2001;32(4):300-303.

[29]Hyassat D, Al Sitri E, Batieha A, et al. Prevalence of
hypomagnesaemia among obese type 2 diabetic
patients attending the national center for diabetes,
endocrinology and genetics (NCDEG). Int J Endocrinol
Metab 2014;12(3):e17796.

[30]Chu C, Zhao W, Zhang Y, et al. Low serum magnesium
levels are associated with impaired peripheral nerve
function in type 2 diabetic patients. Sci Rep
2016;6:32623.

[31]American Diabetes Association. 2. Classification and
diagnosis of diabetes: standards of medical care in
diabetes-2018. Diabetes Care 2018;41(Suppl 1):S13-
S27.

[32] Talwalkar PG, Sreenivas CG, Gulati A, et al. Journey in
guidelines for lipid management: from adult treatment
panel (ATP)-I to ATP-III and what to expect in ATP-IV.
Indian J Endocrinol Metab 2013;17(4):628-635.

[33]Pham PC, Pham PA, Pham SV, et al. Hypomagnesemia:
a clinical perspective. Int J Nephrol Renovasc Dis
2014,7:219-230.

[34]McClain MR, Srinivasan SR, Chen W, et al. Risk of type
2 diabetes mellitus in young adults from a biracial
community: the Bogalusa Heart Study. Prev Med
2000;31(1):1-7.

[35]Misra A, Pandey RM, Devi JR, et al. High prevalence of
diabetes, obesity and dyslipidaemia in urban slum
population in northern India. Int J Obes Relat Metab
Disord 2001;25(11):1722-1729.

[36]Ramachandran A, Snehalatha C, Vijay V, et al. Impact
of poverty on the prevalence of diabetes and its
complications in urban southern India. Diabet Med
2002;19(2):130-135.

[37] Kautzky-Willer A, Harreiter ], Pacini G. Sex and gender
differences in risk, pathophysiology and complications
of type 2 diabetes mellitus. Endocr Rev
2016;37(3):278-316.

[38]Chawla A, Chawla R, Jaggi S. Microvasular and
macrovascular complications in diabetes mellitus:
Distinct or continuum? Indian J Endocrinol Metab
2016;20(4):546-551.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 6/Issue 15/April 15, 2019

Original Research Article

[39] Thomas HE, McKenzie MD, Angstetra E, et al. Beta cell
apoptosis in diabetes. Apoptosis 2009;14(12):1389-
1404.

[40]Xie Y, Bowe B, Li T, et al. Higher blood urea nitrogen
is associated with increased risk of incident diabetes
mellitus. Kidney Int 2018;93(3):741-752.

[41] Shahbazian H, Rezaii I. Diabetic kidney disease; review
of the current knowledge. ] Renal Inj Prev
2013;2(2):73-80.

[42] Schofield ID, Liu Y, Rao-Balakrishna P, et al. Diabetes
Dyslipidemia. Diabetes Therapy 2016;7(2):203-219.

[43]Hartz  JC, de Ferranti S, Gidding S.
Hypertriglyceridemia in diabetes mellitus: implications
for pediatric care. J Endocr Soc 2018;2(6):497-512.

[44] Farbstein D, Levy AP. HDL dysfunction in diabetes:
causes and possible treatments. Expert Rev Cardiovasc
Ther 2012;10(3):353-561.

[45]Stolinski M, Alam S, Jackson NC, et al. Effect of 6-
month supervised exercise on low-density lipoprotein
apolipoprotein B kinetics in patients with type 2
diabetes mellitus. Metabolism 2008;57(11):1608-
1614.

[46]Duvillard L, Florentin E, Lizard G, et al. Cell surface
expression of LDL receptor is decreased in type 2
diabetic patients and is normalized by insulin therapy.
Diabetes Care 2003;26(5):1540-1544.

[47]Vergés B. Pathophysiology of diabetic dyslipidaemia:
where are we? Diabetologia 2015;58(5):886-899.
[48]Cui J, Sun ], Wang W, et al. The association of
triglycerides and total cholesterol concentrations with
newly diagnosed diabetes in adults in China.

Oncotarget 2017;8(61):103477-103485.

[49]Kundu D, Osta M, Mandal T, et al. Serum magnesium
levels in patients with diabetic retinopathy. J Nat Sci
Biol Med 2013;4(1):113-116.

[50]zhang Q, Ji L, Zheng H, et al. Low serum phosphate
and magnesium levels are associated with peripheral
neuropathy in patients with type 2 diabetes mellitus.
Diabetes Res Clin Pract 2018;146:1-7.

[51]Sakaguchi Y, Shoji T, Hayashi T, et al.
Hypomagnesemia in type 2 diabetic nephropathy.
Diabetes Care 2012;35(7):1591-1597.

[52]Pokharel DR, Khadka D, Sigdel M, et al. Association of
serum magnesium level with poor glycemic control and
renal functions in Nepalese patients with type 2
diabetes mellitus. Diabetes Metab Syndr 2017;11
Suppl 1:5417-5423.

[53]Singh RB, Rastogi SS, Mani UV, et al. Does dietary
magnesium modulate blood lipids? Biol Trace Elem Res
1991;30(1):59-64.

Page 1183


https://www.ncbi.nlm.nih.gov/pubmed/27547762
https://www.ncbi.nlm.nih.gov/pubmed/27547762

