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Abstract

Background: Background: There is a lack of information regarding serum uric acid (SUA) and magnesium
levels among the pre-diabetics population. This study aimed to assess the biochemical assessment of both
uric acid and magnesium in prediabetics of the Peshawar-KP region.

Methodology: In this case-control study, patients having normal glucose levels were considered as control,
and prediabetics were cases. Fasting blood glucose (FPG) levels between 100-125 mg/dl or HbATc levels
between 5.7 to 6.4% were considered pre-diabetic. SUA was assessed by the Uricase method, serum Mg+
by the Calmagite calorimetric method, and fasting glucose was assessed by the GOD-POD enzymatic
method.

Results: According to our findings, mean values of serum magnesium were 2.12 + 0.60 mg/dl (p=0.026) and
1.10 £ 0.82 mg/dl (p=0.001) in male and female of control group whereas, 1.60 + 0.44 mg/dl (p=0.004) and
0.90 £ 0.22 mg/dl (p=0.002) in male and female of cases group respectively. Correspondingly, mean value
of SUA was recorded as 4.14 + 0.66 mg/dl (p=0.008) and 3.12 + 0.38 mg/dl (p=0.004) in male and female of
control group whereas 8.10 + 1.00 mg/dl (p=0.002) and 6.22 + 0.44 mg/d| (p=0.003) in male and female of
cases and subjects group respectively. It is noticeable that mean serum magnesium and SUA values were
higher in the male of both groups compared to females.

Conclusion: The study concluded that lower serum magnesium levels in prediabetics might result from the
closure of K+ channels, defective phosphorylation of insulin receptors, or diminished glucokinase activity.
Higher uric acid levels in prediabetics might result from inflammation, oxidative stress, and hypertrophy of
the tubules.
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Introduction

The term pre-diabetes refers to serious health
conditions where the blood sugar levels are
elevated than the normal ones but not so much
elevated to be diagnosed as diabetes type 2. More
or less, 84% of prediabetics are ignorant about
their condition. Prediabetics are at a higher risk of
developing type 2 diabetes with stroke and heart
diseases'. Lifestyle modification is necessary to
avoid the disease because 15 to 30% of patients
might develop diabetes mellitus (DM) within five
years®.

Better management of the body's cholesterol,
blood pressure, and blood glucose levels and
quitting smoking could decrease diabetes-related
symptoms and its acute and chronic
manifestation®. A report by Center for Disease
Control and Prevention (CDC), depression is a
major risk factor in developing diabetes in the US*.
Despite the CDC report, several other reports also
mentioned depression as a major risk for pre-
diabetes and diabetes®®. In this scenario, earlier
identification of pre-diabetes and diabetes in
people with a depressive state is significantly
important to preserve their lives.

In glucose metabolism, the role of magnesium is
considered to be very important, and this is
because magnesium acts as a co-factor for
numerous enzymes in insulin secretion, insulin
homeostasis as well as insulin binding. A reduced
level of magnesium results in increased resistance
to insulin®®. There are two mechanisms through
which uric acid is synthesized in the body, one
through purine breakdown and the second
through direct synthesis from 5-phosphoribosyl
pyrophosphate and glutamine. Age and sex are
two factors that directly affect the serum urate.

Uric acid is a powerful antioxidant agent that
results in insulin resistance, an increase in oxidative
stress, dysfunction of endothelium, and an
activated renin-angiotensin (RA) system, which is
linked  with  cardiovascular  risk  factors,
hypertension, and abnormal metabolism of
glucose and metabolic syndrome'™. An earlier
assessment of SUA and serum magnesium in
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prediabetics will be a helping tool in reducing the
development of DM and associated complications.

Several/epidemiologic studies have reported that
high serum levels of uric acid are strongly
associated with prevalent health conditions such as
obesity, insulin resistance, metabolic syndrome,
diabetes, essential hypertension, and renal
disease®. Population-based studies have shown
that hyper-uremia is an independent risk factor for
cardiovascular disease (CVD). This association is
particularly robust among individuals at high risk
for CVD, including those with obesity,
hypertension, diabetes, and renal disease. With the
above background, this study examined the serum
level of uric acid in diabetics, pre-diabetics, and
controls®,

There is a lack of information regarding SUA and
magnesium levels among the pre-diabetics
population. So the rationale of the study is to
explore the same and add valuable information to
the literature.

Methodology

This case-control study was conducted in a private
teaching hospital in Peshawar from January to
September 2021. The IRB of the concerned hospital
approved the study (Letter No: NTH/09/2020). Out
of 421 screened individuals, 300 were enrolled in
the study. The sample size was calculated using the
WHO calculator, which was 292.

Inclusion Criteria

Subjects having FPG 100-125 mg/dl or HbAlc levels
between 5.7 to 6.4% were included in the study and
were labeled as cases, while those having FPG 70-
100 mg/dl or HbAlc value less than 5.7% or
absence of criteria that matches pre-diabetes were
labeled as controls.

Exclusion Criteria

All subjects with known type | or type Il DM,
cardiovascular diseases, Gl tract diseases, renal and
pulmonary diseases, Gout, cancer, pregnant and
lactating women, Mg+ supplementation, and
hypertension  were excluded.  Furthermore,
individuals with self-reported hepatic, kidney, and
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cardiovascular disorders were also excluded from
the study.

Groups

Individuals with normal glucose levels were
considered as control, and those with impaired
glucose levels as prediabetics and were labeled as
cases. Each group contained 150 individuals,
including males and females. Informed consent
was taken from all the individuals at the beginning
of the study.

General data acquisition
Data of all the anthropometric characteristics were
recorded using a brief questionnaire form. Body
mass index (BMI) was recorded by taking weight in
kilograms and height in cm.

Laboratory procedures and blood collection
After observing an overnight fasting period, 5ml
intravenous blood was taken from the individuals.
All the blood samples were transferred into a
chilled chamber and carried to the hospital's
biochemistry lab for further procedure. The serum
of all the collected blood samples was separated
using a centrifuge machine (Beckman centrifuge) at
a speed of 3200 rpm for 12 min.
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After separating the serum, a biochemical analysis
of the pre-determined parameters was done. The
analysis was carried out using an automated
analyzer (Bioevopeak BA-A-120). Serum uric acid of
both the groups, serum Mg+ and fasting plasma
glucose, were assessed using standard methods
and guidelines (Uricase, Calmagite calorimetric,
and GOD-POD enzymatic method), respectively.

Statistical analysis

Results were analyzed using statistical software
SPSS version 20.0. A p-value less than 0.05 was
considered significant, and a sample T-test was
done to compare both groups.

Results

Out of 421 screened individuals, 300 were enrolled
in the study; among them, 208 were male, while 92
were female. The mean age for all the study
population was 36.4 + 12.4. The study revealed the
percent prevalence of pre-diabetes in men was
46.66% (n=104) and 53.33% (n=46) in women,
respectively. The demographic characteristics of
the two groups regarding gender, age, BMI,
education, residential area, smoking habits, etc.,
are shown in Table 1 below.

Table 1: Demographic characteristics of the study individuals.

Variables Total Control Cases
(n=300) (n=150) (n=150)
Male 208(69.33) 104(69.33) 104(69.33)
Gender
Female 92(30.67) 46(30.67) 46(30.67)
Age (years) 36.4+12.4 34.2+10.0 37.0+14.6
Primary/Middle 169(56.33) 91(60.67) 78(52.00)
Education Graduate 98(32.67) 40(26.67) 58(38.67)
Postgraduate 33(11.00) 19(12.67) 14(9.33)
Area Urban 100(33.33) 52(34.67) 48(32.00)
Rural 200(66.67) 98(65.33) 102(68.00)
Non-smoker 118(39.33) 62(41.33) 56(37.33)
Smoking Status Ex-smoker 142(47.33) 66(44.00) 76(50.67)
Current smoker 40(13.33) 22(14.67) 18(12.00)

According to our findings, mean values of serum magnesium were 2.12 + 0.60 mg/dl and 1.10 £ 0.82 mg/dI
(p=0.034) in male and female of control group whereas, 1.60 + 0.44 mg/dl and 0.90 + 0.22 mg/d! (p=0.001) in
male and female of cases group respectively. Correspondingly, the mean value of serum uric acid was recorded
as4.14 + 0.66 mg/dl and 3.12 + 0.38 mg/dI (p=0.020) in the male and female control groups, whereas 8.10+1.00
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mg/dl and 6.22 + 0.44 mg/dl (p=0.022) in male and female of cases and subjects group respectively. It is
noticeable that mean serum magnesium and SUA values were higher in the male of both groups compared to
females. The results demonstrated mean lower levels of serum magnesium and higher levels of serum uric acid
in prediabetics of the Peshawar-KP region (Table 2).

Table 2: Serum Mg+ and SUA in control and cases groups.

Variables Control Case

Male Female p-value Male Female p-value
Serum Mg+ (mg/dl) 2.12+0.60 1.10+0.82 0.034 1.60+0.44 0.90+0.22 0.001*
Serum UA (mg/dl) 4.14+0.66 3.12+0.38 0.020 8.10+1.00 6.22+0.44 0.022*

*p<0.05 is considered significant.

Discussion

To the best of our knowledge, this is the first study
on Peshawar residents to assess serum Mg+ and
serum uric acid levels in individuals with pre-
diabetes. The study revealed the percent
prevalence of pre-diabetes in men was 46.66% and
53.33% in women, respectively. The higher
incidence of pre-diabetes in women than in men
might be due to the deposition of excessive
abdominal fats. The fat accumulation can result in
impaired glucose tolerance and insulin resistance
because of innate immunity activation due to white
adipose tissue inflammation. This mechanism also
results in the down-regulation of adiponectin,
which acts as an insulin-sensitizing effector.

Additionally, insulin resistance can be the result of
hypo-adiponectinemia®. According to our findings,
the mean value of serum uric acid was recorded as
414 + 0.66 mg/dl and 3.12 + 0.38 mg/dI (p=0.020)
in the male and female control group, whereas 8.10
+ 1.00 mg/dl and 6.22 + 0.44 mg/dl (p=0.022) in
male and female of cases and subjects group
respectively. The values were found to be higher in
males in comparison to females in both study
groups. A cross-sectional study conducted in
Thailand demonstrated an association of an
increased SUA with that fasting plasma glucose
level™. This study was restricted to elderly patients,
and no gender stratification was considered while
conducting this study. Another cohort study having
US origin revealed that induced levels of SUA
present a risk factor individually for pre-diabetes™.
Another cohort study in the Netherlands revealed
a positive connotation of SUA with pre-diabetes in
subjects with normal glycemic levels®". The study
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suggested the role of SUA in developing DM in
early phases compared to the late phase
mechanism. This study further revealed a strong
association between SUA and pre-diabetes in
women compared to men.

The connotation between SUA and glucose
metabolism got many biological clarifications.
Some of the clarification is that, firstly, cells induce
inflammation and oxidative stress when they get
exposed to uric acid® This inflammation and
oxidative stress results in developing insulin
resistance, which is the central mechanism in the
onset of DM. Moreover, the higher SUA levels may
be a reason for a remarkable decrease in
adenosine  monophosphate-activated  protein
kinase activity, resulting in increased glucose
production by the liver®. The role of Mg+ in
managing  various  metabolic  syndrome,
cardiovascular illness, cerebrovascular coincidence,
HTN, and type DM2 has established excessive
attention in recent decades®®®'. Lower levels of
Mg+ contribute to complications, insulin
resistance, and higher blood glucse®.

The results of this study further revealed the mean
values of serum magnesium as 2.12 + 0.60 mg/dl
and 1.10 + 0.82 mg/dl (p=0.034) in the male and
female control groups, whereas 1.60 + 0.44 mg/d|
and 0.90 + 0.22 mg/dl (p=0.001) in male and
female of cases group respectively. The mean
values were higher in males compared to females
in both groups. The reason might be the results of
closure of K+ channels, defected phosphorylation
of insulin receptors, or diminished activity of
glucokinase. Intervallic determination of Mg+
levels in the body must be done to avoid
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complications associated with its deficiency, and
appropriate Mg+ replacement should be
considered.

Higher renal secretion of magnesium abridged
tubular reabsorption because of insulin resistance,
and insulin insensitivity (which affects intracellular
magnesium transport) are generally the results of
osmotic diuresis, which causes low quantities of
magnesium in prediabetics. Moreover, these
reduced magnesium levels result in postprandial
impaired action of insulin, the defective activity of
tyrosine kinase, and the worsening of insulin
resistance in prediabetics. Though numerous
studies have scrutinized the association between
magnesium and diabetes, there are few studies on
the association of magnesium with pre-diabetes
and its development of DM.

The findings of our study are consistent with the
result shown in some other studies®®**. Another
study revealed positive effects of Mg+
supplementation in glucose metabolism disorders
and management®. Our study has a few
limitations, including limited literature showing the
available regional data, a smaller sample size, and
a single hospital for data collection. Further studies
with larger sample sizes and multicenter data have
been suggested to check the reliability of both
Mg+ and SUA in prediabetics before the onset of
DM.

A comprehensive search was done in order to
reduce the possibility of any publication bias.
Begg's test was performed, which revealed no
publication bias.

Conclusion

The study revealed the percent prevalence of pre-
diabetes in men and women, respectively. The SUA
values were higher in males compared to females
in both the study groups, which indicates that
higher levels of SUA can result in the onset of pre-
diabetes and, ultimately, DM. Similarly, mean
serum Mg+ values were lower in cases compared
to the control group (healthy individuals), which
confirms that Mg+ deficiency might play a
potential role in developing pre-diabetes leading
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to DM. Additionally, the values were more in males
as compared to females. Therefore, a close check
on the SUA and Mg+ should be kept to avoid the
onset of DM symptoms.

Conflicts of Interest

The authors have declared that no competing
interests exist.

Acknowledgement

We thank Dr. Mohammad Imran (Bio-statistician)
for helping us with the data analyses.

Funding

The author(s) received no specific funding for this
work.

References

1. American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes care.
2014;37(Supplement_1):581-90.

2. Anjana RM, Shanthi Rani CS, Deepa M, Pradeepa R,
Sudha V, Divya Nair H, Lakshmipriya N, Subhashini S,
Binu VS, Unnikrishnan R, Mohan V. Incidence of
diabetes and prediabetes and predictors of
progression among Asian Indians: 10-year follow-up
of the Chennai Urban Rural Epidemiology Study
(CURES). Diabetes care. 2015;38(8):1441-1448.

3. AliN, Rahman S, Islam S, Haque T, Molla NH, Sumon
AH, Kathak RR, Asaduzzaman M, Islam F, Mohanto
NC, Hasnat MA. The relationship between serum uric
acid and lipid profile in Bangladeshi adults. BMC
Cardiovasc Disord. 2019;19(1):1-7.

4. Bullard KM, Cowie CC, Lessem SE, Saydah SH, Menke
A, Geiss LS, Orchard TJ, Rolka DB, Imperatore G.
Prevalence of diagnosed diabetes in adults by
diabetes type—United States, 2016. MMWR.
2018;67(12):359.

5. Taniguchi Y, Hayashi T, Tsumura K, Endo G, Fujii S,
Okada K. Serum wuric acid and the risk for
hypertension and Type 2 diabetes in Japanese men:
The Osaka Health Survey. J  Hypertens.
2001;19(7):1209-1215.

6. Chen PC, Chan YT, Chen HF, Ko MC, Li CY.
Population-based  cohort  analyses of the
bidirectional relationship between type 2 diabetes
and depression. Diabetes care. 2013;36(2):376-382.

7. Golden SH, Lazo M, Carnethon M, Bertoni AG,
Schreiner PJ, Roux AV, Lee HB, Lyketsos C. Examining

Volume 10 Issue 3 [2022]



10.

1.

12

13.

14.

15.

16.

17.

18.

International Journal of Endorsing Health Science Research

a bidirectional association between depressive
symptoms and diabetes. Jama. 2008;299(23):2751-
2759.

American Diabetes Association. Classification and
diagnosis of diabetes: standards of medical care in
diabetes 2018. Diabetes Care. 2018;41(Suppl 1):S13—
27.

Campayo A, De Jonge P, Roy JF, Saz P, De la Camara
C, Quintanilla MA, Marcos G, Santabarbara J, Lobo A.
Depressive disorder and incident diabetes mellitus:
the effect of characteristics of depression. AM J
PSYCHIAT. 2010;167(5):580-588.

Pavani CH, Mohanty S, Dharwadkar AA.
Hypouricemia in type 2 diabetes mellitus without
nephropathy: a case control study. Int J Clin Biochem
Res. 2018;5:201-205.

Grober U, Schmidt J, Kisters K. Magnesium in
prevention and therapy. Nutrients. 2015;7(9):8199-
8226.

. Frische S. Glomerular filtration rate in early diabetes:

ongoing discussions of causes and mechanisms. J
Nephrol. 2011;24(5):537-540.

Vallon V, Thomson SC. Renal function in diabetic
disease models: the tubular system in the
pathophysiology of the diabetic kidney. Annu Rev
Physiol. 2012;74.

Anothaisintawee T, Lertrattananon D, Thamakaison S,
Reutrakul S, Ongphiphadhanakul B, Thakkinstian A.
Direct and indirect effects of serum uric acid on blood
sugar levels in patients with prediabetes: a mediation
analysis. J diabetes res. 2017:6830671.

Krishnan E, Pandya BJ, Chung L, Hariri A, Dabbous O.
Hyperuricemia in young adults and risk of insulin
resistance, prediabetes, and diabetes: a 15-year
follow-up study. Am j epidemiol. 2012;176(2):108-116.
Boccon-Gibod L, Valton M, Ibrahim H, Boccon-Gibod
L, Comenducci A. Effect of dutasteride on reduction
of intraoperative bleeding related to transurethral
resection of the prostate. Progres en urologie: journal
de I'Association francaise d'urologie et de la Societe
francaise d'urologie. 2005;15(6):1085-1089.

van der Schaft N, Brahimaj A, Wen KX, Franco OH,
Dehghan A. The association between serum uric acid
and the incidence of prediabetes and type 2 diabetes
mellitus:  The Rotterdam Study. PLoS One.
2017;12(6):e0179482.

Sautin YY, Nakagawa T, Zharikov S, Johnson RJ.
Adverse effects of the classic antioxidant uric acid in
adipocytes: NADPH oxidase-mediated
oxidative/nitrosative stress. Am J Physiol Cell Physiol.
2007;293(2):C584-596.

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online)

19.

20.

21.

22

23.

24.

25.

26.

Int. j. endorsing health sci. res.

295

Cicerchi C, Li N, Kratzer J, Garcia G, Roncal-Jimenez
CA, Tanabe K, Hunter B, Rivard CJ, Sautin YY, Gaucher
EA, Johnson RJ. Uric acid-dependent inhibition of
AMP kinase induces hepatic glucose production in
diabetes and starvation: evolutionary implications of
the wuricase loss in hominids. FASEB J.
2014;28(8):3339-3350.

Sarrafzadegan N, Khosravi-Boroujeni H, Lotfizadeh
M, Pourmogaddas A, Salehi-Abargouei A.
Magnesium status and the metabolic syndrome: A
systematic review and meta-analysis. Nutrition.
2016;32(4):409-417.

Ghayyur A, Hussain SS, Butt A, Shahid S, Asif HH,
Nisar S. Risk factors of hypomagnesemia in patients
with acute ischemic stroke (ais): A cross sectional
study of a tertiary care hospital, lahore pakistan
during 2015. FUUAST J Bio. 2017;7(1):23-32.

. Dasgupta A, Sarma D, Saikia UK. Hypomagnesemia in

type 2 diabetes mellitus. Indian j endocrinol metabo.
2012;16(6):1000-1003.

Chen'S, Jin X, Liu J, Sun T, Xie M, Bao W, Yu X, Yang
X, Zhang Y, Zhang H, Shan Z. Association of plasma
magnesium with prediabetes and type 2 diabetes
mellitus in adults. Sci rep. 2017;7(1):1-8.

Rahim MA, Mitra P. Serum magnesium level of newly
detected patients with glucose intolerance and its
comparison with serum magnesium level of age and
sex matched healthy volunteers. ) Med. 2018;19(2):95-
99.

XuJ, XuW, Yao H, Sun W, Zhou Q, Cai L. Associations
of serum and urinary magnesium with the pre-
diabetes, diabetes and diabetic complications in the
Chinese  Northeast population. PLoS  One.
2013;8(2):e56750.

Wu J, Xun P, Tang Q Cai W, He K. Circulating
magnesium levels and incidence of coronary heart
diseases, hypertension, and type 2 diabetes mellitus:
a meta-analysis of prospective cohort studies. Nutr j.
2017;16(1):1-3.

Volume 10 Issue 3 [2022]



