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Abstract

Both minerals along with trace elements are necessary micronutrients needed for the normal working of the body.
Nevertheless, they exist only in trace quantities. Yet they carry out significant biochemical responses stabilizing constituents
of enzymes along with proteins as well as working as cofactors for a lot of enzymes. With our earlier reviews on
etiopathogenesis of both type 1 as well as type 2 Diabetes mellitus (DM) here we decided to conduct a systematic review
utilizing search engine pubmed, google scholar; web of science; embase; Cochrane review library utilizing the MeSH terms
likeT2DM; T1DM; Trace elements; Micronutrients; Boron; Copper; Chromium; Cobalt; lodine; Iron; Magnesium;
Selenium; Magnesium; Zinc; Cardiovascular disease (CVD); Anemia; thyroid disorders ; Peroxisome Proliferator Activated
Receptory (PPAR 7). From 1950 to 2021 till date. We found a total of 450 articles out of which we selected 125 articles for
this review. No meta-analysis was done. The amounts of trace elements differ significantly in various populations, based on
the dietary constitution. In various Asian countries, a big chunk of population gets implicated by a lot of micronutrient
deficiencies. Local variations in Selenium, Zinc, Copper; Chromium, iron along with iodine in the diet are present in
developed as well as developing countries, mainly secondary to malnutrition, besides based on indigenous nutritional
patterns. These total deficiencies in addition to in occasional subjects, escalated trace elements might result in imbalance of
glucose homeostasis, besides insulin resistance (IR). The maximum problem afflicting a minimum of 1 billion people world
over have an association with insufficient supply of multiple minerals in addition to trace elements, that include iodine,
Selenium, Zinc, Copper, Calcium, Chromium, Cobalt, Iron, Boron as well as Magnesium. In this review a lot of randomized
controlled trial (RCT), cohort along with case-controlled studies, observational studies as well as some laboratory dependent
studies have been included that represent Asia, Africa along with North America. Alterations of these micronutrients in

serum along with urine of subjects might point towards metabolic alterations, Oxidative stress (OS), besides yielding disease

specific knowledge.
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1. Introduction
Both minerals along with trace elements are necessary micronutrients needed for the normal working of the body. These have
a specific advantageous with regards to the physiological functions [1]. They are necessary for a lot of biochemical
responses, existing in the form of stabilizing constituents of enzymes along with proteins as well as working as cofactors for
a lot of enzymes. Some trace elements control key biological events by binding to the receptor area of the cell membrane or
altering the shape of the receptor to avoid entry of specific molecules into the cell [2]. Micronutrients possess double parts
that sustain the stability of cellular structures at their ideal amounts. Nevertheless, once they are not sufficient, that results in
alternative pathways getting employed in association with some diseases or disorders [3]. These Micronutrients possess

significant physiological involvements in addition to showing a direct correlation with type2 Diabetes mellitus (DM) [4].

Scientific proof along with Clinical results from DM research prove necessary part of these necessary Micronutrients being
deficient/or overload evaluation. Nevertheless, the studies that have not been consistent make it tough for the clinician to
advocate nutritional recommendations for Diabetic subjects [5]. In view propagation in interventions in addition to research,
the life expectancy has escalated with a total enhancement in Diabetic individuals in the geriatric population. Antioxidant
enzymes correlated trace elements are changed in Diabetes mellitus [6]. A lot of cohort studies have demonstrated that the
homeostasis of trace elements can be changed with Diabetes mellitus [7]. Initial disturbances in particular elements might
influence significant part in impairment of insulin metabolism [8,9]. Maximum cohort studies concentrate on single elements
or in a few combined elements only. Having reviewed a lot of etiopathogenetic events responsible for both typel(T1DM) in
addition to type2 Diabetes mellitus (T2DM)) [10-22], here we further decided to review the role of trace elements in
association with Diabetes mellitus generation along with associated comorbidities like CVS side effects in children as well as
adults. The studies have been obtained from vast racial groups belonging to Asia, Africa along with North America, with
studies included randomized controlled Clinical trial (RCT), cohort along with case-controlled studies, observational studies

in addition to laboratory dependent studies.

2. Methods
Here we conducted a systematic review utilizing search engine PubMed, google scholar; web of science; embase; Cochrane
review library utilizing the MeSH terms like T2DM; T1DM; Trace elements; Micronutrients; Boron; Copper; Chromium;
Cobalt; lodine; Iron; Magnesium; Zinc; cardiovascular disease (CVD); Anemia; thyroid disorders; Peroxisome Proliferator
Activated Receptor y (PPAR v) from 1950 to 2021 till date.

3. Results

We found a total of 450 articles out of which we selected 125 articles for this review. No meta-analysis was done.

4. Micronutrients
Micronutrients are isolated as key nutrients that get needed in minute amounts for homeostasis, enzymes control in addition
to their working [23]. Macro elements, vitamins, trace elements along with organic acids represent the four main classes of
Micronutrients. Primarily are chloride, calcium, P4, Mg, Na, K as well as Fe, while some trace elements like cobalt, copper,
sulphur, iodine, zinc and molybdenum escalate insulin effect by stimulation of insulin receptor areas [24]. These trace

elements possess particular parts in the etiopathogenesis in addition to propagation type2 Diabetes mellitus [T2DM] as well
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as mechanistically a lot of macro as well as trace elements is changed in T2DM [25]. A lot of randomized controlled trial
(RCT), cohort along with case-controlled studies, observational studies as well as some laboratory dependent studies (FIG. 1)
[rev in 26].
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FIG. 1. Schematic presentation of the altered levels of trace elements and minerals in the manifestation of oxidative

stress in amplifying pathways towards insulin resistance and development of diabetes.

4.1 Boron
Boron is a significant nevertheless, less utilized trace micronutrient observed in certain foods, having multiple but significant
parts in metabolism [27,28]. In this context the characteristics of boron that possess maximum significance in association
with human health are bone generation along with regeneration, wound healing, sex hormone generation, Vitamin D
metabolism, besides the calcium in Ca?* addition to magnesium absorption as well as their generation utilization [28]. Studies
documented that dietary boron influences plasma insulin amounts. The rats that faced boron deprivation possessed
significantly greater plasma insulin amounts was illustrated by Bakken et al. [29], in contrast to rats that had boron delivery.
Deficit of boron showed no correlation with equivalent alterations in plasma glucose amounts, besides no dependence on
magnesium or Vitamin D status existing in diet [29]. Boric acid hampers Ca?* liberation secondary to ryanodine receptor
agonist via binding of NAD* as well as /or cyclic ADP ribose along with hampering the Ca?* liberation, that further
influences insulin liberation, besides brain function [30]. In animal studies it was observed that boron is implicated in
regulation of triglyceride amounts as well as work in the form of a metabolic controller of the enzyme systems. Nevertheless,
a study validated that the maternal boron amounts in normal in addition to Diabetic pregnancies was not associated with
lipids in addition to boron amounts. The serum lipids in addition to boron amounts in 15 non gestational Diabetic as well as

19 gestational Diabetic ladies displayed no significant alterations in boron amounts [31].

In another study it was observed that boric acid along with sodium pentaborate pentahydrate (NaB) demonstrated hampering
action on adipogenesis in a cell model. Repression of the adipogenesis-associated genes along with proteins by controlling
key growth factors, B-catenin, AKT, along with extracellular signal-regulated kinase (ERK) signaling pathway [32]. Boron
treatment further documented a reduction in Oxidative stress (OS) in Diabetic animals thus illustrated an antioxidant action

with pancreatic-p-cell getting preserved [33].
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4.2 Calcium
Calcium homeostasis has a significant part in insulin resistance (IR) along with liberation [34]. Calcium homeostasis is
dysfunctional in Diabetes mellitus (DM), along with aid in disturbed cell controlling in erythrocytes, cardiac muscle, platelets
as well as skeletal muscles. The dysfunctional homeostasis is bothersome since it can significantly aid in the control of the

proper insulin liberation along with function, further influencing different Vascular complications independently [35].

Pittas et al. illustrated in 2007 that alterations in Calcium as well as Vitamin D amounts seem to be implicated in the
generation of T2DM. The study documented a moderate correlation among low Vitamin D amounts in addition to Calcium or
dietary intake along with Prevalence of T2DM in addition to Metabolic Syndrome (MetS). The serum 25 hydroxy Vitamin D
(25-OHD) amounts as well as prevalence of MetS as well as T2DM got evaluated that demonstrated, inverse correlation with
incidence of MetS as well as T2DM for the maximum to vis a vis minimum combination of Calcium along with Vitamin D
consumption. Hyperglycemia generated worse implications with Calcium along with Vitamin D deficiency, while delivery of

the 2 documented advantageous actions on glucose metabolism [36].

Two small studies had just the serum Calcium documented. One was study comprising of 30 subjects in the age range 30-70
revealed an escalated Calcium amounts with considerable reduction in parathyroid hormone amounts [37]. A 2" study
conducted in India, demonstrated significant reduction in serum Calcium amounts in Diabetic patients in contrast to non-
diabetic controls. Escalated plasma blood glucose amounts having a negative association with serum Calcium amounts [38].
A cross sectional study got conducted in North Sudan in 40 patients presenting with T2DM as well as healthy controls for
analysing serum Calcium amounts along with glycosylated haemoglobin (HbALc). Their outcome they documented that the
Diabetic patients Possessing escalated HbAlc went through a significant reduction in serum Calcium amounts in contrast to
healthy controls possessing normal HbA1C. This negative association with serum Calcium amounts as well as HbA1C in
Diabetic patients points to uncontrolled Diabetic patients possessing Hyperglycemia are at a risk of hypocalcemic in contrast
to controls [39].

Cohort studies conducting evaluation of part of escalated serum Calcium amounts in the form of biomarkers of dysfunctional
glucose metabolism have not been conducted. A similar study illustrated escalated risk of DM in subjects with escalated
serum Calcium amounts. They concluded that 77 cases of T2DM illustrated a total escalated serum Calcium amounts at
follow up. These outcomes are akin to prior cross-sectional studies where patients with type2 Diabetes mellitus (DM),
demonstrated greater, serum Calcium amounts as compared to non-diabetic subjects, that persisted to be important following
subjects consuming supplemental Calcium or possessing Calcium amounts that were out of range were not included, thus
documented the escalated risk of T2DM with escalated serum Calcium amounts [40]. Akin to this another study illustrated an
enhanced risk of T2DM with escalated serum Calcium amounts [40]. The Prevalence of MetS as well as DM with escalated
serum Calcium amount in 1329 middle aged along with aged Korean individuals (p<0.001). This correlation was not
dependent on age, sex, body mass index (BMI), serum creatinine, Phosphorus, parathyroid horomone (PTH), 25-OH-D
amounts, smoking alcohol intake, exercise, overall energy along with Calcium as well as sodium consumption [41]. A
complicated correlation has been illustrated in studies. Reduction in Bcells function was associated with aberrant Calcium

control [42], that could subsequently link to changed glucose homeostasis [43]. Greater cytosolic Calcium amounts was
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demonstrated, in cell culture studies that might be correlated with insulin resistance (IR) [44]. Prior dose-based meta-analysis

of cohort studies illustrated that dietary delivery of Calcium avoids the generation of T2DM [45].

4.3 Cobalt
A lot of studies have documented that classical serum amounts of Cobalt are <0.5ug /1. It was demonstrated by Saker et al,
[46] that Cobalt chloride (CoCly) reduced gluconeogenesis in Diabetic rats via its glucose reducing actions [46]. Cobalt by
itself or with ascorbate decreases lipid peroxidation in visceral organs of Diabetic rats [47]. Serum amounts of Cobalt
reduced in T2D in contrast to non-diabetic rats as well as Cobalt therapy also illustrated abrogation of Diabetic Nephropathy

along with heart working in a rat model of T2D by Oxidative stress (OS) getting mitigated [48].

Studies that were conducted in humans for evaluation of amounts of Cobalt in Diabetic patients as well as retrospective
controls are not enough. A study in Pakistan targeted both Diabetic patients along with non-diabetic men in 5 age groups
[49]. On getting the serum multi-element evaluation they documented a greater mean amount of Cobalt Diabetic patients, that
contradicts to the earlier studies conducted on streptozocin (STZ), treatment receiving typel Diabetic rats. As per Flores et al.
[50], a significantly greater amounts of Al, Cd, Cu, Mn, Hg as well as Ni, whereas lesser Cr, Co and V in Diabetic patients in
contrast to healthy individuals (unpaired t test, p<0.05) [50]. The amounts of Trace elements in the serum as well as urine of
Diabetic patients along with healthy individuals were evaluated in 76 individuals belonging to age groups of 52 + 8 yrs. The
study validated greater urine amounts of Cr, As, Cu, as well as Zn in contrast to lesser amounts of Cd, Co, Pb, Mn, Mo, Ni as
well as Se in Diabetic patients in contrast to healthy individuals. Nevertheless, only the variations in Cd, as well as Zn
possessed statistical significance [50]. A prior study had demonstrated that 2 mm of hexamine Cobalt chloride inhibited 22
mm of glucose-stimulated insulin liberation in mouse pancreatic islet cells without interfering with glucose metabolism along
with Ca?* influx into the cytoplasm [51].

4.4 Chromium
Subsequent to the invention of Chromium (Cr), in the form of a necessary Trace elements in 1955 [52], it has been observed
to efficaciously enhance glucose tolerance by decreasing insulin resistance (IR). A study based in China illustrated that Cr
delivery escalated the blood glucose, insulin, cholesterol, along with HbAlc amounts in T2D patients in a dose-based
approach [53]. Appropriate chromium supplementation in diet aids in enhancing blood lipid profile along with insulin
function [54]. Maximum diets can’t meet the advocated Chromium of 50 mg. Insufficient Cr results in signs as well as
symptoms akin to that of Diabetes along with cardiovascular disease (CVD) [55]. Chromium escalates the glucose, as well as
insulin amounts in individuals with hypoglycemia, hyperglycemia, diabetes in addition to hyperlipidemia with no visible
actions on control individuals. Chromium further escalates insulin binding, receptor amounts as well as insulin receptor

enzymes by escalated insulin sensitivity, B-cells sensitivity in addition to internalization of insulin [56].

Three regulated studies on Cr (111) supplementation in human subjects with dysfunctional glucose tolerance displayed no
specific actions [57], while 12 studies on Cr delivery documented escalated lipid profiles in individuals varying from
malnourished children [58] to healthy middle-aged subjects [59-61]. Following studies have demonstrated that Dietary
chromium works in the form of a physiological escalator of insulin action in addition was known as glucose tolerance factor
(GTF) [62-63]. Kazi et al. [64], conducted a study in Pakistani patients, involving 166 healthy in addition to 257 Diabetic
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individuals of both sexes got enrolled, with their whole blood, urine along with scalp hair were collected for assessing the
amounts of necessary trace elements Copper, Chromium, manganese, iron, nickel and zinc levels in biological samples. Their
study demonstrated that the blood along with scalp samples of Diabetic individuals possessed decreased amounts of
Chromium, manganese as well as zinc in contrast to the controls (p<0.001). Greater amounts of copper as well as iron were
visualized in the Diabetic individuals in contrast to the controls although the variation was not significant (p<0.05) [64]. The
study by Balk et al. [65] on Chromium supplementation on lipid amounts along with glucose metabolism documented that
Chromium had no action on lipid or glucose metabolism in diabetic individuals [65]. Chromium takes part in escalated
insulin binding; receptor amounts as well as insulin receptor phosphorylation. A study that compared this with a study
conducted in China USA, demonstrated, milder glucose in tolerance individuals needed only 200 mg/day Cr delivery while
people with greater glucose tolerance as well as Diabetes mellitus needed higher [66]. Rajendran et al. [67] concluded there
was an association with serum Cr along with Diabetes mellitus. As per them, a reduction in amounts of Cr took place
secondary to metabolic reaction to Oxidative stress in T2DM individuals. In this study 42 individuals with newly T2DM
diagnosed individuals got classified into 2 groups: well controlled, (HbAlc <7 .0%) as well as uncontrolled group (HbAlc
>7 .0%) along with Cr amounts were measured. T2DM individuals with uncontrolled glucose amounts illustrated lesser
serum Cr amounts (0.065 + 0.03ug/1, vs 0.103 £ 0.04 pg/l p<0.05) in contrast to control group. The HbAlc as well as serum
Cr amounts had an inverse association, that had statistical significance (r=-0.6514, p<0.0001). Escalated age aided in the
reduction of Cr amounts in both the groups following 40yrs of age (p<0.05) [67]. A different study having experimental
Diabetic rat model proved that hypoglycemia-induced Oxidative stress (OS) got attenuated by the Chromium picolinate
delivery [68].

4.5 lodine
Deficiency of lodine results in reduction in thyroid horomone (TH) generation, that in turn results in escalated thyroid
stimulating hormone (TSH) liberation in addition to enhanced thyroid gland growth [69]. A current study demonstrated that
escalated lodine reduced cell viability in addition to interference with the insulin liberation action in case of islet B-cells
which could get modulated via endoplasmic reticulum (ER) stress along with stimulated proapoptotic proteins [70]. Thyroid
function is necessary for controlling energy metabolism, with aberrant thyroid function might possess significant actions on
blood glucose regulation in diabetes. Diabetes mellitus patients possess an escalated risk of thyroid disease [71]. For
evaluation of the clinical involvement of iodine status along with urinary amounts of iodine in T2DM individuals. A study
was performed in a Riyadh cohort study. A total number of 266 adults from Saudi Arabia with age range3 18-55yrs (n=109
T2DM individuals, n=157 healthy controls) got selected randomly. These individuals were analysed for fasting glucose,
along with lipid variables, serum amounts of TSH, T3, T4 in addition urine creatinine as well as urine lodine. The study
demonstrated that lesser urine lodine amounts in T2DM in contrast to healthy controls (84.6 + 2.3vs 119.4 + 3.4, p<0.001)
[72]. Insulin resistance (IR) is an aetiological cause for the pathogenesis of dysfunctional glucose metabolism, besides being
correlated with escalated thyroid volume in addition to nodule being prevalent in patients presenting with metabolic
syndrome [73]. A study conducted by Cooppan and Kozac 70 patients with Diabetes mellitus along with hyper thyroidism
were examined along with observation that the incidence of diabetes enhanced on the therapy of hyperthyroidism [74]. In a
mild to moderate deficiency of iodine area 156 patients with pre-diabetes in addition to 123 patients with diabetes, along with
114 patients with normal glucose metabolism for analyzing thyroid volume in addition to nodule prevalence in patients with

pre-diabetes as well as T2DM were studied. In diabetes group, mean TSH amounts was greater in contrast to normal as well
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as pre-diabetes group. However, mean thyroid volume was greater in pre-diabetes in addition to T2DM group vs control
group, that points that patient with dysfunctional glucose metabolism have significantly escalated thyroid volume along with

nodule prevalence [75].

Thyroid abnormalities are commoner in women (30%). In a retrospective chart reviewed for an American in addition to
Indian population illustrated a correlation with among Diabetes as well as hypothyroidism. 156 overall Diabetes mellitus
patients in addition to 25 cases of hypothyroidism were isolated among American Indian subjects living in the service region
from a north-eastern tribe. In women, hypothyroidism as well as diabetes had a greater prevalence (5% as well as 21%
respectively), in contrast to men (13% as well as 0.2% respectively), greater prevalence of hypothyroidism in women aged 60
as well as elder (21%) in contrast to younger women with diabetes (8.8%), pointing that American Indian women subjects
have a >prevalence of coexistence with diabetes [76].

4.6 lron
Iron Impacts glucose metabolism. The correlation of glucose homeostasis with Ironmetabolism is bidirectional is getting
recognized in an escalated manner [77]. Dysfunctional Iron uptake might be aiding factor which impacts glucose metabolism.
Serum ferritin amounts in case of type2 Diabetes mellitus patients might influence insulin sensitivity, Vascular resistance,
viscosity along with Oxidative injury. Serum ferritin in addition to body mass index (BMI) might work independently as
anticipators of glucose tolerance test (GTT) [78].

A study conducted with utilization of oral GTT (OGTT) in pregnant women without anaemia or DM prior to 20 weeks of
gestation, that was repeated at 28 + 3 weeks of gestation for measurement of Serum Iron, ferritin, addition to transferring
amounts. Then the data was analysed subsequently after delivery. Of the 401 women 97 got diagnoses as gestational Diabetes
mellitus (GDM), which in contrast to control group from the at risk non-diabetic cases. The outcomes demonstrated no
alterations in the weight, BMI or haemoglobin amounts in the 3™ trimester, but illustrated significantly greater amounts of
Serum ferritin, Iron in addition to transferrin saturation as well as postnatal haemoglobin amounts, that pointed to an
association among escalated, Iron stores in addition to glucose tolerance [79].

The escalated risk of anaemia in diabetic patients was evaluated in a survey in which 820 individuals with diabetes were
evaluated in a long term follow up. A lot of tests, that were blood, urine tests along with a total blood count were conducted
in these patients over a duration of 2 years. About 23% of patients possessed undetectable anaemia, that was 2-3 times greater
in patients with renal dysfunction. The escalated risk of anaemia in diabetic patients might be secondary to other nutritional
deficiencies [80]. In this cross-sectional study, plasma iron indices were evaluated, that demonstrated, escalated transferrin
saturation (>35%) in diabetic patients which was 3-4 folds greater in contrast to non-diabetic controls. Further this study
illustrated that escalated transferrin amounts were further correlated with C Reactive Protein (CRP) along with escalated
fasting plasma glucose amounts, that was greater in male subjects (p<0.0001). No probable correlation was correlated with
among the existence of diabetic complications [81]. In a prospective nested case control study, plasma transferrin amounts
was surveyed in addition to ferritin to transferrin receptor ratio was assessed in association with the probability of generation
of T2DM. During the enrolment in 1989-90, the 32,826 women subjects not possessing diabetes, cardiovascular disease

(CVD)or cancer. The blood test outcomes at 10 years in a follow up study illustrated that 698 women generated diabetes,
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with 716 BMI, age, fasting status as well as race matched controls evaluated as well as contrasted. escalated ferritin amounts
were had an association with an escalated risk of T2DM in healthy women (that was not dependent on known chances of

Diabetes), that was more correlated with a lesser ratio of transferrin Receptors to ferritin [82].

Iron is a strong pro-oxidant in addition to correlation of escalated, oxidative stress (OS) with high body iron amounts can
escalate the T2DM risk [83]. A lot of epidemiological studies have detailed an association with great Iron stores through
circulating ferritin amounts with T2DM along with other insulin resistant states [84]. Insulin sensitivity in human beings got
enhanced following phlebotomy via reduction of Iron amounts that pointed that an association with iron overload along with
diabetes risk exists [85]. In placenta iron is in plenty as well as aids in the generation of free radicals, that has a part in GDM,
influencing around 7%of all pregnancies. For contrasting iron status at 24-28 weeks of pregnancy, 34 women had a diagnosis
of GDM whereas 34 non GDM women in the control group were evaluated for ferritin, haemoglobin (Hb), serum iron, mean
corpuscular volume (MCV), total iron binding capacity (TIBC), mean corpuscular haemoglobin (MCH). The tests conducted
illustrated that TIBC was lesser in the GDM group, while the amounts of serum ferritin, MCV, MCH Iron, transferrin
saturation as well as haemoglobin were greater in the GDM group [86]. The incidence in addition to anaemia risk were
evaluated as per sex in addition to glycaemic regulation status in 200 individuals with T2DM broken into 3 groups as per sex
in addition to glycaemic regulation. A greater incidence as well as risk of anaemia in women (36%) in contrast to men (27%)
where Diabetes was regulated, pointing to a poor glycaemic regulation in addition to sex variations are correlated with the

anaemia incidence in T2DM [87].

Iron Possesses a main part in the etiopathogenesis of T2DM, with not many markers of iron metabolism are existent other
than ferritin. Transferrin, soluble transferrin receptor (sTfR), transferrin saturation (TSAT), sTfR-to log 10 ferritin (STfR-F)
index and iron with dysfunctional glucose metabolism /prediabetes, T2DM along with insulin traits had an evaluation in 2893
individuals in a population-dependent cooperative health research for Augsburg (KORA) area F4 Study in Germany. TSAT
as well as iron had an inverse correlation with T2DM, thus points to a link of secondary iron metabolic markers in the
propagation of T2DM [88]. The probable implication of Iron on insulin effect along with liberation via alterations in relative
abundance was observed to escalating implicate metabolism of glucose at a lot of levels [77]. Obesity is an excessive adipose
tissue collection that may have harmful actions on health. Particularly, childhood obesity has become one of the main public
health problems in the 21% century, since its prevalence has widely increased in recent years. Childhood obesity is intimately
related to the development of several comorbidities like nonalcoholic fatty liver disease (NAFLD), dyslipidemia, T2DM,
non-congenital CVD, chronic inflammation and anemia, besides others. Within this complicated interplay between these
comorbidities and correlated pathological conditions, obesity has been intricately associated with significantly greater
disturbances in iron metabolism. Recently Gonzalez-Dominguez et al. [89], summarized the proof with regards to the part of
the detailed constituents of iron metabolism and their alterations in obesity. Iron is the second most abundant metal on Earth,
but its bioavailability is inhibited ed by its capacity to generate highly insoluble oxides, with iron deficiency being the
commonest nutritional disorder. Although every living organism needs iron, it may also result in toxic oxygen damage by
producing oxygen free radicals via the Fenton reaction. Hence, iron homeostasis and metabolism must be tightly regulated in
humans at every level (i.e., absorption, storage, transport, recycling). Dysregulation of any step involved in iron metabolism

may lead to iron deficiencies and, eventually, to the anemic state related to obesity (FIG. 2) [89].
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FIG. 2. Courtesy ref no 89-Physiology of Iron Metabolism. Iron ingested from the diet (A), is reduced from Fe3+ to
Fe2+ in the stomach (B). In the duodenum, enterocytes transport Fe2+, heme groups and ferritin across the
microvillus membrane (C). Fe2+ is transported by ferroportin across the basolateral membrane into the portal system
and must be oxidized to Fe3+ for binding to transferrin and other molecules with high affinity for Fe3+ to be
transported to the liver. Transferrin-bound iron is necessary for cells expressing transferrin receptors for uptake of
iron, mainly for production of heme proteins (D). Transferrin-bound iron is taken up by myocytes, where Fe3+ is
oxidized again to Fe2+ in order to be incorporated into myoglobin (E), hepatocytes being the main ferritin store (F),
and by proerythroblasts for synthesis of hemoglobin (G). When mature erythrocytes die, macrophages liberate Fe2+
from hemoglobin, which is oxidized again to recirculate bound to transferrin (H). Finally, 1-2 mg iron is lost per day
from the organism by desquamation, bleeding and other mechanisms (I). Vit. C: vitamin C; DMTL1: divalent metal
transporter 1; ZIP 14/8: Zrt-Irt-like protein 14 and 8; DcytB: duodenal cytochrome B; STEAP 2: six-transmembrane
epithelial antigen of the prostate 2; HCP1: heme carrier protein 1; AP2: adaptor-related 2 protein; PCBP: poly (rC)
binding protein; LIP: labile iron pool; HO1: heme oxygenase 1; FPN1: ferroportin 1; HEPH: hephaestin; CP:
ceruloplasmin; FLVCR: feline leukemia virus subgroup C; BCRP: breast cancer-resistant protein; Tf: transferrin;
TfR: transferrin receptor; CAT: catalase; Scara 5: scavenger receptor class A, member 5; TIM2: T-cell
immunoglobulin and mucin domain-containing protein 2; STEAP 3: six-transmembrane epithelial antigen of the
prostate 3; NCOA4: nuclear receptor coactivator 4; BFU-e: burst forming unit-erythroid; CFU-e: colony forming
unit-erythroid; EPO: erythropoietin; Hb: hemoglobin; Hp: haptoglobin; CD163: cluster of differentiation 163;

CD91/LRP: cluster of differentiation/ low-density lipoprotein receptor related protein; HRG: heme responsive gene.

4.7 Magnesium
Magnesium represents a co-factor needed for glucose motion into the cell along with carbohydrate metabolism. It is
implicated in the cellular action of insulin. Poor Magnesium in diet represents a risk factor for diabetes [90]. Magnesium
deficiency hampers the cellular fighting ability against oxidative injury that leads to reduction in resistance to oxidative stress
secondary to diabetes, thus accelerating the propagation of diabetes associated complications. Hence hypomagnesemia might
exaggerate T2DM, nevertheless, studies illustrated that magnesium intake decreases the risk of T2DM, as well as MetS by

amelioration of insulin resistance (IR), [91]. Animal studies illustrated that dietary Mg delivery (50 mg/ml in drinking water)
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for 6 weeks reduced blood glucose amounts, enhanced mitochondrial working along with decreased Oxidative stress in
Diabetic mice [92].

A lot of studies have demonstrated that hypomagnesemia is a usual presentation in diabetes mellitus as well as takes place
with an incidence of 13.5% to 47.7% in subjects with T2DM [93]. In a study the action of insulin resistance on Mg collection
in erythrocytes was evaluated. Of the 15 Caucasians® as well as 14 Pima Indian (Pl), the PI had >IR in contrast to C’s
(p<0.0001). Baseline Mg amounts in erythrocytes demonstrated that the Mg amounts were akin in both groups. Mg amounts
were re-recorded following insulin infusion, as well as its amounts escalation was lower in PI, in contrast to Caucasians
(p<,0.03). Thus, it was concluded Mg collection in erythrocytes is secondary to the amount of IR [94]. There is a robust
correlation of Mg with Diabetes as well as hypertension. Cytosolic free Mg is mostly on lower side in Diabetic patients [95].
IR gets exacerbated by Magnesium deficiency. Hence, Diabetic patients remain at a greater risk of cardiovascular disease
(CVD) [96], while the Atherosclerosis risk in communities studies [ARIC) observed that lower dietary Mg consumption did

not escalate the risk of diabetes in middle aged population [97].

Magnesium is further a co-factor for the downstream actions of insulin cascade. Reduction in intra cellular Mg injures
tyrosine kinase action, blocking actions of insulin within the cell, leading to escalation of insulin tolerance. A lot of clinical

trials observed that magnesium administration was advantageous in a Diabetic [98].

During a cross-sectional study the plasma amount of magnesium of Diabetics were evaluated. Eleven T1DM, 25 T2DM,
along with 34 control subjects that were matched fore age, sex got recruited. Atomic spectroscopy was utilized to check the
magnesium amounts. Plasma magnesium amounts were lesser in both T2DM groups (p<0.0001). This aberration could be
presumed to be due to escalated glycation of haemoglobin. They concluded the dysfunctional metabolism might be
responsible for the diabetic complications occurring [99]. Evaluation of Magnesium amounts along with correlation with
fasting blood glucose by Sales et al. [100]. Urine plasma in addition to erythrocytes magnesium amounts were checked by
atomic absorption spectroscopy in T2DM pts recruited. Individuals with both T2DM groups had a lesser plasma magnesium
amount (p<0.0001). Urine magnesium as well as plasma magnesium had an association with fasting blood glucose, while
creatinine clearance only was linked with plasma magnesium, thus concluding that magnesium possesses a significant part

for sustenance of blood glucose amounts [100].

Malondialdehyde (MDA) as well as trace elements are important factors that work as cofactors with regards to the
pathogenesis as well as pathophysiology of DM [101]. For analyzing their aid as markers in glycaemic regulation along with
lipid status in diabetic patients, Trace elements Zn, Cu, Mg, Cr, Se, as well as malondialdehyde (MDA) were evaluated in a
small group of 50 patients presenting with DM. They further classified pts in controlled diabetic as well as uncontrolled (like
neuro/retinopathy) individuals. The mean amounts of Zn, Mg, Se were lesser in diabetic groups, awa demonstrated that there
was a significant part of positive association with Hb Alc, cholesterol, total triglycerides (TG), low density lipoprotein
(LDL) cholesterol as well as Cu, with a negative association with high density lipoprotein (HDL), Zn, Mg, as well as Se
[102]. Spiga et al. [103] evaluated association among serum Mg?* amounts, besides the initiation of T2DM in a large cohort
of well-characterized adult white subjects taking part in the CATAMERI study, who had a re-evaluation following a mean

follow-up of 5.6 = 0.9 years. In their evaluation they observed a significant negative association among Mg?* amounts,
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fasting glucose, in addition to 2h-post load glucose in subjects who underwent an OGTT. Moreover, Mg?* amounts had a
negative association with fasting insulin amounts, while positive with the lipid profile. As for the harmful actions of lower
circulating Mg?* amounts, their r data demonstrated a significant decrease of T2DM risk of about 20% for each 1 mg/dL
increase of circulating Mg?*. The present results corroborated the theory that Mg?* supplementation could mitigate insulin
sensitivity, decreasing the risk of T2DM generation [103]. Further Malinowska et al. [104], aimed to evaluate the distribution
of serum magnesium amounts in hospitalized patients as per gender, age, and result of hospitalization. The study was
conducted from February 2018 to January 2019 at the Central Clinical Hospital in Warsaw. Laboratory test results from
20,438 patients were included in this retrospective analysis. When a lower reference value 0.65 mmol/L was applied,
hypermagnesemia occurred in 196 patients (1%), hypomagnesemia in 1505 patients (7%), and normomagnesemia in 18,711
patients (92%). At a lower reference value of 0.75 mmol/L, hypomagnesemia was found in 25% and normomagnesemia in
74% of patients. At a lower reference value of 0.85 mmol/L, hypomagnesemia was observed in 60% and normomagnesemia
in 39% of patients. Either hypo- or hyper-magnesemia was correlated with escalated chances of in-hospital mortality. This
risk is the highest in patients with hypermagnesemia (40.1% of deaths), but also increases inversely with magnesium
concentration below 0.85 mmol/L. Serum magnesium concentration was not gender-dependent, and there was a little positive
association with age (p < 0.0001, r=0.07). Large fluctuations in serum magnesium amounts were correlated with escalated
mortality (p=0.0017). The results point that dysmagnesemia is associated with severe diseases and generally severe
conditions. To prevent misdiagnosis, an escalation of a lower cut-off for serum magnesium amounts to at least 0.75 mmol/L
is advocated [104]. Various studies have demonstrated that a low magnesium (Mg) consumption in the diet is correlated with
greater cardiovascular system (CVS) risk, besides a greater chance of diabetes. However, the results are not consistent in all
populations. To minimize the biases derived from diet determination, more objective biomarkers of magnesium status have
been posited. Despite at present no ideal biomarker for Mg exists, various studies have illustrated that plasma Mg amounts
might represent a relatively acceptable biomarker for cardiovascular risk evaluation. Barragan et al. [105], aimed to evaluate
the correlation with plasma Mg amounts (detected via inductively coupled plasma mass spectrometry (ICP-MS)) methods,
and cardiovascular risk factors in subjects from a general Mediterranean population (aged 18-80 years). The influence of
demographic and lifestyle variables, including adherence to the Mediterranean diet, on plasma Mg amounts were evaluated.
The mean Mg level of the population studied was 0.77 £ 0.08 mmol/L, the prevalence of hypomagnesemia (<0.70 mmol/L)
being 18.6%. They did not observe any statistically significant variations among plasma Mg amounts, with sex, age, tobacco
smoking and total adherence to the Mediterranean diet (p>0.05). They revealed a statistically significant correlation among
plasma Mg amounts and the prevalence of type-2 diabetes (0.77 + 0.08 mmol/L in non-diabetics versus 0.73 + 0.13 mmol/L
in diabetics; p=0.009). Despite the low prevalence of type-2 diabetes in this population (11.24% in subjects with
hypomagnesemia versus 3.91%, in normomagnesemia; p=0.005), hypomagnesemia was correlated with greater odds of being
diabetic in contrast with normomagnesemia (OR=3.36; p=0.016, even after adjustment for sex, age, obesity, and
medications). Conversely, no statistically significant association of plasma Mg amounts with obesity, hypertension, fasting
triglycerides, HDL-cholesterol or uric acid was found. However, in contrast to what was initially expected, a statistically
significant correlation was detected among plasma Mg amounts (basically in the highest quartile) and greater total cholesterol
(p < 0.05) and LDL-cholesterol concentrations (p<0.05). In conclusion, their results aid in escalation of proof collected via a
lot of studies on the inverse association between hypomagnesemia and type-2 diabetes, as well as to the observation,
previously reported in some studies, of a direct association with hypercholesterolemia. This paradoxical link should be deeply

investigated in further studies [105].

11



www.yumedtext.com | June-2021

4.8 Selenium (Se)
Selenium (Se) in diet represents a micronutrient that is necessary for the generation of Selenoproteins for performance of
biological functions. Selenoproteins has been acknowledged for possessing antioxidant along with cytoprotective
characteristics, along with along with supplementation is thought to avoid in view of its counteracting oxidative
characteristics for the initiation of Metabolic diseases; like T2DM [106].

During a cross-sectional evaluation studies conducted in US adults, serum Se was assessed via atomic absorption
spectroscopy in a diabetic population with a fasting plasma glucose amounts of 126 mg/ml, diabetic receiving insulin therapy
in addition to a control group. Subsequently accommodating for age, sex, race along with, body mass index (BMI), the mean
variation in serum Se among diabetic along with controls was 2.1 ng/ml (95% CI 0.4 -0.8. p=0.02). Thus, concluding that
greater serum Se had a positive association with prevalence of diabetes. Nevertheless, no recommendation was advocated
with regard to Se supplementation or restrainment regarding Diabetes avoidance [107]. On the other hand, Se treatment of
0.2 pmol/ul in drinking water of non-obese diabetic mice for 3 weeks demonstrated low serum glucose amounts in addition to
enhanced lipid metabolism [108].

One more cross-sectional study that enrolled 5423 middle aged along with elderly Chinese adults was conducted for
evaluation of the association among diabetes in addition to dietary Se. In the study population the prevalence was 9.7% [106].
A significant positive association among dietary Se intake along with diabetes was pointed by the results of the study that
was in acceptance with the conclusions from akin studies. Another cross-sectional evaluation including 8876 adults spanning
20 years of age in US under the National Health and Nutrition Examination Survey illustrated a significant positive

association of greater Se amounts along with the prevalence of diabetes [107,109].

Selenium is necessary for glutathione peroxidase (GSH-Px) enzyme action. Diabetes results in escalated oxidative burden
secondary to ROS generation. GSH-Px is a significant cellular method for protection from free radicals. In a cross-sectional
evaluation, GSH-Px action along with Se amounts in the blood were assessed, in a study population of 50 diabetics from
India along with China, with age matched control population of 50 healthy college students. A significant reduction was seen
in both GSH-Px action along with Se amounts in diabetic patients. The reduction of GSH-Px action was explained by fall in

Se amounts. Thus, the pathogenesis of diabetes may thus be secondary to oxidative stress (OS) dysfunction [110].

For evaluation of the long-time exposure in addition to the risk of initiation of diabetes mellitus in healthy individuals,
Mozaffaran et al., evaluated the correlation among toenail Se along with incidence of T2DM.Slightly greater than 7000
women as well as men took part in a follow up study that was along greater than 2 decades, with the study observed that
individuals with the maximum amounts of toenail Se possessed 24% lesser risk of generation of diabetes in contrast to those
possess lower Se amounts [111]. On the other hand, in Northern Taiwan, a hospital dependent case control study implicating
847 adults (Diabetes: non-diabetes=1:2) who were greater than 40 years of age illustrated that greater Se amounts were
positively correlated with escalated chances of diabetes [112]. The advocated daily need of Se amounts is 55 mg for adults,
that can be met just with diet. Subsequently it is tough to decide if a correlation exists with Se amounts along with chances of
Diabetes since this might differ among geographical areas in addition to the source of minerals. Thus, Se supplementation is

only needed in regions where high Se soil is scanty.
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4.9 Zinc
Zinc (Zn) represents a necessary micronutrient which controls greater than 100 enzymes required for protein folding in
addition to gene expression along with generation in addition to neutralization of ROS. Zn possesses a significant part in cell
signaling like cell multiplication along with apoptosis, besides aberration in Zn homeostasis are correlated with diabetes in
addition to insulin resistance (IR). It reduces cytokine generation, with its deficit resulting in dysfunctional immunological
working [113]. Partially Zn acts as an antioxidant with its administration causing a decrease in ROS generation, that is of
advantage in ageing addition to diabetes mellitus [114]. It is key for the proper processing, storing, liberation as well as
action of insulin in mammalian pancreatic cells [115], in addition to that Zn deficiency escalates the cytokines stimulated
injury in the autoimmune attack [115]. It might aid in T2DM propagation via genetic polymorphism in the zinc-transporter 8
gene (ZnT8), besides in metallothionen (MT)-encoding genes which are correlated with T2DM [116]. Diabetes, insulin in
addition to Zinc possess a complicated association. Diabetes impacts Zinc homeostasis besides resulting in escalated urinary
loss along with reduction in total body Zinc [117]. Comparison of Zinc amounts in addition to Hb Alc amounts among
children with TLDM along with healthy controls was done in 2003. The Zinc amounts were associated significantly lesser in
diabetic children as compared to healthy controls. The serum Zinc amounts were associated negatively with HbAlc.Thus
concluding that children with TIDM had a deficiency of Zn, with Zn therapy being a probable treatment [118]. Prior animal
studies who received Zn delivery (5 mg/kg) x 1mth in diabetic rats demonstrated changed serum glucose amounts in addition

to oxidative injury markers [119].

For evaluation of the correlation serum Zinc amounts among non-insulin dependent diabetes mellitus (NIDDM) along with,
insulin dependent diabetes mellitus (IDDM) individuals. Zinc amounts were checked by spectrophotometry, that was
significantly reduced in diabetic patients in contrast to control populations. This action was more obvious in NIDDM patients
in contrast to IDDM patients (p<0.001). Hence conclusions derived were that oxidative stress was greater in diabetes mellitus
with more so in NIDDM patients [120]. In an exploratory evaluation, the association of serum Zinc amounts with diseases
like diabetes along with hypertension was analysed. The study did not find any association of Zinc amounts as well as
glucose amounts. The serum Zinc amounts were greater in patients with hypertension alone or hypertension with diabetes
mellitus. Thus, EI Zabda arrived at the conclusions that with the different Zinc amounts in both diseases, it points to a
separate etiopathological mode for the two [121]. Another cross-sectional study evaluated the association among serum Zinc
amounts in addition to TIDM correlation in children. Thirty TLDM children with age varying from 6 to 18 years got matched
with 30 healthy control children by age along with sex. Serum zinc amounts were statistically not significant (p=0,4) among
these two groups. No association was observed among these two groups. No link was seen among serum Zinc amounts,
fasting blood sugar (FBS), degree of robustness of disease (HbA1c) in addition to time period of disease. Estakhry et al.

[122]. Thus, interpreted that the serum Zinc amounts are not dependent on the glycaemic regulation [122].

In a different study both serum along with urine Zinc amounts were determined in pre diabetic in addition to diabetics
belonging to North east China. Twenty-five TIDM, 137 T2DM in addition to 50 age along with sex matched controls got
recruited. The serum Zinc amounts were diminished in both TIDM in addition to T2DM, whereas urinary Zinc amounts were
escalated in both TIDM as well as T2DM. Therapy with simvastatin was not observed to be efficacious on determination of
serum along with urine Zinc amounts. Thus, conclusions were drawn by Xu et al, [123], that further exploration is required to

find the influence of Zinc amounts on diabetes mellitus [123].
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There is a tendency for T2DM patients for generation of microangiopathic complications like diabetic nephropathy along
with diabetic retinopathy. Evaluation of microangiopathic complications on serum Zinc amounts in T2DM patients was
conducted by Meenakshi as well as Nayyar in 2013 [124]. They recruited 50 T2DM patients with under 2 microangiopathic
complications in addition to a minimum of 2 microangiopathic complications. A significantly lower serum Zinc amounts
were observed in patients with a minimum of 2 microangiopathic complications (p<0.05). They posited that these
observations were secondary to side effects of greater glucose amounts resulting in a diminished Zinc reabsorption from the
kidneys [124]. The action of T2DM on serum Zinc amounts was contrasted in a comparative study by recruiting 50 T2DM
patients in addition to 50 healthy controls. Those subjects with renal disease along with obesity got excluded. It was found
that T2DM patients possessed significantly lesser serum Zinc amounts in contrast to control subjects (p<0.0001). Thus, it was
assumed that diabetes impairs Zinc metabolism [125]. Another study contrasted the serum Zinc amounts among T2DM
patients along with healthy controls, by recruiting 50 T2DM patients in addition to 25 healthy controls, in the study.
Gagandeep et al. [126] observed that serum Zinc amounts were significantly lesser in diabetic patients (p<0.05). No
association was seen among trace elements like Zinc amounts in addition to lipid profiles. Thus, concluding that
dysfunctional metabolism of elements like Zinc might have an etiopathogenetic part in diabetes mellitus [126]. Hasanto RM
[127] tried evaluation of serum amounts of copper (Cu), zinc (Zn) and selenium (Se) in T2DM patients with adequate and
poor glycemic control. Their study got conducted at King Khalid University Hospital, Riyadh. A total of 100 consenting
T2DM patients comprising of 50 patients with glycated hemoglobin (HbAlc¢) less than 6.5% and 50 patients with HbAlc >
6.5% along with a group of 50 normal healthy individuals were recruited in the study. Serum amounts of Cu, Zn and Se were
detected by inductively coupled plasma-mass spectrometry (ICP-MS) instrument. Of the T2DM patients with HbA1c<6.5%,
mean serum Cu levels (13.4+4.3 umol/L) were not separate from the controls (14.5+1.92 umol/L) whereas Zn (9.9+2.7
pmol/Lvs 15+3.2 umol/L; p<0.0001) and Se levels (1+0.2 umol/Lvs1.62+0.2 umol/L; p<0.0004) were lower than the
controls. Among T2DM patients with HbA1¢>6.5% mean serum Cu (18.1+4.1 pmol/Lvsl 4.5+1.9 pmol/L; p<0.0001), Zn
(15+3.2 pmol/Lvs13.5+1.9 umol/L; p<0.009) and Se (1.62+0.2 pmol/Lvs1.17+0.16pumol/L;p<0.0001) were significantly
higher than the controls. HbA1c% negatively correlated with HbA1c>6.5% (r=-0.302; p<0.03). Thus, drawing conclusions

that Cu, Zn and Se homeostasis was altered in T2DM patients and differed with glycemic control.

5. Conclusions
Thus, diabetes mellitus can change the amounts of trace elements, that might lead to alterations in the nutritional status of a
person. Despite certain micronutrient which are believed to be implicated in the etiopathogenesis in addition to propagation
of diabetes mellitus, rest might be secondary to depleted or changed carbohydrates tolerance along with insulin resistance.
There are usually conflicting statements as per reports revealed by studies. The serum or tissue amounts of some elements,
like Copper, Chromium, Manganese, Iron in addition to Selenium might be greater in diabetics patients in contrast to non-
diabetic controls. Despite most of diabetics patients do not possess micronutrient deficits, zinc, magnesium along with
chromium deficiencies got noticed in a subgroup of patients. Greater cohort of studies are essential for isolation of the
micronutrient deficiencies in diabetes mellitus. Thus, trace elements deficiencies directly or indirectly have a correlation with
oxidative stress (OS) that ultimately ends in insulin resistance (IR), or diabetes. Further Tabassum et al. [128], in animal
studies aimed to evaluate the insulin sensitizing actions of Peroxisome Proliferator Activated Receptory (PPAR ) agonists on
trace elements in obesity stimulated T2DM, besides correlation with serum visfatin. Wistar rats were divided into 5 groups.

Group | acted as control. Group Il received high fat diet (HFD), Group Ill, besides receiving HFD got therapy with
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rosiglitazone (3 mg/kg) x 7d. Group 1V represented type2 diabetes mellitus rats induced via HFD in addition to low dose

streptozocin (STZ), (i.p. 35 mg/kg; Group V were rats receiving rosiglitazone (3 mg/kg) x 7d. Serum as well as tissue

electrolytes amts in addition to renal, hepatic along with cardiac tissue trace elements by flame photometer in addition to

atomic absorption spectroscopy. For evaluation of Serum visfatin ELISA was utilized. Pearson correlations were evaluated

among FBG, Serum visfatin as well as tissue trace element. This study illustrated that hyponatraemia, hypokalaemia,

hypomagnesimia in addition to hypercalcemia in HFD as well as T2DM further demonstrated escalated copper and iron

amounts, nevertheless zinc along with Selenium amounts got diminished. Rosiglitazone treatment escalated insulin

sensititizing actions, besides changing these observations. A strong correlation was seen in FBS, serum visfatin along with

trace element in HFD as well as T2DM. Thus, these findings might be utilized in avoidance of diabetic complications [128].
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