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Abstract 
The goal of this study is to evaluate the literature on the subject of medical geology's use of minerals, 
emphasizing the significance and connections between geological elements and human health. An analysis of 
earlier studies on the subject of interest was undertaken using the results of a document-based qualitative study 
that clarified the geologic origins and movement of harmful components in the environment that expose humans 
through intake of food and water. This was done taking into account the growing interest between the health and 
geoscience communities in the topic. Medical geology proposes a collaboration between two unrelated fields of 
expertise, such as Earth sciences and biomedical sciences, and it has been established that the growth of science 
and technology has facilitated the creation of new research avenues requiring interdisciplinary work with the 
participation of experts from many disciplines of expertise. Numerous factors are taken into account, including 
the relationship between environment and health, which is crucial for a wide audience, including students, 
researchers, geologists and biomedical experts, legislators, and the general public. It has been established that 
the development of science and technology has facilitated the creation of new research avenues requiring 
interdisciplinary work with the participation of experts from many disciplines of expertise. Medical geology 
proposes a collaboration between two unrelated fields of expertise, such as Earth sciences and biomedical 
sciences. The link between the environment and health is one of many considerations, and it is vital for a large 
audience, including learners, scholars, geologists and biological specialists, politicians, and the general public. 
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1. Introduction 
The use of vitamin, mineral, and other supplemental 
nutrition-based therapy has significantly increased 
in the US. In keeping with this trend, several 
healthcare practitioners are considering 
incorporating these therapies into their clinics. For 
those accustomed to conventional healthcare 
settings, this may be unfamiliar territory, but many 
patients who have been utilizing supplements for 
self-medication are already familiar with it. In 
addition to providing an overview of the most 
current pertinent research on the use of essential 
vitamins and minerals in the treatment of diabetes, 
this article aims to explain how micronutrient 
demands are determined.The impact of minerals 
and vitamins on human health is a subject of 
profound significance, as these essential nutrients 
are integral to the proper functioning and well-
being of our bodies. Minerals and vitamins play 
diverse and indispensable roles in supporting 
numerous physiological processes and biochemical 
reactions, ensuring optimal growth, development, 
and overall vitality.Minerals, such as calcium, iron, 
magnesium, zinc, and potassium, are essential for a 
range of bodily functions. They contribute to the 
structural integrity of bones and teeth, regulate 
muscle contractions, maintain fluid balance, and act 
as co-factors in enzymatic reactions vital for 

metabolic processes. On the other hand, vitamins, 
including A, B-complex, C, D, E, and K, are organic 
compounds that serve as co-enzymes, facilitating 
crucial biochemical reactions and supporting 
various bodily systems. The absence or deficiency of 
minerals and vitamins can lead to significant health 
challenges. For instance, inadequate calcium intake 
may result in weakened bones and osteoporosis, 
while iron deficiency can cause anemia and 
impaired oxygen transport. Vitamin deficiencies can 
manifest as a compromised immune system, skin 
disorders, impaired vision, and cognitive 
decline.Conversely, maintaining adequate levels of 
minerals and vitamins is essential for fostering 
optimal health. A balanced intake of these nutrients 
can promote healthy growth and development, 
support cardiovascular health, enhance cognitive 
function, and boost the body's immune response, 
fortifying it against infections and diseases. In this 
exploration of the effects of minerals and vitamins 
on human health, we will delve into the specific 
roles of various nutrients and their impact on our 
well-being. By understanding the significance of 
these essential elements and their interactions 
within the body, we can make informed decisions 
about our diets and lifestyles to optimize our health 
and lead a vibrant and fulfilling life. Throughout this 
journey, we will emphasize the importance of 
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striking a balance in nutrient intake and highlight 
evidence-based practices to maximize the positive 
effects of minerals and vitamins on human health. 
 
Minerals and vitamins play a wide range of vital 
roles in our systems. The nutrition community first 
concentrated on avoiding deficient illnesses like 
scurvy, pellagra, and rickets by comprehending the 
functions of micronutrients. As nutritional science 
became more understood, it became clear that these 
nutrients have considerably larger impacts. We now 
know that micronutrients are essential for 
controlling gene expression, metabolism, and the 
onset and progression of a number of chronic 
illnesses [1]. With more knowledge, it is also 
possible to personalize dietary advice to each 
person's particular genetic profile, potentially 
boosting the advantages and beneficial effects of 
medical nutrition therapy. 
 
The human body requires trace levels of minerals 
and trace elements, which are micronutrients. They 
do, however, display well-defined biological roles. 
Widespread issues with human health are linked to 
deficiencies in certain micronutrients. The emphasis 
of this review article is on a few of these mineral 
and trace element deficits and how they affect 
insulin resistance and diabetes. Depending on the 
makeup of the food, various populations have quite 
variable levels of trace elements. Numerous 
micronutrient deficiencies afflict considerable 
segments of the population in numerous Asian 
nations. Local dietary variations in selenium, zinc, 
copper, iron, chromium, and iodine are present in 
both industrialized and developing nations, mostly 
as a result of malnutrition and reliance on 
traditional diets. 
 
Insulin resistance and an imbalance in glucose 
homeostasis may result from these deficits and, in 
rare instances, excesses of critical trace elements. 
Iodine, selenium, zinc, calcium, chromium, cobalt, 
iron, boron, and magnesium deficiency are the 
major problems, affecting at least one billion people 
worldwide. The effects of micronutrient deficiencies 
on diabetes and insulin resistance in individuals of 
various racial backgrounds from regions of Asia, 
Africa, and North America are examined in this 
review, which includes a variety of cohort and case-
controlled studies, observational and laboratory-
based studies, randomized controlled trials, and 
studies with significant results. Changes in the levels 
of these micronutrients in the individuals' urine and 
serum might indicate a trajectory toward oxidative 
stress and metabolic changes, providing information 
about illnesses. 
 
2. Review of Literature 
The body requires minerals and trace elements as 
key micronutrients for normal function. These 

components are extremely beneficial for 
physiological processes [1]. Minerals and trace 
elements are necessary cofactors for a variety of 
enzymes and are also crucial for a number of 
biological processes. Additionally, they serve as 
stabilizing elements in proteins and enzymes. Some 
trace elements control important biological 
processes by binding to the receptor site on the cell 
membrane or altering the structural characteristics 
of the receptor to prohibit specific molecules from 
entering the cell [2]. Micronutrients have two 
purposes: they maintain healthy cellular 
architecture and they block additional pathways 
that might cause disease [3]. These essential 
micronutrients have significant physiological effects 
and are linked to diabetes [4,5]. 
 
Reputable sources, such as scientific results and 
clinical data from diabetes research, are used to 
identify crucial micronutrient deficiency/overload. 
However, because there are so many contradictory 
studies, it might be difficult for doctors to advise 
diabetics on diet [6]. Due to improvements in 
diagnosis, management, and research, diabetes 
patients now live longer, which has corresponded 
with a rise in the aged population overall. Diabetes 
alters the trace element-related antioxidant 
enzymes [7]. Diabetes mellitus has been shown in 
several cohort studies to alter the homeostasis of 
trace elements [8]. Early component abnormalities 
may severely hinder insulin metabolism [9,10,11]. 
The majority of cohort studies either focus on a 
single factor or a few ones. 
 
Organic acids, macro elements, vitamins, and trace 
elements make up the four primary subcategories of 
micronutrients. Chloride, calcium, phosphorus, 
magnesium, sodium, potassium, and iron are the 
main macroelements. On the other hand, several 
trace elements, including as cobalt, boron, 
chromium, copper, sulfur, iodine, zinc, and 
molybdenum, increase insulin action by activating 
insulin receptor sites [14]. Numerous macro and 
trace elements' mechanisms of action are changed 
in type 2 diabetes mellitus (T2DM), and these trace 
elements play specific roles in the development and 
progression of T2DM [15]. This review covers a 
wide range of laboratory-based research, 
observational studies, cohort and case-controlled 
studies, randomized controlled trials, and 
publications with significant findings. This thorough 
examination compiles research on people from 
North America, Asia, and Africa with a variety of 
ethnic backgrounds. Overall, this work lends 
credence to the hypothesis that trace element 
deficiencies may be connected to oxidative stress, 
which occurs before insulin resistance or diabetes, 
either directly or indirectly. 
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3. Results and Discussions 
4.1 Micronutrients 
Our bodies require trace amounts of vitamins and 
minerals known as micronutrients for various 
activities. They generally perform the roles of 
essential cofactors and coenzymes for metabolic 
processes. As a result, they support key cellular 
processes including glycolysis, the citric acid cycle, 
lipid metabolism, and amino acid metabolism that 
are essential for life and the production of energy 
[1]. Even minor deficient levels might lead to severe 
illness states. Research has been done on 
micronutrients as potential treatments and 
preventative measures for both type 1 and type 2 
diabetes as well as for common complications of 
diabetes [2,3]. The limitations of noninvasive 
assessment procedures are the cause of the 
difficulty in detecting micronutrient levels. The 
actual quantities of nutrients available in essential 
nutrient pools might not be adequately reflected by 
common approaches, such as measuring plasma 
nutrient levels. Additionally, nutritional assessment 
databases and methods are frequently not 
completely trustworthy [1-4]. Due to these 
methodological limitations, it has been challenging 
for researchers to plan and carry out micronutrient 
supplement studies that are targeted at people with 
deficiencies who are most likely to benefit from 
supplements. As a result, research on how 
micronutrients affect people with diabetes has 
shown a diversity of results. 
 
The use of diverse populations of diabetic patients 
with different biochemical origins, variations in 
glycemic control, variations in the doses and forms 
of micronutrients used, variability in study length, 
lack of control for the dietary contribution of 
micronutrients, and use of various biochemical 
assays and methods of analysis are additional 

research variables that may also be involved in the 
discrepancy in study findings [1-4].We won't have 
any definitive data until these methodological issues 
are resolved, most likely. Dietary reference intakes 
(DRIs) are the foundation of current dietary 
recommendations. The RDAs that were previously 
in use have been replaced by DRIs, which were 
developed in 1998. The RDA, Adequate Intake (AI), 
Estimated Average Requirement (EAR), and 
Tolerable Upper Intake Level (UL) are the four 
numbers that make up the DRIs. 
 
The quantity of nutrients deemed essential to satisfy 
the needs of almost all healthy people is known as 
the recommended daily allowance (RDA). It works 
well when utilized as an intake aim objective. 
However, because the RDA is, by definition, far 
greater than the needs of many people, intakes that 
are below the RDA are not necessarily insufficient. 
The AI is used in place of the RDA for nutrients for 
which there is presently insufficient scientific data 
to develop one. The EAR is the amount of nutrient 
intake deemed sufficient to meet the demands of 
50% of healthy individuals in a certain life stage or 
gender group. It works well for figuring out whether 
a nutritional deficiency is probable. There is a 50% 
probability that a diet will be insufficient if it falls 
below the EAR for a particular nutrient. For there to 
be a true deficit, there has to be supporting clinical 
and biochemical evidence. The UL is the most 
amount of nutrients consumed without 
experiencing any unfavorable side effects. It is 
based on healthy population individuals who are 
more prone to develop poisoning. Regular daily 
nutritional intake from diet and supplements is the 
basis for the UL. It is most suited for determining 
the amount of nutrients consumed on a daily basis 
that are likely to have major negative side effects.  
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4.2 Chromium 
To maintain a normal rate of glucose metabolism, 
you require the trace element trivalent chromium 
(Cr3+). Experimental chromium deprivation results 
in impaired glucose tolerance, however it improves 
with chromium supplementation [5]. Determining 
clinical chromium deficiency is difficult since there 
is no valid biochemical biomarker of chromium 
status [2, 5]. Studies on the effects of chromium on 
glycemic control, dyslipidemia, weight loss, body 
composition, and bone density have been conducted 
[4,5]. The current AIs for chromium are 25 g for 
females and 35 g for males. There isn't a 
standardized UL. Previously, it was believed that a 
daily consumption of up to 200 g was safe and 
adequate. Intakes of between 20 and 30 g/day are 
regarded as usual in the US [5]. 
 
Although there are various risk factors for 
micronutrient deficiencies, it is not shown that 
patients with diabetes have higher rates of 
deficiency. Low-calorie diets, becoming older, and 
hyperglycemia and glycosuria are a few of them. 
Pregnancy, breastfeeding, stress, illness, physical 
trauma, and prolonged intense activity are other 
variables that may raise chromium needs [4,5]. 
Chromium is necessary for the proper regulation of 
insulin, which in turn keeps the body's blood sugar 
under control. Thus, maintaining enough chromium 
levels is crucial. The three most common ailments in 
the US—diabetes, high blood pressure, and 
obesity—are caused by insufficient chromium 
intake, poor food choices, and a sedentary lifestyle. 
High blood sugar levels might result from a 
chromium deficiency. If you have a chromium 
deficiency, which is quite uncommon, it could be 
worth a go. If you have been told you have renal 
problems, stay away. Supplementing with 
chromium may aggravate the condition and further 
harm the kidneys. Ever since chromium (Cr) was 
identified as an important trace metal in 1955 [45], 
it has been known to significantly increase glucose 
tolerance by lowering insulin resistance. Chinese 
investigations revealed that supplemental Cr 
reduced T2DM patients' levels of insulin, 
cholesterol, blood sugar, and hemoglobin A1C in a 
dose-dependent manner [46]. 
 
Nutritional chromium enhances insulin sensitivity 
and blood lipid levels [47]. Most diets do not 
provide the 50 mg of Cr per day that is advised. 
Insufficient Cr is a factor in the signs and symptoms 
of diabetes and cardiovascular diseases [48]. In 
those with hypoglycemia, hyperglycemia, diabetes, 
and hyperlipidemia, chromium raises their glucose 
and insulin levels while having little to no effect on 
the control group. In addition to raising insulin 
sensitivity, cell sensitivity, and insulin 
internalization, chromium enhances insulin binding, 

receptor number, and insulin receptor enzymes 
[49].  
 
According to many studies on the effects of 
chromium supplementation on lipid levels and 
glucose metabolism, individuals who do not have 
diabetes were not impacted by the effects of 
chromium on lipid or glucose metabolism, but 
diabetic patients' glucose metabolism was 
significantly enhanced [66]. Cr promotes increased 
insulin binding, receptor quantity, and 
phosphorylation. A comparative study done in 
China and the US found that individuals with mild 
glucose intolerance only need 200 mg/day of Cr 
supplementation, as opposed to those with higher 
glucose tolerance and diabetes [67]. 
 
According to Rajendran et al., there is a connection 
between serum Cr levels and T2DM. They asserted 
that a decrease in Cr levels was caused by the 
metabolic response to oxidative stress in T2DM 
patients. In this study, 42 newly diagnosed T2DM 
patients were divided into two groups: well-
managed (HbA1c 7.0%) and uncontrolled (HbA1c > 
7.0%). Serum Cr concentration was assessed in both 
groups. T2DM patients with uncontrolled glucose 
levels exhibited lower serum Cr levels (0.065 0.03 
g/L vs. 0.103 0.04 g/L, p 0.05) compared to the 
control group.It was statistically significant that the 
HbA1c and serum Cr levels were adversely 
associated (r = -0.6514, p 0.0001). After 40 years of 
age, both groups' chromium levels decreased due to 
advancing age (p 0.05) [68]. Oral chromium 
picolinate treatment was shown to reduce 
hyperglycemia-mediated oxidative stress in a 
different investigation using an experimental 
diabetic rat model [69]. 
 
4.3 Cobalt 
One of the most prevalent elements in the crust of 
the planet is cobalt. Of the 70 naturally occurring 
minerals, it is one. Its origins are both human and 
natural. Common natural causes include soil and 
rock erosion and weathering. The usage of 
phosphate fertilizers on soil, cobalt-containing 
trash, and the combustion of fossil fuels are 
examples of anthropogenic sources [146]. Cobalt in 
drinking water has no established acceptable limit 
[135,136]. While most foods contain cobalt, there is 
often little of it in groundwater. Given that it is a 
component of the crucial vitamin B12, it can have 
both negative and positive impacts on human 
health. Although it has been determined to cause 
cancer in animals, the USEPA has not listed it as a 
carcinogenic substance [137].According to a 
number of studies, typical cobalt serum 
concentrations are less than 0.5 g/L. Saker et al. 
demonstrated that cobalt chloride (CoCl)'s glucose-
lowering impact reduced gluconeogenesis in 
diabetic rats [39]. In diabetic rats' visceral organs, 
cobalt alone or together with ascorbate lowers lipid 
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peroxidation [40]. Compared to their 
contemporaries without diabetes, T2D patients' 
serum cobalt levels decreased. By reducing 
oxidative stress, cobalt therapy also improved 
nephropathy and heart function in a rat model of 
type 2 diabetes [41]. 
The investigations conducted on humans to 
compare the cobalt levels in diabetes patients with 
appropriate controls are insufficient. In one 
Pakistani investigation, males in five age groups—
diabetic and non-diabetic—were the subjects [42]. 
In contrast to other research done on streptozotocin 
(STZ) treated Type 1 diabetic rats, they observed a 
greater mean cobalt content in diabetic patients 
after doing a multi-element serum analysis. In 
comparison to healthy people, Flores et al. found 
that diabetes patients had considerably greater 

serum concentrations of Al,Cd, Cu, Mn, Hg, and Ni, 
and significantly lower serum concentrations of Cr, 
Co, and V [43]. 76 individuals, ranging in age from 
52 to 8 years, had their levels of trace elements in 
the blood and urine of healthy and diabetic 
participants compared to healthy participants. 
According to the study, diabetic patients had lower 
urine levels of Cd, Co, Pb, Mn, Mo, Ni, and Se and 
higher amounts of Cr, As, Cu, and Zn compared to 
healthy people. Only the changes in Cd and Zn, 
though, were statistically significant [43]. Hexamine 
cobalt chloride, at a concentration of 2 mM, has 
been shown to prevent mouse pancreatic islet cells 
from secreting 22.2 mM of glucose-induced insulin 
without affecting glucose metabolism or Ca influx 
into the cytosol [44].. 

 

 
Figure: Flow chart of the effect of human health through minerals 

 
4.4 Vanadium 
The Scandinavian goddess associated with beauty, 
youth, and shine is whence vanadium gets its name. 
Black pepper, dill, parsley, mushrooms, and shellfish 
are a few excellent dietary sources of vanadium, but 
it's important to keep in mind that up to 90% of the 
vanadium taken from these sources is not absorbed 
by the body. Most recent studies have concentrated 
on vanadium's capacity to mimic or enhance insulin 
activity.Vanadyl sulfate is a notable vanadium form 
that has showed biological importance by favorably 
altering a number of factors including glucose 
tolerance, cholesterol levels, bones, and teeth. 
Bodybuilders and those with diabetes frequently 
take vanadyl sulfate because of its ability to imitate 
insulin. 
 
4.5 Iodine 
Reduced thyroid hormone synthesis can cause 
increased thyroid stimulating hormone (TSH) 
release and thyroid gland hypertrophy as a result of 
iodine deficiency [70]. According to a recent study, 
consuming too much iodine may impair the capacity 
of islet cells to survive and secrete insulin. 

Endoplasmic reticulum stress and the activation of 
pro-apoptotic proteins may be responsible for this 
impact [71]. Energy metabolism must be regulated 
properly by the thyroid, and poor thyroid function 
can have a big impact on blood glucose management 
in diabetics. Thyroid illness is more likely to affect 
those with diabetes mellitus [72,73]. 
 
Iodine status and urine iodine levels were examined 
in individuals with type 2 diabetes mellitus (T2DM) 
in a clinical investigation conducted in Saudi Arabia. 
According to the findings, T2DM patients had 
considerably lower urine iodine concentrations 
than healthy control persons [74]. Insulin resistance 
(IR), which has been linked to increased thyroid 
volume and nodule prevalence in individuals with 
metabolic syndrome [75,76], is a contributing factor 
to impaired glucose metabolism. Another 
investigation found that treating hyperthyroidism in 
people with diabetes mellitus reduced the 
prevalence of diabetes [77]. Additionally, a research 
on people with pre-diabetes, T2DM, and normal 
glucose metabolism in a region with mild to severe 
iodine deficiency discovered that people with 
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impaired glucose metabolism had larger thyroid 
volumes and nodule prevalence [78]. In example, 
hypothyroidism affects more women than males, 
and diabetes and hypothyroidism have been linked 
in an American Indian community. According to the 
study, women are more likely than males to have 
diabetes and hypothyroidism. Additionally, 
hypothyroidism was more prevalent in women 60 
years of age and older, suggesting that diabetes and 
American Indian women are more likely to cohabit 
[79]. 
 
4.6 Copper 
Copper is naturally found in both surface and 
groundwater, often in complex forms or as 
particulate matter [142]. It is important to note that 
copper toxicity can have severe consequences, 
ranking after mercury and cadmium in terms of 
adverse impact [143]. A noteworthy concern arises 
from the potential coincidence of ozone layer 
depletion and dietary copper deficiency, which may 
increase the risk of skin cancer in humans. The 
recommended daily intake of copper for adults 
typically ranges from 1 to 3 mg, with drinking water 
contributing 0.1 to 1 mg per day in most cases. The 
drinking water standard for copper is set at 0.05 to 
1.5 mg/L [136]. Copper is an essential trace mineral 
crucial for various enzymatic reactions within the 
human body. The brain, bones, kidneys, and liver 
harbor the highest concentrations of copper in 
humans. 
 
Copper has demonstrated beneficial therapeutic 
effects in preventing cardiovascular disease and 
treating arthritis. Even though there is scientific 
proof that copper may be absorbed through the skin 
and chelated to another compound with potential 
anti-inflammatory properties, some doctors are 
dubious about the effectiveness of wearing copper 
bracelets, despite the fact that it has been a 
traditional treatment for arthritis. Only Trace 
Minerals includes 2 mg of copper, which is within 
the healthy daily range of 1.5 to 3 mg for dietary 
copper. Unless therapeutic zinc concentrations 
(over 80 mg) are being taken, it is crucial to limit 
copper intake to no more than 3 to 4 mg per day 
since excessive copper can produce free radicals. 
When copper supplementation is already enough 
based on hair or blood tests and excess fructose is 
not ingested, the body just needs a little amount of 
copper to support biological functions. 
 
4.7 Manganese 
Manganese is a prevalent element found in various 
types of rocks and can be detected in both surface 
and groundwater, with higher concentrations often 
present in groundwater. It originates from both 
natural and human sources. Geogenic sources stem 
from the weathering of manganese-bearing 
minerals and rocks, while anthropogenic 
contributions result from industrial effluent, 

domestic sewage, and leachate from landfills, which 
release manganese into the groundwater. While 
essential for human health, the average daily dietary 
intake of manganese is approximately 1.8 mg [141]. 
The established limits for manganese in 
groundwater are typically set at 0.1 mg/L and 0.4 
mg/L [135,136]. 
 
4.8 Boron 
Each capsule of Only Trace Minerals has 3 mg of 
boron. Although there is no precise Recommended 
Daily Allowance (RDA) for boron, this important 
trace element is required for turning vitamin D into 
its active form and is critical for supporting healthy 
bones and joints. Boron significantly affects 
estrogen levels, especially in postmenopausal 
women. According to a research, eating 3 mg of 
dietary boron per day boosted levels of estradiol 
and decreased urine calcium loss by up to 44%. It is 
essential to assess the need for additional estradiol 
through blood testing, as some postmenopausal 
women may require it.Unfortunately, obtaining 
sufficient boron from the average diet is challenging 
due to its scarcity in soil and subsequently low 
levels in food, even though fruits and vegetables are 
primary sources of boron.Boron, as a micronutrient, 
plays diverse and significant roles in metabolism. It 
contributes to bone development and regeneration, 
promotes wound healing, influences sex hormone 
production, aids in vitamin D metabolism, and 
supports the absorption and utilization of calcium 
and magnesium. 
 
Research on rats has indicated that dietary boron 
affects plasma insulin concentrations, reducing 
levels in boron-supplemented rats compared to 
boron-deficient ones. Interestingly, boron deficiency 
does not seem to impact plasma glucose 
concentrations and is independent of magnesium or 
dietary vitamin D status. Boric acid, a form of boron, 
has been found to inhibit calcium release, which 
affects insulin release and brain function.Moreover, 
boron appears to impact metabolic regulation and 
enzymatic systems related to triglyceride levels, as 
shown in animal studies. In a cell model, boric acid 
and sodium pentaborate pentahydrate were found 
to inhibit adipogenesis and suppress the expression 
of adipogenesis-related genes and proteins, 
indicating potential roles in controlling adipose 
tissue growth. Additionally, boron treatment has 
shown antioxidant effects and preservation of 
pancreatic beta cells in diabetic animals. However, a 
study on normal and diabetic pregnancies did not 
find a significant correlation between maternal 
boron levels and lipid profiles. 
 
4.9 Molybdenum 
Molybdenum plays a critical role in the functioning 
of numerous enzymes and acts as a coenzyme for 
essential enzymatic processes. Some of these 
enzymes are involved in detoxifying alcohol and 
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sulfur, as well as contributing to the production of 
uric acid. Furthermore, molybdenum has been 
associated with potential cancer prevention and the 
prevention of dental cavities. Maintaining adequate 
molybdenum levels is important to avoid allergic 
reactions to sulfites, which are commonly present in 
the average diet. On average, most individuals 
consume approximately 2 to 3 mg of molybdenum 
daily, while those who consume beer and wine may 
have up to 10 mg daily. The acceptable limit for 
molybdenum in drinking water is set at 0.07 mg/L. 
Molybdenum has shown no significant negative 
interactions with other nutrients or drugs and is 
generally considered safe, except when taken in 
extremely high doses exceeding 100 mg per 
kilogram of body weight. In practical terms, this 
would amount to an astonishing 7000 mg for a 
person weighing 154 pounds. Only Trace Minerals 
contains a more appropriate and safe amount of 
molybdenum, providing 250 mcg per capsule. 
 
4.10 Zinc 
Zinc is an indispensable element found in every cell 
and serves as a vital component of over 200 
enzymes in the body. Its significance lies in 
supporting proper cell division and participating in 
more enzymatic reactions than any other mineral. 
Zinc plays a crucial role in the functioning of various 
hormones, including thymic hormones, sex 
hormones, growth hormone, and insulin. For adults, 
the Recommended Dietary Allowance (RDA) for zinc 
is 15 mg per day. A deficiency of zinc can lead to 
various symptoms, such as impaired wound healing, 
night blindness, growth retardation, mouth ulcers, a 
white coating on the tongue, and white spots on the 
fingernails. Additionally, zinc is essential for 
maintaining healthy vision, taste, and smell. In the 
human body, zinc is primarily stored in muscle 
tissue, with significant amounts found in various 
organs and tissues, including white blood cells, red 
blood cells, bone, skin, kidney, liver, pancreas, 
retina, and the prostate gland. It plays a crucial role 
in supporting healthy male sex hormones and 
prostate function, and zinc levels can be measured 
in white blood cells to assess its status in the body. 
Severe clinical disorders include connective tissue 
disease, rheumatoid arthritis, impotence/infertility, 
inflammatory bowel disease, alcoholism, night 
blindness, mental illness, and acne have all been 
linked to zinc deficiency. 
 
Additionally, zinc is necessary for a strong immune 
system. A lack of T cells, a drop in thymic hormone 
levels, and problems with vital white blood cell 
activities can all be brought on by low zinc levels. 
However, with the right zinc dosage, these effects 
can be reversed. Additionally, zinc directly inhibits 
some viruses, including those that cause the 
common cold. To maintain excellent health, a daily 
zinc intake of 15 to 80 mg is sufficient. 20 mg of zinc 
are present in Only Trace Minerals, providing more 

of this important mineral than is generally present 
in multi-nutrient supplements. Only Trace Minerals 
must not be taken with milk products, calcium 
supplements, or magnesium supplements. If Only 
Trace Minerals is taken without meals, some people 
with sensitive stomachs can suffer minor 
discomfort. 
 
4.11 Calcium 
Calcium has a big impact on both insulin secretion 
and resistance [25]. Skeletal muscles, cardiac 
muscles, platelets, and erythrocytes all experience a 
breakdown in cell regulation as a result of diabetes' 
impact on calcium homeostasis. This change in 
homeostasis may play a significant role in adequate 
insulin secretion and action, as well as a number of 
vascular issues [26,27]. The onset of type 2 diabetes 
(T2DM) is correlated with fluctuations in calcium 
and vitamin D levels, according to a 2007 study by 
Pittas et al. The incidence of T2DM or metabolic 
syndrome was found to be slightly correlated with 
low vitamin D status, calcium intake, and dairy 
consumption. Blood 25-hydroxyvitamin D (25-OHD) 
levels and the prevalence of metabolic syndrome 
and type 2 diabetes (T2DM) were examined, and the 
findings revealed inverse associations between the 
incidence of T2DM or metabolic syndrome for 
highest vs lowest combined vitamin D and calcium 
consumption. When provided as supplements, these 
two nutrients improved glucose metabolism and 
decreased the deleterious effects of hyperglycemia 
[28]. Two small group studies revealed various 
serum calcium levels.A research conducted in 
Baghdad with 30 participants aged 30 to 70 years 
revealed elevated blood calcium levels and a 
marked decline in parathyroid levels [29]. An Indian 
research, however, found that diabetes individuals 
had considerably lower blood calcium levels than 
non-diabetic controls. Furthermore, a negative link 
between elevated serum calcium levels and plasma 
blood glucose levels was seen [30]. According to 
this, people with uncontrolled hyperglycemia and 
diabetes are more likely to develop hypocalcemia 
than healthy individuals [31]. 
 
There aren't many cohort studies looking at raised 
blood calcium levels as indicators of poor glucose 
metabolism, but one of them found a higher risk of 
diabetes in people with higher serum calcium 
concentrations. In 77 patients of T2DM, the study 
revealed an overall rise in blood calcium levels 
throughout follow-up. These findings are consistent 
with cross-sectional studies that have previously 
shown that diabetic patients have higher serum 
calcium levels than non-diabetics. This association 
remained significant even after calcium supplement 
users and people with abnormal calcium levels were 
excluded, proving that elevated serum calcium 
levels are linked to an increased risk of T2DM [32]. 
A second study in Korean patients confirmed the 
correlation between the incidence of the metabolic 
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syndrome and diabetes and higher blood calcium 
levels (p 0.001). This relationship was unaffected by 
age, sex, BMI, serum creatinine, phosphorus, 
parathyroid hormone (PTH), 25-OHD levels, usage 
of tobacco or alcohol, exercise, total calorie intake, 
calcium intake, or salt intake [33]. According to 
research, calcium levels and the development of 
diabetes are intricately linked. Reduced -cell 
function is associated with abnormal calcium 
regulation, which can also have an effect on 
oxidative stress and impaired glucose homeostasis. 
High cytosolic calcium concentrations may be linked 
to insulin resistance, according to studies conducted 
in cell culture [34, 35]. Dietary calcium consumption 
has been shown to delay the onset of T2D in earlier 
dose-dependent meta-analyses of cohort studies 
[37,38]. 
 
 
 
 

4.12 Iron 
The bidirectional relationship between iron 
metabolism and glucose homeostasis is becoming 
more well acknowledged, and iron plays a key role 
in glucose metabolism [80]. A significant factor 
influencing glucose metabolism may be impaired 
iron absorption. Serum ferritin concentrations in 
persons with type 2 diabetes mellitus (T2DM) may 
have an impact on insulin sensitivity, viscosity, 
oxidative damage, and vascular resistance. Both 
blood ferritin levels and body mass index (BMI) may 
be used independently as predictors in a glucose 
tolerance test [81]. According to a study on 
pregnant women without anaemia or diabetes 
mellitus before 20 weeks of gestation and tested 
again at 28 3 weeks of gestation, those who were 
diagnosed with gestational diabetes mellitus (GDM) 
had significantly higher concentrations of serum 
ferritin, iron, transferrin saturation, and post-natal 
haemoglobin, pointing to a link between higher iron 
stores and glucose intolerance [82]. 

 
HazardousMinerals Source Health effects 
Radioactive Minerals 
(U or Th) 

Radioactive minerals in soil 
and groundwater 

Renal failure, Liver effects, genotoxicity, 
neuroendocrine effects 

Crocidolite Blue Asbestos Lung diseases, including cancer 

Hydroxyapatite Bones and teeth  
Form deposits in heart valves and arteries , 
arthritis. 

Erionite Fibrous zeolite Malignant mesotheliomas in humans 
Phenacite  Beryllium containing dust  Poisoning 
K-feldspar U and Pb containing soil  Lung cancer,  nausea, irregular heartbeats. 
Chrysotile White asbestos Hardening of lung tissues, difficulty in breathing  

Quartz Fine particulate  
Respiratory effects (silicosis or 
silicotuberculosis), lung cancer. 

Fluorite Major fluoride minerals Severe  bone disorder 

Pyrite 
Acid mine waters with sulfide 
mine tailings  heavy metal poisoning 

Galena Lead in groundwater  Neurotoxicity and cardiovascular diseases 
 
According to cross-sectional research, diabetes 
patients have higher transferrin saturation levels 
than non-diabetics, and these higher levels are 
linked to lower C-reactive protein and higher fasting 
plasma glucose levels [84]. A decreased ratio of 
transferrin receptors to ferritin was also associated 
with an increased risk of type 2 diabetes in healthy 
women, according to results of another study [85]. 
Because of the well-known pro-oxidant properties 
of iron, having high levels of iron in the body 
increases the risk of type 2 diabetes [86]. High body 
iron reserves, indicated by circulating ferritin levels, 
have been associated in epidemiological studies to 
type 2 diabetes and other insulin-resistant 
conditions [87]. Phlebotomy, which lowers body 
iron levels, has been demonstrated to increase 
insulin sensitivity in people, suggesting a link 
between iron overload and the risk of developing 
diabetes [88]. Studies looking at the role of iron in 
gestational diabetes mellitus (GDM) have 
discovered that women with GDM have higher 

serum ferritin, iron, transferrin saturation, and 
haemoglobin levels than those without GDM [89]. In 
addition, women with managed diabetes had a 
higher frequency of anaemia than males did [90], 
which was related to both poor glycemic control 
and gender differences. While not many markers of 
iron metabolism are known, ferritin has been 
identified as a significant factor associated with 
T2DM. Transferrin saturation (TSAT) and iron were 
inversely associated with T2DM, indicating the 
potential association of secondary iron metabolic 
markers in the progression of the disease [91]. In 
2015, iron's influence on glucose metabolism on 
multiple levels was confirmed [80]. 
 
4.13 Selenium 
Dietary selenium (Se) is an essential micronutrient 
required for the synthesis of selenoproteins, which 
play critical roles in various biological functions, 
including antioxidant and cytoprotective properties. 
Some studies suggest that Se supplementation may 
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be beneficial in preventing metabolic diseases, 
including type 2 diabetes (T2DM) [110]. 
 
The association between serum Se levels and 
diabetes was examined using a cross-sectional 
examination of a sample of U.S. people. A control 
group, diabetics receiving insulin therapy, and 
diabetics with a fasting plasma glucose level of 126 
mg/dL were all included in the study. The study 
discovered that diabetics had a mean serum Se 
differential of 2.1 ng/mL compared to controls 
(95% CI 0.4-0.8, p = 0.02) after controlling for age, 
sex, race, and BMI. The findings showed a direct link 
between elevated blood Se levels and the incidence 
of diabetes. To avoid diabetes, the research did not 
offer any particular advice on Se supplementation 
or limitation [111, 112]. On the other hand, Se 
treatment at 0.2 mol/L in drinking water for 3 
weeks led to decreased blood glucose levels and 
enhanced lipid metabolism in a research employing 
non-obese diabetic mice [113].Another cross-
sectional investigation examined the relationship 
between dietary selenium consumption and 
diabetes in middle-aged and elderly Chinese 
individuals (5423 participants). According to the 
study's findings, there is a strong positive link 
between dietary selenium consumption and the 
prevalence of diabetes. Similarly, a cross-sectional 
analysis of over 8876 U.S. adults aged 20 and above 
under the National Health and Nutrition 
Examination Survey revealed a positive association 
between higher serum selenium levels and the 
prevalence of diabetes [110,111,114,115] 
 
4. Conclusions 
The findings of this medical geology review 
unequivocally emphasize the vital role of minerals 
and vitamins in maintaining human health. From 
bolstering immune function to aiding in essential 
biochemical processes, these micronutrients play an 
integral part in our overall well-being. As we have 
explored the relationship between geological factors 
and the presence of minerals in the environment, it 
becomes apparent that understanding these 
connections can have significant implications for 
public health initiatives and targeted interventions. 
Through an in-depth analysis of the impact of 
minerals and vitamins on human health, this 
medical geology review highlights the intricate 
relationship between geological processes and 
nutrition. The research underscores the importance 
of incorporating geoscience perspectives into public 
health strategies, particularly in regions where 
certain minerals and vitamins are deficient or 
excessive in the environment. By identifying such 
connections, we can work towards the development 
of tailored interventions to address deficiencies and 
mitigate potential health risks associated with 
excess mineral exposure. This comprehensive 
medical geology review establishes a strong 
foundation for recognizing the crucial role minerals 

and vitamins play in the maintenance of human 
health. The intricate interplay between geological 
factors and nutrition underscores the need for 
multidisciplinary collaboration between geologists, 
nutritionists, and healthcare professionals. Armed 
with this knowledge, we can implement evidence-
based strategies to optimize micronutrient intake, 
enhance public health outcomes, and improve the 
overall quality of life for diverse populations across 
the globe. 
 
The evidence presented in this medical geology 
review underscores the significance of minerals and 
vitamins in promoting human health and preventing 
various nutritional deficiencies. It highlights the 
importance of adopting a holistic approach to 
healthcare, incorporating geological factors into the 
equation to better understand the geographical 
distribution of essential nutrients. By 
acknowledging the impact of the environment on 
our nutritional status, we can develop targeted 
interventions and policies that empower individuals 
to make informed dietary choices, leading to 
healthier and more sustainable lifestyles. 
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