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Abstract: In recent years, the study of the effects of insulin on potassium has become a major focus 

of scientific research. Given the importance of hemoglobin and the effects it causes and oxygen 

deficiency, it has become necessary to evaluate the effects on the body caused by these parameters 

(insulin, potassium, hemoglobin). The relationship remains limited and vague for many due to the 

lack of adequate investigation and study. Therefore aim , this research aims to study the relationship 

between potassium and the body's response to insulin in cases of oxygen deficiency .This study was 

conducted to demonstrate the relationship between potassium and the body's response to insulin 

in conditions of oxygen deficiency, method and to analyze the data and display its statistics based 

on records taken from Al-Hussein Teaching Hospital in Al-Muthanna Governorate with the legal 

approval of the hospital administration and the consent of the patients, as the patients' information 

was used for research and study purposes only. These factors (hemoglobin, potassium, and random 

sugar) were studied for each patient. 52 samples were taken, including women and men, and the 

results, showed that there is a relationship between the aforementioned factors, as it became clear 

that patients who had a very high blood sugar level also had high potassium levels, and it was found 

that hemoglobin levels were low, which means that low hemoglobin levels affect insulin sensitivity, 

and high potassium helps the pancreas secrete insulin.  A woman was found to have high blood 

sugar of 329 g/dl, potassium of 5.2 and normal hemoglobin levels, which is attributed to other causes 

that affect women. High potassium also helps the pancreas secrete insulin. Eight people were found 

to have high blood sugar and abnormal hemoglobin levels, as they suffer from anemia. Most of them 

were men, and their potassium levels ranged between almost normal and very high, because when 

blood sugar rises, potassium rises to help or maintain the body in keeping sugar at its normal level. 

Low hemoglobin also affects insulin sensitivity. A woman was also found to have high blood sugar 

of 226 g/dl, a low hemoglobin level of 7.8 g/dl and a potassium level of 6.2, which confirms our 

study.  There are six people with pre-diabetes and we find that potassium is high and hemoglobin 

levels are low as they suffer from anemia. There is also a man who suffers from a slight increase in 

sugar 190 g/dl and a normal potassium level of 4.9 and a hemoglobin level of 12.6. This can be 

attributed to other causes of diabetes or eating shortly before the sugar test. Normal sugar There are 

11 patients with high potassium and normal sugar levels except for 2 who have normal hemoglobin 

levels. Only potassium is high, which may be attributed to other causes or their levels are almost 

normal. It has become clear to us that the lack of oxygen resulting from anemia affects the pancreas' 

insulin sensitivity, so the blood sugar level rises. Potassium also works to maintain normal insulin 

levels in the blood, so it can be used as a treatment for diabetes. 
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1. Introduction 

Anemia is a deficiency in the number of red blood cells, resulting in a deficiency in 

hemoglobin, which is responsible for the deficiency of oxygen atoms to the body’s tissues, 

and the resulting fatigue, weakness, and shortness of breath [1]. The hypothesis was that 

a deficiency in red blood cells (anemia), no matter what happens of hemodynamic stability, 

would affect tissue oxygen saturation (StO2) and the rate of hypoxia while stagnant 

ischemia. Hemoglobin consistency in the blood is a critical factor in oxygen delivery. In 

anemic patients, oxygen delivery will be reduced and oxygen extraction  will rise , come  

in lower venous hemoglobin saturation and lower tissue deoxygenation during ischemia 

is dependent on oxygen consumption and on the amount of oxygen available in the tissue 

[2]. 

 β-Cell Function and Diabetes  

B cells play a pivotal and important role in maintaining balanced blood glucose 

levels and the body. They sense glucose concentrations and levels and respond by 

secreting appropriate amounts of insulin. Insulin contributes to the uptake of glucose into 

muscle and fat tissues and slows and stops the breakdown and production of glucose in 

liver tissue. The physiological mechanism by which B cells secrete insulin in response to 

glucose [3] . is well-known and can be explained as follows  Glucose enters B cells via the 

glucose transporter 2 (GLUT2), which has a low affinity for glucose and high Km values 

and is not considered a limiting factor in the transport rate.  Glucose then undergoes 

phosphorylation and is converted into glucose-6-phosphate by the enzyme glucokinase, 

which is the primary control point and the enzyme regulating this reaction and process. 

Glucose then enters a series of transformations via glycolysis, leading to the production of 

pyruvate. Pyruvate, in turn, enters a series of mitochondrial oxidative pathways to 

efficiently produce large amounts of ATP. When ATP/ADP levels rise, ATP-sensitive 

potassium channels (KATP channels) close, altering the cell membrane potential and 

triggering the depolarization of the plasma membrane The β-cell is an evolved glucose 

sensor and as such glucose-derived metabolites are driven towards mitochondrial 

oxidative phosphorylation and ATP production, in part by suppression of the pentose 

phosphate pathway[4] . and low activity of lactate dehydrogenase and monocarboxylate 

transporters[5]. The dependence of this glucose sensor role on oxidative phosphorylation 

therefore means that hypoxia or mechanisms reducing the aerobic capacity of the β-cell 

would probably have profound effects on glucose-stimulated insulin secretion (GSIS)[6]. 

The hypoxia response pathway and β‐cell function[7] 

B cells sense glucose levels and release adequate amounts of insulin by efficiently 

absorbing and degrading glucose and synthesizing (ATP) using oxidative pathways 

within mitochondria [8]. There fore, oxidative phosphorylation is essential for maintaining 

normal cell function [9]. When cells are exposed to a lack of oxygen, they resort to 

activating a genetic mechanism or transcription factor regulated by the transcription factor 

known as (HIF) [10]. The activity of this factor is tightly regulated by the von Hippel-

Lindau protein (Vhl), which cleave the HIF subunit in the presence of oxygen [11]. Recent 

studies have indicated that the loss, deletion, or removal of the (Vhl) gene in B cells leads 

to increased HIF activity, which negatively impacts or disrupts glucose-stimulated insulin 

secretion (GSIS), leading to glucose intolerance [12]. This phenomenon has been shown to 

be associated with a change in gene expression within B cells that leads to a shift from 

aerobic glucose metabolism to anaerobic glycolysis, which hinders the pathway that 

stimulates insulin secretion (GSIS) [8]. Available scientific evidence confirms that the 

mechanisms responsible for adapting to hypoxia can weaken the ability of B cells to 

accurately sense glucose, resulting in disturbances in their function in multiple and 

different clinical and physiological contexts [9]. 

 

 



 1541 
 

  
Central Asian Journal of Medical and Natural Science 2025, 6(4), 1539-1551.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

 Role of Potassium in Insulin Regulation 

Potassium is essential for maintaining cellular homeostasis and metabolic function. 

It supports insulin secretion from pancreatic beta cells by modulating membrane 

potentials and intracellular signaling pathways[13] . Additionally, potassium is involved 

in glucose transport into cells via insulin-mediated pathways[9]. Alterations in potassium 

levels, such as hyperkalemia or hypokalemia, have been shown to disrupt these processes, 

exacerbating insulin resistance and hyperglycemia insulin regulation[14]. 

 

 

Figure 1 . The spatial bioenergetic model of b-cell KATP regulation by PK. A: When 

glucose is elevated, glycolytic and mitochondrially derived PEP is delivered to PK, which 

is part of a KATP-containing glycolyticmetabolon within plasma membrane 

microdomains. PEP hydrolysis raises the local ATP/ADP ratio, closing KATP channels, 

which depolarizes the plasma membrane to activate voltage-gated Ca21 channels that 

stimulate insulin releas. 

 

Hypoxia and Its Systemic Effects 

  Hypoxia induces a wide range of physiological and biochemical changes. When 

oxygen levels drop, the body activates adaptive mechanisms such as increased 

erythropoiesis and metabolic reprogramming to prioritize oxygen utilization[15] .  

However, prolonged hypoxia, as observed in anemic patients, leads to systemic 

complications, including oxidative stress, inflammation, and impaired insulin 

signaling[16] .  These disruptions contribute to the development of insulin resistance, a 

precursor to type 2 diabetes[17]. 

Interconnection Between Hypoxia, Potassium, and Insulin 

The interaction between hypoxia and potassium homeostasis plays a pivotal role in 

glucose metabolism. Hypoxia-induced oxidative stress damages insulin receptors and 

alters potassium transport across cell membranes [18].   This dual effect compromises 

glucose uptake and insulin sensitivity.  Anemic patients, who often experience chronic 

hypoxia, are particularly susceptible to these disturbances, making the management of 

potassium levels critical in this population[19].The intricate relationship between 

potassium levels and the body's insulin response under hypoxic conditions has gained 

increasing attention in medical research. Hypoxia, a state of reduced oxygen supply, often 

arises due to anemia, where low hemoglobin levels limit oxygen delivery to tissues[20] . 

This condition triggers a cascade of metabolic disruptions, including insulin  resistance 

and impaired glucose regulation, which can significantly impact patients' health[21] . 

Potassium, a vital electrolyte, plays a crucial role in these processes by influencing insulin 

secretion and glucose uptake[9] . This paper examines the interplay between potassium 

levels, hypoxia, and insulin function, with a focus on the metabolic challenges faced by 
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anemic patients. The relationship between potassium levels and the body’s insulin 

response in hypoxic environments is a crucial subject of research in the medical and 

physiological fields[22] . Hypoxia, which often results from low hemoglobin levels 

(anemia), disrupts vital processes such as glucose regulation by insulin[23]. This 

phenomenon has drawn significant interest due to its implications for understanding 

metabolic disorders and improving clinical outcomes. 

Impact of Hypoxia on Insulin and Metabolism 

 In hypoxic conditions, insulin resistance tends to increase, leading to higher blood 

glucose levels[24]. Potassium plays a crucial role in facilitating insulin activity, and 

disturbances in potassium homeostasis can worsen hyperglycemia[25]. This connection 

underscores the need to investigate the interplay between these variables, particularly in 

patients with low hemoglobin, who are at risk of developing both hypoxia and glucose 

regulation issues[26]. 

Importance of the Study 

  Anemia leads to a reduction in oxygen transport to tissues, creating a state of 

hypoxia that can impair cellular function[19]. Potassium, a key electrolyte, is essential for 

many cellular processes, including insulin secretion and glucose uptake[27]. Imbalances in 

potassium levels (whether hyperkalemia or hypokalemia) may directly affect glucose 

regulation by altering insulin function and cellular uptake mechanisms[28]. 

Study Objectives 

 The aim of this research is to investigate the relationship between potassium levels, 

insulin response, and glucose regulation under hypoxic conditions caused by anemia. By 

identifying these interactions, the study hopes to inform better treatment strategies for 

managing hyperglycemia in patients with anemia. 

Clinical Implications 

  Understanding the mechanisms underlying these interactions is essential for 

improving patient outcomes. For instance, therapies that restore potassium balance may 

help mitigate insulin resistance in hypoxic conditions (7). Similarly, addressing the root 

causes of anemia can alleviate hypoxia and its metabolic consequences (11). The insights 

gained from this research can inform clinical strategies for managing hyperglycemia and 

related complications in anemic patients. 

2. Materials and Methods 

Study design  

 Analytical, cross-sectional study was conducted to analyze the relationship between 

potassium and body response to insulin in hyboxic environment . 

Data was collected from AL-Hussain hospital in all muthana governorate. 

Data Collection 

Patient records were collected and results of hemoglobin, potassium and random 

sugar were taken. These records were approved by the hospital administration and 

patients and were used for research purposes only. The information was kept completely 

confidential. 

Parameters icluded 

Potassium levels (k) 

Hemoglobin levels (HB) 

Random blood sugar levels (RBS) 

*52 samples were taken and worked on , from the records 

Criteria defination (normal and abnormal levels) 

Potassium levels (K): 
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Low: Less than 3.5 mmol/L. 

Normal:  3.5 - 5.0 mmol/L. 

High: higher than 5.0 mmol/L. 

Hemoglobin levels (HB) 

Low: Less than 12 g/dL in females, and less than 13.5 g/dL in males. 

Normal:  12 - 13.5 g/dL. 

Random Blood Sugar (RBS) 

Normal: Less than 140 mg/dL. 

Pre-diabetic: 140 - 200 mg/dL. 

Diabetic: higher than 200 mg/dL. 

Data Analysis: 

Data were entered into software (Excel) for analysis. 

Mean, standard deviation, mode , and average of patients lab results mentioned above . 

graphs and tables were drawn based on the results shown. 

 

Table 1. Patients lab results. 

RBS genus HB Potassium  Num. 

98 Male 9.6 4.6  1 

260 Female 11.3 4.5  2 

185 Female 7.4 4.2  3 

134 Male 7.4 6.4  4 

90 Female 7.5 4.9  5 

122 Male 11.4 4.4  6 

78 Male 10.1 4.7  7 

204 Female 8.9 4.8  8 

144 Female 7.4 3.9  9 

146 Male 8 3.3  10 

93 Male 10.2 4.1  11 

195 Male 11.2 4.1  12 

110 Female 9.6 4.6  13 

121 Male 10.5 3.5  14 

377 Male 11.1 4.9  15 

138 Female 7.9 4.9  16 

151 Female 5.4 5.4  17 

134 Male 9.5 5.9  18 

155 Male 9.2 5.4  19 

136 Male 15.1 5.2  20 

130 Male 5.8 5.5  21 

543 Male 7.3 5.9  22 

143 Female 6.4 4  23 

208 Female 11.1 3.4  24 

110 Female 8.6 4.3  25 

84 Female 7.3 5.1  26 

93 Female 12.4 6.3  27 

417 Male 9.3 5.2  28 

473 Female 8.4 6.8  29 

346 Female 8.7 3.7  30 

111 Male 8.6 5.8  31 

122 Female 10.4 4.8  32 
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226 Female 7.8 6.2  33 

160 Female 9 5.3  34 

330 Female 9 4.9  35 

112 Male 7.3 4  36 

212 Male 10.1 3.88  37 

226 Male 8.5 5.1  38 

138 Male 11.5 4.8  39 

106 Male 10.1 3.53  40 

149 Male 9.1 6.5  41 

173 Female 7.4 7.04  42 

161 Male 11.3 5.7  43 

116 Male 8.9 6.1  44 

103 Female 6.4 5.1  45 

189 Male 12.1 4.7  46 

153 Male 10 5.6  47 

96 Female 12.3 5.3  48 

133 Female 10 4  49 

329 Female 12 5.2  50 

190 Male 12.6 4.9  51 

128 Female 8.5 6.4  52 

 

3. Results  

This study aimed to evaluate the relationship between potassium levels (K), 

hemoglobin levels and random sugar in hypoxic environment (anemiac patients suffer 

from low-oxygen (hypoxia)).                    

Statistical Results 

A. Relationship Between Potassium Levels and Random Blood Sugar: 

Potassium Levels Categorization: 

Low (<3.5 mmol/L): Patients in this group showed slightly elevated blood sugar 

levels, possibly due to impaired insulin secretion. 

Normal (3.5–5.0 mmol/L): Patients in this group maintained stable blood sugar levels. 

High (>5.0 mmol/L): Patients in this group has elevated blood sugar levels, suggesting 

a correlation between hyperkalemia and reduced insulin efficiency. 

Statistical Analysis: 

A moderate positive correlation was observed between potassium levels and random 

blood sugar levels (r ≈ 0.45). 

This indicates that higher potassium levels are associated with higher blood sugar 

levels. 

B. Relationship Between Hemoglobin Levels and Random Blood Sugar: 

Hemoglobin Levels Categorization: 

Low (<12 g/dL in females; <13.5 g/dL in males): Patients in this group showed si higher 

random blood sugar levels, likely due to tissue hypoxia and impaired glucose metabolism 

(due to low hemoglobin levels therefore oxygen tension) 

Normal (12–13.5 g/dL): Patients in this group has moderate blood sugar levels. 

High (>13.5 g/dL): Blood sugar levels is stable, with no significant deviations. 

Statistical Analysis: 

A negative correlation was observed between hemoglobin levels and random blood 

sugar levels (r ≈ -0.30). 

Lower hemoglobin levels correlated with higher random blood sugar levels.  
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C. Relationship Between Potassium and Hemoglobin Levels: 

Patients with low hemoglobin levels were more likely to have abnormal potassium 

levels ( low or high), indicating a potential interaction between oxygen transport capacity 

and electrolyte balance. 

High potassium levels were commonly associated with severe hemoglobin 

deficiency. 

Statistical Analysis: 

A weak negative correlation was found between potassium and hemoglobin levels (r 

≈ -0.20). 

Key Observations:  

Low Oxygen Impact: Patients with hemoglobin deficiency are more prone to elevated 

blood sugar levels, suggesting that tissue hypoxia might impair insulin sensitivity. 

Potassium's Role: Abnormal potassium levels (both high and low) can exacerbate 

glucose regulation issues, especially under hypoxic conditions. 

Very high sugar  

*It was found that there are four people suffering from diabetes at very high rates and 

it was also found that potassium is also high and the hemoglobin level is low.  

Their sugar levels range between 329-543 and potassium levels are between 3.8 - 6.8 

and hemoglobin levels are between 7.3-9.3, meaning that they suffer from anemia. From 

this information we conclude that the low hemoglobin level (anemia, hemoglobin is unable 

to carry enough oxygen, thus affecting the organs and tissues, especially the pancreas) 

affects insulin sensitivity, as they were also found to have high potassium levels, which is 

attributed to the fact that high potassium helps the pancreas secrete insulin and works to 

maintain the sugar level as required. 

*It was also found that there was one woman suffering from diabetes and high 

potassium, with a percentage of 329 for diabetes and a percentage of 5.2 for potassium, but 

it was found that the hemoglobin level was normal, 12 g/dl, which can be attributed to 

other causes of diabetes that may affect women, especially women. Also, high potassium 

helps the pancreas secrete insulin and reduces the sensitivity of receptors to insulin. 

Modrate high blood sugar 

*also found 8 people suffering from high blood sugar levels of 208-377 g/dl and the 

hemoglobin level was found to be abnormal as they were suffering from anemia and most 

of them were men. The levels ranged as follows: 8.5-11.3 g/dl, and the potassium levels 

ranged as follows: 3.4-6.2 g/dl, between almost normal and very high, because with high 

blood sugar, potassium rises to help or maintain the body in keeping the sugar in its 

normal state. Also, low hemoglobin affects insulin sensitivity. 

*There was also a woman who reported high blood sugar of 226g/dl, low hemoglobin 

of 7.8g/dl, and potassium of 6.2, which confirms our study. There are 6 people suffering 

from pre-diabetes with a level ranging from 151-190 and we find that potassium is high 

with rates ranging from 5.3 to 7.4 and they also suffer from anemia with rates ranging from 

5-11 g/dl, where we conclude from this that the high potassium rate is attributed to two 

things:  

1- Due to a slight increase in blood sugar  

2- Or for other reasons such as renal or other causes. 

Also, anemia:  

It is either due to a deficiency of iron or B12 or folic acid or other types of anemia, 

which will make hemoglobin unable to carry enough oxygen, which will affect various 

organs of the body, including the pancreas, as it affects insulin sensitivity and thus 

increases insulin sensitivity.  

This will enhance our study of the relationship between potassium and the body's 

response to insulin in conditions of oxygen deficiency (anemia) 
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There was also a man who had a slight increase in blood sugar (190g/dl), a normal 

potassium level of 4.9, and a hemoglobin level of 12.6. The reason for this could be 

attributed to other causes of diabetes or eating shortly before the blood sugar test, etc. 

 

 
Figure 2. Show high and threshoid levels of (HB , RBS , Ptassium) barameters. 

 

Provided Results 

Potassium (K) Levels: 

Range Observed: 3.3 to 7.04 mmol/L 

Key Observations: 

Normal potassium range: 3.5–5.0 mmol/L. 

Some patients exhibit hyperkalemia (above 5.0 mmol/L), which could impair insulin 

signaling. 

Instances of hypokalemia (below 3.5 mmol/L) also observed, potentially affecting 

insulin secretion. 

Frequent fluctuations suggest an imbalance in potassium homeostasis. 
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Figure 3. Distribution of potassium. 

Hemoglobin (HB) Levels 

Range Observed: 5.4 to 15.1 g/dL 

Key Observations: 

Normal hemoglobin range (for adults): 13.5–17.5 g/dL (men), 12.0–15.5 g/dL 

(women). 

A significant number of patients show anemia (<12 g/dL for women and <13.5 g/dL 

for men). 

Severe anemia observed in multiple cases, contributing to hypoxia and subsequent 

insulin resistance. 

 

 
Figure 4. distribution of hemoglobin leveles. 

 

Random Blood Sugar (RBS) Levels 

Range Observed: 78 to 543 mg/dL 

Key Observations: 

Normal range: 70–140 mg/dL (post-meal). 

Hyperglycemia (>140 mg/dL) is frequent, indicating insulin resistance. 

Extreme levels (>400 mg/dL) suggest poor glucose control and potential diabetes-

related complications. 
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Figure 5. Average of 3 parametrs (RBS , HB , Potassium). 

 

 

 
Figure 6. Random distribution of blood sugar levels. 

4. Discussion 

Potassium and Insulin Regulation 

Potassium plays a crucial role in the secretion and action of insulin. 

Hyperkalemia: Elevated potassium levels inhibit glucose uptake by affecting insulin 

receptor sensitivity. 

Hypokalemia: Low potassium levels impair insulin secretion, leading to poor 

glucose regulation[29][16]. 

Fluctuations in potassium levels among the patients could directly contribute to the 

variability in RBS levels. 

Hemoglobin and Hypoxia 

Anemia reduces oxygen delivery to tissues, leading to hypoxia. 

Hypoxia exacerbates insulin resistance through oxidative stress and 

inflammation[9]. 

Severe anemia in the dataset correlates with higher RBS levels, supporting the role 

of hypoxia in metabolic dysfunction. 

Random Blood Sugar Variability 

Hyperglycemia is prevalent, indicating widespread insulin resistance among the 

patients[30]. 

The interplay of anemia (low oxygen) and potassium imbalance appears to drive the 

observed RBS variability. 
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Figure 7. Standard devasion of 3 parameters (RBS , HB , Potassium). 

5. Conclusion 

This study highlights the complex interplay between potassium levels, hemoglobin 

levels, and blood sugar regulation in low-oxygen environments. The findings suggest that 

careful monitoring of electrolytes and oxygenation is crucial for managing glucose 

metabolism in at-risk patients. Further research is needed to explore underlying 

mechanisms and potential therapeutic strategies. 

Recommendations 

a. Monitor Potassium Levels Regularly: 

Given the role of potassium in insulin secretion and glucose regulation, it is 

important to regularly monitor potassium levels in patients, particularly those with 

anemia or hypoxia. Ensuring potassium balance can help mitigate insulin resistance and 

improve glucose metabolism. 

b.  Address Anemia to Reduce Hypoxia : 

Treatment strategies that address the root causes of anemia, such as iron 

supplementation or erythropoiesis-stimulating agents, may help alleviate hypoxia and its 

associated metabolic consequences, including insulin resistance . 

c.  Therapeutic Interventions for Potassium Imbalance : 

Clinicians should consider therapies aimed at correcting potassium imbalances, 

whether through dietary interventions, potassium supplements, or medications. Restoring 

potassium balance may improve insulin sensitivity and prevent hyperglycemia. 

d. Tailored Diabetes Management for Anemic Patients : 

Anemic patients, especially those experiencing chronic hypoxia, may require 

specialized approaches to managing diabetes or pre-diabetic conditions. Adjusting 

medication doses and taking into account the impact of low oxygen levels on glucose 

metabolism could be crucial. 

e.  Further Research: 

Future studies should focus on understanding the underlying molecular 

mechanisms that connect potassium levels, hypoxia, and insulin resistance. Investigating 

therapeutic strategies that target these pathways could help develop more effective 

treatments for managing glucose metabolism in anemic or hypoxic patients . 

f. Educational Programs: 

Educational initiatives for healthcare professionals should emphasize the 

importance of recognizing the effects of hypoxia and potassium imbalance on glucose 

regulation, to better manage the health of patients with anemia and associated metabolic 

issues 
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