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Abstract: Insomnia has been associated with changes in metabolism causing irregular insulin secretion, 
insulin insensitivity, and poor glucose metabolism, increasing the risk of diabetes mellitus. Magnesium and 
potassium are electrolytes that play a key role in the regulation of sleep hormones and other factors that contribute 
to insomnia and diabetes collectively. The study contributes to the literature, as the scientific novelty of the article is 
targeting the insomnia and diabetes together with potassium and magnesium with a considerable sample size. The 
Objective of the study was the comparison between magnesium and potassium and determining their combined 
effect on insomnia, insulin resistance, and quality of life among patients with diabetes mellitus. Methods: In the 
future, a study with single blind randomized controlled trial will occur. The clinical trial registration number is 
NCT04642313. The study will occur at the Diabetes Center of Akhuwat Health Services, Lahore, within 18 months. 
Sample size will be of 320 individuals having diabetes mellitus and insomnia from both genders aged between 19 to 
65 years. The control group will be given a placebo. The experimental group will receive the intervention in the 
form of Magnesium (Mg), Potassium (K), and Mg+K tablets. Outcome measures will include dependent and 
independent variables along with BMI, blood glucose measurements, and measurement of sleep parameters. 
Quantitative data will be presented as mean and standard deviation. After the data collection, SPSS Version 25.0 
will be used for the analysis. For comparison between treatments ANOVA test will be applied while the chi-square 
test will be used to analyze categorical data. It is expected that the results will provide useful insights into the 
effectiveness of clinical interventions on the quality of life among patients with diabetes mellitus. 
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研究方案：镁与钾的比较及其对糖尿病患者失眠、睡眠激素、胰岛素抵抗和生活质

量的综合影响 
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摘要：失眠与新陈代谢的变化有关，导致胰岛素分泌不规律、胰岛素不敏感和葡萄糖代

谢不良，从而增加患糖尿病的风险。镁和钾是电解质，在调节睡眠激素和其他共同导致失眠

和糖尿病的因素中起着关键作用。该研究对文献有贡献，因为该文章的科学新颖性是针对失

眠和糖尿病以及具有相当大样本量的钾和镁。该研究的目的是比较镁和钾，并确定它们对糖

尿病患者失眠、胰岛素抵抗和生活质量的综合影响。方法：未来将进行单盲随机对照试验研

究。临床试验注册号为 NCT04642313。该研究将在 18 个月内在拉合尔阿库瓦特健康服务糖

尿病中心进行。样本量为 320 名 19 至 65 岁之间患有糖尿病和失眠症的男女。对照组将给予

安慰剂。实验组将接受镁(镁)、钾(钾)和镁+钾片剂形式的干预。结果测量将包括因变量和自

变量以及体重指数、血糖测量和睡眠参数测量。定量数据将以平均值和标准差表示。数据收

集完成后，将使用 SPSS 25.0 进行分析。对于处理之间的比较，将应用方差分析检验，而卡

方检验将用于分析分类数据。预计该结果将为临床干预对糖尿病患者生活质量的有效性提供

有用的见解。 

关键词：失眠，糖尿病，钾，镁，睡眠激素。 

 
 

1. Introduction 

Sleep is the essential component to maintain the 
good health of an individual [1]. Insomnia is defined as 
a condition that affects an individual by inability to 
obtain sufficient quality sleep or problem in 
maintaining sleep that is important for healthy 
functioning, performance, and wellbeing [2]. Insomnia 
can exist in healthy individuals or co-morbidly with 
other diseases [3]. It is described by trouble starting or 
potentially looking after rest, and is related to critical 
pain or daytime impedances, regardless of sufficient 
rest opportunity. Clinical analysis depends on the 
nearness of these abstract symptoms amid somewhere 
around three evenings for every week, for no less than 
three months [4]. Insomnia can be either acute or 
chronic or can be primary or secondary. Acute 
insomnia lasts up to three weeks and mostly has 
unidentifiable cause, while chronic insomnia is an 
abnormal state of increased responsiveness to stimuli 
called hyperarousal, and it is considered to be 
associated with a rise in sympathetic nervous system 
(SNS) activity and hormones involved in wakefulness 
and sleeplessness, for example cortisol. According to 
proofs, insomniac patients have high secretion of 
adrenocorticotropic hormone and cortisol, especially 
patients with objective short sleep duration. This shows 
elevated activity of the HPA axis [5]. Latest research 
indicated that the intolerance of glucose in the body, 
resistance to insulin hormone, decreased acute response 
of insulin to glucose, and increased chances of having 
type 2 diabetes are reasons for reduced or interrupted 
sleep [20]. In addition to this, cardiovascular diseases, 
poor life quality, and economic stress are also the 
contributors. As sleep regulates the metabolism of 

glucose and a stable internal environment and affects 
the quality of life, it is necessary to identify sleep 
issues for the management of type 2 diabetes [6]. DM 
leads to a wide range of changes in the neural structure 
of the brain, neurotransmitter levels, electrophysiology, 
and blood circulation [7, 21]. Several electrolytes and 
minerals influence the sleep cycle. Magnesium is 
important in the regulation of central nervous system 
excitability, through ion channel conductivity [8]. It 
acts as an N-methyl-D-aspartate antagonist and 
gamma-amino butyric acid agonist, thereby promoting 
sleep [9]. Magnesium supplementation improves sleep 
efficiency, sleep time and sleep onset latency, early 
morning awakening, and insomnia objective measures 
such as the concentration of serum rennin, melatonin, 
and serum cortisol, in older adults [10]. Potassium 
depletion causes glucose intolerance, which is 
associated with impaired insulin secretion. On the other 
hand, potassium infusion and hyperkalemia increase 
insulin secretion and decrease plasma glucose levels, 
possibly through modulation of the membrane potential 
of pancreatic β-cells. On the cellular level, potassium is 
central to blood glucose control by being involved in 
the secretion of pancreatic insulin [11].  

Insomnia is increasing alarmingly among the 
population; moreover, micronutrients are usually being 
ignored in the diet due to inappropriate dietary patterns 
or lack of awareness. The study is aimed to identify the 
effect of magnesium and potassium supplementation on 
insomnia patients having diabetes. This study 
hypothesized that magnesium and potassium 
supplementation affect the severity and duration of 
insomnia. This study will help determine the link 
between insomnia and micronutrients so that the 
burden of the disease in society could be reduced. 
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2. Methods 
This single-blind randomized control trial will be 

conducted at the Diabetes Center of Akhuwat Health 
Services, Lahore, within 18 months. Sample size was 
calculated using the WHO formula for sample size 
calculation. A total of 320 sample size was calculated 
after adjusting 20% drop-out rate with each treatment 
group having 80 subjects, as shown in Fig. 1. Non-
probability purposive sampling will be used to include 
patients with diabetes mellitus with insomnia aged 
between 19 and 65, of both genders. These patients 
might or might not be using antidiabetic drugs and are 
with or without hypomagnesaemia and hypokalemia. 
Patients of diabetes mellitus with insomnia having 
psychiatry reasons, any hormonal treatment, 
CVD/other metabolic co-morbidities, history of acute 
liver injury (e.g., hepatitis, ascites) or severe cirrhosis, 
renal diseases (renal stones, renal failure, dialysis), 
diabetic nephropathy, pregnancy, breast-feeding, drug-
induced insomnia, sleep disorders, sleep-related 
movement disorders (restless leg syndrome), sleep-
related respiratory disorders (sleep apnea), alcohol 
consumption, cardiac respiratory disorders, painful 
condition (apathy), history of chronic liver disease, and 
are a participant in a study of an investigational 
medication or nutritional supplements/medication 
within the past 90 days are excluded from the study. 
Patients who will fulfill the inclusion and exclusion 
criteria and give consent will be enrolled in the study. 
Patients diagnosed with diabetes mellitus (I, II) with or 
without antidiabetic drugs, visiting diabetic centres (of 
selected study settings) will be interviewed for 
insomnia; using the Insomnia Severity Index (ISI). 
Prior clinical history of the patients, fasting, random 
blood glucose level, HbA1c, and insulin values will be 
used as enrollment baseline for the study. ISI will be 
used to interview the patient for meeting the study 
criteria. If the patients are categorized according to the 
insomnia severity index, they will be enrolled for the 
study. Patients with co-morbidities mentioned above 
will not be enrolled. Unwilling patients will not be 
selected. Demographic Performa, wellbeing scoring, 
24-h dietary recall, WHOQOL-BREF will be used to 
collect data from patients. Patients’ random/fasting 
blood glucose level will be measured using the 
glucometer strip method. The patient will then be 
referred to the physician for the allocation of treatment. 
The doctor will randomly allocate any of the treatment 
groups T1, T2, T3, and T4 to the patients. Blinding will 
be done by the physician. The physician will 
administer tablets of Placebo, Magnesium (Mg), 
Potassium (K), and Mg+K to the allocated groups. For 
Placebo tablets, starch (250 mg in each tablet) will be 
used. For Mg tablets, magnesium gluconate salt will be 
used (each containing 414 mg magnesium gluconate as 
250 mg elemental Mg). For K tablets, Potassium 
chloride salt will be used. The physician will ensure the 

patient to give blood sample (in fasting) next morning 
or on the spot (if in fasting condition) to the pathology 
of visiting the Diabetes Centre of Akhuwat Health 
Services. A qualified phlebotomist will take the blood 
sample, store it, and tests will be performed for the 
following parameters: 

• Serum Mg 
• Serum K 
• Serum Melatonin 
• Serum Cortisol 
• Serum Insulin 
On-call follow-up will be taken after 7-10 days to 

determine the follow-up/dropout rate or any side effect. 
Patients will be advised for monthly follow-up, so that 
treatments/supplement could be provided again for the 
next month. After 8 weeks physician will again ensure 
the patient to give blood sample (in fasting) next 
morning or on the spot (if in fasting condition).  

 
Fig. 1 CONSORT flow diagram representing the RCT details. This 
diagram will help interpret the results of this randomized control 

trial in a more precise way 

 

 
Fig. 2 Schematic representation of the study 
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2.1. Control Group 
The control group will be given a placebo. 

 

2.2. Experimental/Treatment Group 
The experimental group will receive the 

intervention in the form of Magnesium (Mg), 
Potassium (K), and Mg+K tablets. 

 

2.3. Outcome Measures 

 
2.3.1. Independent Variables  

1. Magnesium and/or potassium supplement (250 
mg) vs. Placebo tablets once daily 

2. Age  
3. Gender  
4. Feeding (supplementation) interval  

 
2.3.2. Dependent Variables 

1. Fasting blood sugar  
2. Fasting insulin 

3. BMI 
4. Serum electrolytes (Mg, K) 
5. Homa-IR 
6. Sleep hormones: melatonin and cortisol 
7. Insomnia Severity Index 
8. Total sleep time 
9. Early morning awakening 
10. Sleep efficiency 

 

2.4. Data Analysis 
Data will be entered and analyzed using SPSS 

version 25.0. Numeric data such as age and blood 
glucose level will be presented in the form of Mean± 
SD while categorical data like gender, diabetes status, 
insomnia categories will be presented in the form of 
percent frequencies. Data such as random serum 
glucose levels and BMI will be subjected to Analysis 
of Variance (ANOVA) using factorial arrangement 
(Factors: Age (3) X Supplements (2) X Intervals (2)). 
Means will be separated using the Tukey test. 
Categorical data will be analysed using chi-square test, 
and p-value ≤ 0.05 will be considered as significant.  

 

2.5. Ethical Considerations 
The study has been approved from the Institutional 

Review Board (IRB) of The University of Lahore, 
Lahore, Pakistan with reference number: IRB-UOL-
FAHS/760/2020. The rules and regulations set by the 
ethical committee of the University of Lahore will be 
followed while conducting the research, and the rights 
of the research participants will be respected. 

 

2.6. Statement of Confidentiality 
The medical or personal information obtained from 

the participants will be kept confidential, and its 
disclosure will be prohibited. 

 

3. Discussion 
Researchers have associated disturbed sleep patterns 

and low or restricted sleep duration with the onset of 
metabolic complications such as slowing down of 
glucose metabolism and diabetes. Patients with 
diabetes tend to have disrupted circadian rhythms along 
with having a lack of sleep. A study by Buxton in 2012 
examined the effect of restricted sleep on the glucose 
metabolism in healthy people for 5 weeks. A meta-
analysis was also performed in 2015 by Shan et al. on a 
similar topic. Both studies showed a decrease in the 
resting metabolism of glucose and an increase in 
insulin resistance along with disruption of regular 
circadian rhythms, increasing overall blood glucose 
levels and the risk of diabetes [12, 13]. 

As the daily sleep debt of a person increases, it 
elevates the risk of metabolic abnormalities. A 
common commotion in metabolic activity resulting in 
insulin resistance and decreased pancreatic insulin 
secretion is seen in patients recently diagnosed with 
type 2 diabetes, having a daily sleep debt. With the 
passage of time, the risk of progressive severity in 
diabetic conditions in conjunction with obesity 
increased up to 17%, according to research conducted 
by Arora et al. in 2016 [14].  

Out of the naturally occurring minerals , magnesium 
and potassium have a profound effect on insomnia. 
Magnesium has been associated with the onset and 
improvement of sleep, actively waking up in the 
morning, and normalization of factors that contribute to 
insomnia. Low levels of magnesium or 
hypomagnesaemia are presented in patients with 
diabetes. In the body, hypomagnesaemia is linked with 
restricted sleep, changes in the circadian rhythms, and 
lack of sleep or insomnia, as depicted by studies 
performed by De Baaji in 2015 and Abbasi et al. in 
2012 [15, 16]. In an attempt to treat insomnia in 
patients with diabetes, magnesium supplementation has 
shown considerable positive effects. As magnesium 
plays a role in neural excitability and hyperarousal, its 
supplementation together with the Vitamin B complex 
positively controls and regulates normal neural 
pathways in diabetic and hypomagnesaemia patients 
[17]. 

Diabetes results in irregularities in serum electrolyte 
concentration. Parallel to magnesium potassium also 
plays a significant role in the regulation of sleep 
duration and its quality, but its mechanism is 
ambiguous and requires extensive research. However, 
hyper- and hypokalemia increase mortality in patients 
with type 2 diabetes. People having diabetes and 
hypokalemia may benefit from potassium 
supplementation; however, patients with diabetes 
presented with hyperkalemia need to lower their 
potassium levels for exhibiting normal sleep as per 
studies conducted by researchers in 2017 [18, 19].  
Evidence on the potential association between 
potassium and insomnia is still missing, and more 
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research-based data must authenticate their relationship.  
 

4. Conclusion and Recommendations 
Magnesium and potassium supplementation may 

improve insomnia, sleep hormones, insulin resistance, 
and quality of life in patients with diabetes mellitus. 
The combination of magnesium and potassium 
supplementation may have a greater effect on 
improving these outcomes compared with either 
mineral alone. According to the previous literature, 
magnesium and potassium supplementation had been 
examined on diabetes and insomnia separately, but no 
or limited research data is available on their 
combination or separate effect on diabetic people with 
insomnis. The study is unique in a way that it is 
targeting insomnia and diabetes combined, along with 
both minerals. Based on these findings, magnesium and 
potassium supplementation could be considered an 
adjunctive therapy for managing sleep disturbance and 
improving the quality of life in patients with diabetes 
mellitus. It will add new knowledge in the field by 
answering the questions not addressed in previous 
research. Novel aspects of this research are the insights 
into the role of essential micronutrients potassium and 
magnesium in insomnia in patients with diabetes. 
Healthcare providers may consider recommending 
magnesium and potassium supplementation as an 
adjunctive therapy for managing sleep disturbance and 
improving the quality of life in patients with diabetes 
mellitus. It could lead to an increased use of 
magnesium and potassium supplementation as an 
adjunctive therapy in the management of sleep 
disturbance and quality of life in patients with diabetes 
mellitus. 

 
4.1. Limitations 

The current study has been planned to conduct to on 
a specific population area, with the same ethnicity 
group, which may not lead to the diversity of study 
findings.  
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