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Abstract

Background:Diabetes mellitus is a chronic illness that requires continuing medical care and ongoing patient self-management education and support to prevent acute complications and to reduce the risk of long-term complications. Diabetes care is complex and requires multifactorial risk reduction strategies beyond glycemic control. A large body of evidence exists that supports a range of interventions to improve diabetes outcomes and glycemic control is first target to achieve this .Aim of the work Our work aimed to study the effect of prolonged fasting more than 8 hours on plasma glucose level and glycemic control in type II diabetic patients.Subject and methods:The study included 415 diabetics (201 male & 214 female) with type II diabetes mellitus recruited from Fayoum university hospitals, and their age ranged from 35 to 65 years old. A Full medical history including the patient`s age, sex, duration of diabetes, drugs used in treatment of diabetes and history of hypoglycemia or DKA. All patients were instructed to have their usual medications  and  their usual dinner at the usual time   ( around 7 pm ) then venous samples were  obtained  at 8, 10, 12  and more than 12 hours  of an overnight fasting and also HbA1c was  measured.   Results showed that  after 10 hours of fasting only 10 (2.4 % ) of the patients  had  FBS readings that were inconsistent with that recorded at 8 hours of  fasting and could change the decision or the dose of the drug  or drugs used to control the blood sugar or even the whole treatment strategy compared  to the reading  at 8 hours  that  was supposed  to be  the standard  duration, while  at 12 hours or more than 12 hours of  fasting  56 (13.5 % )  and  93  (22 .4% ) of  the patients respectively had FBS readings  that  could change the  dose of the drug  or drugs used to control the blood  sugar compared to the reading  at 8 hours of fasting  and the differences were found to be statistically significant  (p <0.05).It was also found that patients treated with DPP4 inhibitors plus metformin as well treated with DPP4 inhibitors plus basal insulin  have more consistent FBS measurements at different fasting durations with less fluctuation. On the other hand patients treated  with premixed insulin or sulfonylurea have more inconsistent  FBS measurements at different fasting durations  with  more blood glucose  fluctuation.Conclusion:This study concluded that the maximum hours of overnight fasting beyond it the readings will not be accepted or it will affect the glycemic control are 10-11 fasting hours. So, we can recommend the measurement of fasting plasma glucose after overnight fasting (8 to 11 hours) to reach the target goals for good glycemic control, and to avoid diabetic complications.
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1 Introduction

Diabetes mellitus commonly known as diabetes or sugar for the public. Diabetes is a chronic medical condition which occurs when the human body is unable to produce or use insulin properly. This could be as a consequence of variable interaction of genetic and environmental factors. Diabetes mellitus is characterized by varying or persistent hyperglycemia accompanied by abnormal insulin secretion after a meal [1]. 
Diabetes mellitus affects approximately 6% of the entire population globally due to increased prevalence and propensity of diabetes to cause end-organ damage and its complications [2]. 
 Even though it was regarded as a disease of minor consequence to world health, it now occupies one of the main causes of serious maladies in the 21st century [3]. 
 The World Health Organization has suggested that over the next two decades, diabetes mellitus in the developing countries will be seen more in younger age group ranging from 20 to 45 years [4]. 
 The prevalence of diabetes mellitus for all age-groups worldwide was estimated to be 2.8% in 2000 and 4.4% in 2030. The total number of people with diabetes is projected to increase from 385 million in 2014 to 555 million in 2030. The urban population in developing countries is projected to double between 2000 and 2030. The most important demographic change to diabetes prevalence across the world is increase in the proportion of people > 65 years of age[5] and [6].
Diabetes mellitus is characterized by chronic hyperglycemia, long term diabetes mellitus is associated with damage to various organs. The cornerstone of therapy revolves around disease prevention, motivation toward healthy life style choices and complication surveillance. Education of partner or caretakers is important in maintaining positive life style change in diabetic patients. Oral hypoglycemic agents are the primary treatment of type II diabetes mellitus. Intensive treatment with insulin has been shown to have significant benefits in both type 1 and type II diabetic patients [7].
Targets for diabetic control was changed recently to be 130 mg and below for the fasting and 180 mg and below for the postprandial plasma glucose and around 7% and below for the HbA1c according to the ADA and IDF guidelines [6].
The type and dose of drugs given to the patients depend upon the fasting and postprandial plasma glucose readings as well as the HbA1c level [6].
Fasting plasma glucose is responsible for 30 to 70 % of the HbA1c value and its share increases as the HbA1c increases i.e. when diabetes is not controlled [8] and [9].
 Fasting plasma glucose determines the dose of basal insulin or the evening dose premixed insulin in patients treated with insulin [6].
The incidence of early morning hypoglycemia increases in intensively controlled fasting plasma glucose [10].
 HbA1c level is used to monitor the status of diabetes control, but it has many limitations as in pregnancy, anemia, Hemoglobinopathies, renal failure….etc and HbA1c will not help in changing the strategy of therapy if the patients developed severe fluctuations of his plasma glucose readings [11] and [12]. Fasting plasma glucose should be measured after an overnight fasting of 8 hours for diagnosing diabetes and not less than 8 hours for monitoring of fasting plasma glucose [13]. But the guidelines did not define clearly the maximum hours of fasting beyond it the readings will not be accepted or will affect the glycemic control.
In many countries all over the world for example in Egypt, people usually have their dinner between 7 and 8 pm and laboratory units usually start to work between 9 and 10 am, so the number of fasting hours is usually more than 12 hours. The same usually happens even in hospitalized patients. So, this pattern of practice needs to be studied and evaluated.

2Aim of the Work 
The aim of this work is to study the effect of prolonged fasting more than 8 hours on plasma glucose level and glycemic control in type II diabetic patients.

3 Patients and Methods

The study included 415 diabetics (201 male & 214 female) with type II diabetes mellitus recruited from Fayoum university hospitals, and their age ranged from 35 to 65 years old. A Full medical history including the patient`s age, sex, duration of diabetes, drugs used in treatment of diabetes and history of hypoglycemia or DKA. All patients were instructed to have their usual medications and their usual dinner at the usual time (around 7 pm) then venous samples were obtained at 8, 10, 12 and more than 12 hours of an overnight fasting and also HbA1c was measured. 

4Statistical Analysis
Collected data were computerized and analyzed using Statistical Package for Social Science (SPSS) version 16. Descriptive statistics were used to describe variables; percentproportion for qualitative variables. Mean ± SD and range for Quantitative variables. Student’s t-test was used to compare measures of two independent groups of quantitative data.
Chi square test was used to compare two of more than two qualitative groups. P values with significance of less than 5% were considered statistically significant. For all statistical tests, a P value less than 0.05 was used to indicate significance.

5 Results
The study included 415 diabetics (201 male & 214 female) with type II diabetes mellitus recruited from Fayoum university hospitals, and their age ranged from 35 to 65 years old. A Full medical history including the patient`s age, sex, duration of diabetes, drugs used in treatment of diabetes and history of hypoglycemia or DKA. All patients were instructed to have their usual medications and their usual dinner at the usual time (around 7 pm) then venous samples were obtained at 8, 10, 12 and more than 12 hours of an overnight fasting and also HbA1c was measured. The mean age of the study population was 50.7 ± 8.6 years old and the mean duration of diabetes was 4.9 ± 4.6 years.
Table (1): Description of blood glucose level investigations among study group. 
	Investigations
(n=415)
	Minimum 
	Maximum 
	Mean ± SD

	· HbA1c level 
	4.2
	13.7
	7.7±1.6

	Fasting blood glucose level (mg/dl)

	· After 8 hours 
	55
	322
	197±77.4

	· After 10 hours
	67
	346
	202.3±77.3

	· After 12 hours 
	76
	287
	179.6±74.9

	· After >12 hours 
	78
	268
	172.8±69.7



Table( 1):  illustrates fair control of HbA1c among diabetic patients included in study, and mean fasting blood glucose level after 8 hours (197 ± 77.4) mg/dl reaching to (172.8 ± 69.7) mg/dl after more than 12 hours fasting. 
Table (2): Description of different drugs used in controlling among study group. 
	Drug used in controlling  
	Number
(n=415)
	%

	· Sulfonylurea-metformin 
	193
	46.5%

	· Mixed insulin & metformin 
	134
	32.3%

	· DPP4 inhibitors- basal insulin
	29
	7%

	· Mixed insulin 
	31
	7.5%

	· DPP4 inhibitors- metformin
	28
	6.7%



Table (2): illustratesdifferent types of treatments used in controlling blood glucose level among study group with (46.5%) of them depend on sulfonylurea with metformin followed by (32.3%) mixed insulin with metformin, lowest percent of patients (6.7%) depend on DPP4 inhibitors with metformin.
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Figure (1): Types of drugs used in controlling diabetes mellitus
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Figure (2): Mean FBS at different times.
Figure (2): showed that there was a statistically significant difference between the mean FBS at 12 hours (178 ± 3.5 mg) or more than 12 hours (172 ± 3.7 mg) compared to the mean FBS at 8 hours (197± 5.4 mg) (p <0.05) and there was no statistically significant difference between the mean FBS at 10 hours (202± 6.8 mg) compared to the mean FBS at 8 hours
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Figure (3): Mean FBG follow-up among different types of drugs used in controlling of diabetes mellitus.
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Figure (4): Fasting blood glucose follow- up among different types of drugs.
Figure(3)& (4): illustratedifferent fasting blood glucose levels  among different drugs which clarify that  patients treated with DPP4 inhibitors  and metformin  as well as those  treated with DPP4 inhibitors and basal insulin  have more consistent FBS measurements at different fasting durations with less fluctuation. On the other hand patients treated with premixed insulin or sulfonylurea  have more inconsistent FBS measurements at different fasting durations with  more blood glucose  fluctuation.
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Figure (5 a): Inconsistent readings compared to 8 hours fasting.
This figure showed that at 12 hours of fasting or more, the readings were inconsistent in a significant percentage of patients.

Table (3): Number and percent of inconsistent FBS readings from the baseline (8 hours) at different fasting durations: 
	FBS
	8 hours
	10 hours
	12 hours
	· 12 hours

	Number
	baseline
	10
	57
	93

	percent
	baseline
	2.4%
	13.5%
	22.4%
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Figure (5b): Inconsistent readings compared to 8 hours fasting.
This figure & previous table (3):  showed that  after 10 hours  only  10  (2.4 % ) of the patients  had readings that could  change  the  decision / dose of the drug  or drugs  used to control  the blood  sugar  or even  the whole  treatment strategy compared to the reading  at 8 hours  that  was supposed  to be  the standard  duration ,  while  at 12 hours  or more  than 12 hours  of  fasting  56 (13.5 % )  and   93 (22 .4% ) of  the patients respectively  had blood glucose  readings  that  could change the  dose of the drug  or drugs  used to control  the blood  sugar. 

6 Discussion

Diabetes mellitus is undoubtedly one of the most challenging health problems in the 21st century. The International Diabetes Federation estimates that 382 million people are living with diabetes, and of these, 185 million are undiagnosed .New cases are increasing by 8.3% worldwide, and as many as 470 million people will be at risk with pre-diabetes by 2033[14].
For decades, the diagnosis of diabetes mellitus was based primarily on plasma glucose criteria. Diagnosis of a person with diabetes was limited to the measurement of fasting plasma glucose, or an oral glucose tolerance test. The scope of diagnostic methodology was extended in 2009, when an International Expert Committee that included representatives from the American Diabetes Association (ADA), the IDF, and the European Association for the Study of Diabetes (EASD) formally recommended the use of the HbA1c test to diagnose diabetes. In 2010, the ADA officially endorsed this recommendation [11] and [13].
 Previously, the measurement of HbA1c had only been permitted for the monitoring of long-term glycemic control of individuals with diabetes. In 2011, the World Health Organization (WHO) concluded that HbA1c could be used as a diagnostic test for diabetes in accordance with strict quality assurance and test standardization [15].
Accepted ADA, HbA1c test result criteria for the diagnosis of diabetes if the HbA1c level is more than 6.5 % and the potential indication of a pre-diabetic state if the HbA1c level is 5.7 to 6.4 % [6].
All forms of diabetes increase the risk of long-term complications. These typically develop after many years (10–20), but may be the first presentation in those who were not diagnosed for a long time. The major long-term complications are related to angiopathy. Diabetes doubles the risk of cardiovascular disease and about 75% of deaths in diabetics are due to coronary artery disease [16] and [17].
Targets for diabetic control were changed to be 130 mg and below for the fasting and 180 mg and below for the post -prandial plasma glucose and around 7% and below for the HbA1c according to the ADA and IDF guidelines [6].
 Fasting plasma glucose is responsible for 30 to 70 % of the HbA1c value and its share increases as the HbA1c increases i.e. when diabetes is not controlled [8] and [9].
Prevention and treatment of diabetes involve a healthy diet, physical exercise, smoking cessation, and keeping normal body weight. Blood pressure control and proper foot care are also important. Type I diabetes must be managed with insulin injections. Type II diabetes may be treated with oral medications with or without insulin[8].
Insulin secretion which promotes the storage of glucose in liver and muscle as glycogen is stimulated by feeding in healthy individuals. During fasting, circulating glucose levels tend to fall, leading to decreased secretion of insulin. Concurrently, levels of glucagon and catecholamines rise, stimulating the breakdown of glycogen and at the same time gluconeogenesis is augmented .As fasting becomes protracted for more than several hours, glycogen stores become depleted, and the low levels of circulating insulin allow increased fatty acid release from adipocytes. Oxidation of fatty acids generates ketones that can be used as fuel by skeletal and cardiac muscle, liver, kidney, and adipose tissue, thus sparing glucose for continued utilization by brain and erythrocytes [10].
In individuals without diabetes, the processes described above are regulated by a delicate balance between circulating levels of insulin and counter-regulatory hormones that maintain glucose concentrations in the physiological range. In patients with diabetes, however, glucose homeostasis is perturbed by the underlying pathophysiology and often by pharmacological agents designed to enhance insulin secretion. In patients with type I diabetes, glucagon secretion may fail to increase appropriately in response to hypoglycemia. Epinephrine secretion is also defective in some patients with type I diabetes because of a combination of autonomic neuropathy and defects associated with recurrent hypoglycemia. In patients with severe insulin deficiency, a prolonged fasting in the absence of adequate insulin can lead to excessive glycogen breakdown and increased gluconeogenesis and ketogenesis, leading to hyperglycemia and ketoacidosis. Patients with type II diabetes may suffer similar perturbations in response to a prolonged fasting; however, ketoacidosis is uncommon, and the severity of hyperglycemia depends on the extent of insulin resistance and/or deficiency [10].
The liver is one of the major targets for insulin and its counter-regulatory hormones, such as glucagon. Chronic liver disease (CLD) is often associated with glucose intolerance and diabetes. The presence of CLD is associated with significant impairment in glucose homeostasis. Glucose intolerance is seen in up to 80% of patients with CLD, and frank diabetes is present in 30–60%. Depending on its etiology, CLD has a significant impact on hepatic glucose metabolism. One of the common causes of CLD is chronic hepatitis C. Chronic hepatitis C is accompanied by insulin resistance, which causes impaired glucose tolerance. Multiple mechanisms have been implicated, including fat accumulation in hepatocytes, increased insulin resistance secondary to increased tumor necrosis factor (TNF)-α, and direct or autoimmune damage to β-cells by the virus [18].
The trend for management of diabetes is to encourage diabetics for self- monitoring of blood sugar and also for self-management depending upon the blood glucose readings, fasting, 2-hours postprandial or random as well as HbA1c every three months [19] and [20].
Fasting plasma glucose should be measured after an overnight fasting of 8 hours for diagnosing diabetes and not less than 8 hours for monitoring of fasting plasma glucose, but the guidelines did not define clearly the maximum hours of fasting beyond it the readings will not be accepted or will affect the glycemic control [13].
 In many countries all over the world for example in Egypt, people usually have their dinner between 7 and 8 pm and laboratory unites usually start to work between 9 and 10 am, so the number of fasting hours is usually more than 12 hours. The same usually happens even in hospitalized patients.
Our study aimed to study the effect of prolonged fasting more than 8 hours on plasma glucose level and glycemic control.
The study included 415 diabetics (201 male & 214 female) with type II diabetes mellitus recruited from Fayoum university hospitals, and their age ranged from 35 to 65 years old. A Full medical history including the patient`s age, sex, duration of diabetes, drugs used in treatment of diabetes and history of hypoglycemia or DKA. All patients were instructed to have their usual medications and their usual dinner at the usual time (around 7 pm) then venous samples were obtained at 8, 10, 12 and more than 12 hours of an overnight fasting and also HbA1c was measured.  
The mean age of the study population was 50.7 ± 8.6 years old and the mean duration of diabetes was 4.9 ± 4.6 years.
Regarding different types of treatments used in controlling blood glucose level among the study group, it was found that 193 patients (46.5%)   were on sulfonylurea with metformin, 134 patients (32.3%) on premixed insulin with metformin, 29 patients (7%) on DPP4 inhibitors plus basal insulin, 31 patients (7.5%) on premixed insulin& 28 patients (6.7%) depend on DPP4 inhibitors with metformin.
This study also showed that  after 10 hours of fasting only 10 (2.4 % ) of the patients  had  FBS readings that were inconsistent with that recorded at 8 hours of  fasting and could change the decision or the dose of the drug  or drugs used to control the blood sugar or even the whole treatment strategy compared  to the reading  at 8 hours  that  was supposed  to be  the standard  duration, while  at 12 hours or more than 12 hours of  fasting 56 (13.5 % )  and  93  (22 .4% ) of  the patients respectively had FBS readings  that  could change the  dose of the drug  or drugs used to control the blood  sugar compared to the reading  at 8 hours of fasting  and the differences were found to be statistically significant  (p <0.05). We searched the internet for similar work but we found no results. It was also found that patients treated with DPP4 inhibitors and metformin as well as those treated with DPP4 inhibitors and basal insulin have more consistent FBS measurements at different fasting durations with less fluctuation. On the other hand patients treated with premixed insulin or sulfonylurea have more inconsistent  FBS measurements at different fasting durations  with  more blood glucose  fluctuation.
Regarding glucose variability and fluctuationin a meta-analysis of 18 studies found similar results and stated that DPP4 inhibitors produces less blood glucose fluctuations and reported also that glucose variability is linked to vascular complications and endothelial dysfunction[21].
Our results showed that statistically significant difference between different fasting blood glucose follow up measures with p-value < 0.05, and the best control of fasting blood glucose level occurs (after 8 -10 fastinghours) among patients depend on DPP4 inhibitors with metformin and DPP4 inhibitors with basal insulin. The best drug in controlling fasting blood glucose level was DPP4 inhibitors with basal insulin. This study concludes the best hours for overnight fasting before measurement of fasting plasma glucose is (8-11 hours) to reach the target goals for good glycemic control, and to avoid diabetic complications.

7 Conclusions 
This study concludes that the maximum hours of overnight fasting beyond it the readings will not be accepted or will affect the glycemic control are 10-11 fasting hours. So, we can recommend its measurement of fasting plasma glucose after overnight fasting (8 to 11 hours) to reach the target goals for good glycemic control, and to avoid diabetic complications.

8   Limitations of the Study
No similar studies conducted before to compare the results, and to prove the maximum hours of fasting beyond it the readings will not be accepted or will affect the glycemic control. So; this pattern of practice needs to be studied and evaluated.
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