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ABSTRACT
In the pathophysiology of Diabetes Mellitus (DM) Type 2 there are glucotoxic and lipidotoxic conditions. This situation causes insulin resistance and pancreatic β cell damage that causes pancreatic β cell apoptosis. Then there will be an increase in free fatty acids (FFA), nitric oxide (NO) and blood sugar levels that cause endothelial dysfunction. High blood sugar levels will cause an increase in HbA1c levels, which will result in a decrease in FMD.Analyzing the relationship between HbA1c and vascular function using FMD in DM patients Type 2. The study used a correlative analytic design with a cross-sectional approach in the population of DM Type 2patients seeking treatment at Dr. Mohammad Hoesin Palembang from November 2019 to January 2020. The samples taken were patients who met the inclusion criteria and were willing to participate in the study by signing informed consent. All data were analyzed using the SPSS 22.0 for windows program. A total of 30 research subjects were obtained. There was a weak correlation between FMD and HbA1c (r = -0.365; p = 0.048). There is a significant correlation with weak strength between FMD values ​​and HbA1c levels in DM patients Type 2.
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1. 
2. INTRODUCTION
The World Health Organization (WHO) has previously stated that diabetes mellitus (DM) cannot be explained in one short and clear sentence, but in general it can be considered as a group of structural and chemical problems caused by several factors, such as an absolute or relative lack of insulin, as well as impaired insulin function. Type 2 DM is a metabolic disorder characterized by increased blood sugar levels due to decreased insulin production by pancreatic β cells and/or insulin resistance. Based on the results of the 2018 Basic Health Research, the number of DM patients in Indonesia aged over 15 years reached 10.9%, and this figure continues to increase every year. Risk factors for developing type 2 DM include age, gender, obesity, hypertension, genetic factors, diet, smoking, alcohol consumption, lack of physical activity, and large waist circumference.1,2,3
Endothelial cells are a thin layer that covers the entire vascular system, located on the inside of blood vessels and attached to the basement membrane. Endothelial cells have complex roles, regulating several processes such as blood clotting, blood clot breakdown, inflammation, blood pressure, blood fat metabolism, and new blood vessel formation. If any of these functions are disrupted, it is called endothelial dysfunction. Endothelial cells are also capable of producing a substance called nitric oxide (NO), which is crucial in maintaining the relaxed state of blood vessels. NO is formed when the substance L-Arginine is converted into citrulline with the help of an enzyme called Nitric Oxide Synthase (eNOS). 
To evaluate endothelial function, there are several methods that can be used, such as magnetic resonance imaging (MRI), positron emission tomography scanning, CT scan, single photon emission CT, Doppler echocardiography, Doppler flow wire, temperature and pressure sensors on coronary wires, and Flow Mediated Dilatation (FMD). FMD is a test used to measure the ability of blood vessels to dilate in response to nitric oxide (NO). The FMD test is non-invasive and relatively inexpensive. The advantage of this test is that it is more affordable than other examination methods. The results of the FMD test can indicate the likelihood of cardiovascular disease. Every 1% increase in FMD values can reduce the risk of cardiovascular disease by 13%.4,5,6
Research on the relationship between serum HbA1c levels and vascular function assessed by FMD has yet to produce satisfactory results. The results of this study will be useful for the prevention of vascular complications in type 2 DM patients. Ultimately, this study aims to improve the quality of life of these DM patients.7

3. METHOD
This study used a correlative analytical design with a cross-sectional approach. The population studied were patients with type 2 diabetes mellitus who were treated at Dr. Mohammad Hoesin General Hospital in Palembang from November 2019 to January 2020. In this study, 30 people were selected as samples. The samples were patients who met the inclusion criteria and were willing to participate in the study by signing an informed consent form. Exclusion criteria included patients with stage III or higher diabetic nephropathy (III, IV, and V), a history of malignant disease, a history of stroke and leprosy, a history of taking isoniazid and phenytoin, stage II hypertension, and patients who were pregnant or breastfeeding. The sampling technique used was consecutive sampling, whereby patients who met the inclusion criteria were selected sequentially until the specified sample size was reached. 
Data processing and analysis were performed using SPSS 22 for Windows with a 95% confidence level. Data were presented in tables and graphs. Data were tested for normal distribution; if normal, Pearson's correlation test was used, and if not normal, Spearman's correlation test was used.

4. RESULTS 
Description of Supporting Examination Characteristic Data
Table 1. HbA1c and FMD characteristics of research subjects
	Inspection
	N (%)
	Average (± SD)
	Median (Min-Maks)

	FMD
< 7,1 %
≥ 7,1 %
	
16 (53,3%)
14 (46,7%)
	7,17 (±6,11)


	6,5 (-7 - 18)

	HbA1c
< 6.5
6.5 - 7.5
7.5 - 8.5
8.5 - 9.5
9.5 - 10.5
	
1 (3,3%)
6 (20 %)
16 (53,3%)
4 (13,3%)
3 (10 %)
	8,09 (± 0,95)
	7,95 (6,2 - 10,3)


 		
For the laboratory data in this study, all variables were numerical, so a normality test was performed before conducting descriptive analysis. The mean FMD value was 7.17 ± 6.11%. For the distribution of FMD levels < 7.1%, there were 16 subjects (53.3%), and for FMD levels ≥ 7.1%, there were 14 subjects (46.7%). The lowest FMD value was -7% and the highest was 18%. The median FMD value was 6.5%.
		The mean HbA1c value was 8.09 ± 0.95%. The distribution of HbA1c levels was < 6.5% in 1 subject (3.3%), 6.6–7.5% in 6 subjects (20%), HbA1c levels of 7.5-8.5% in 16 subjects (53.3%), HbA1c levels of 8.5-9.5% in 4 subjects (13.3%), and HbA1c levels of 9.5-10.5% in 3 subjects (10%).  The lowest HbA1c value was 6.2% and the highest was 10.3%. The median HbA1c value was 8.25%.

Distribution of FMD Values Based on Research Variable Characteristics
	    The distribution of FMD values based on gender showed 10 male subjects with an average FMD level of 9.61% and 20 female subjects with an average FMD level of 7.17%. The distribution of FMD data based on gender had a p-value > 0.05 in each group, which means that the data distribution was normal. Based on BMI, the average FMD was 6.38% in the normal BMI group, 9.55% in the overweight BMI group, and 7.9% in the obese BMI group. The distribution of FMD data based on BMI group had a p-value > 0.05 in each group, indicating a normal data distribution.
		The FMD rate based on age was found to be 9.6% on average in the <40 age group. In the 40–49 age group, the average FMD was 9.0%. In the 50–59 age group, the average was 9.01%. In the >59 age group, the average FMD was 4.68%. The distribution of FMD data based on age group had a p-value > 0.05 in each group, indicating a normal data distribution.
		The average FMD rate based on occupation was 6.7% in the self-employed group. In the civil servant group, the average FMD rate was 10.5%. In the housewife group, the average FMD rate was 4.84%. In the farmer group, the average FMD rate was 7.76%. In the retiree group, the average FMD rate was 10.3%. The distribution of FMD data based on occupational group had a p-value > 0.05 in each group, indicating a normal data distribution.

Table 2. Distribution of FMD levels in general characteristics
	Characteristics
	N
	FMD
(Mean ± SD)
	P

	Age
< 40 Years Old
40 - 49 Years Old
50 - 59 Years Old
> 59 Years Old
	
2
4
11
13
	
9,6 ± 4,38
9,0 ± 5,46
9,01 ± 5,61
4,68 ± 6,56
	

0.296
0,494
0,615


	Gender
Male
Female
	
10
20
	
9,61 ± 4,62
7,17 ± 6,11
	
0,441
0,727

	Occupation
Self-employed
Civil servant
Housewife
Farmer
Retired
	
9
5
10
3
3
	
6,67 ± 4,31
10,5 ± 7,02
4,84 ± 7,77
7,76 ± 3,16
10,3 ± 3,87
	
0,238
0,148
0,955
0,212
0,347

	Education
Not in school
Elementary school
Junior high school
High school
Bachelor's degree
	
3
2
5
10
10
	
8,50 ± 4,43
6,40 ± 7,07
2,82 ± 6,20
6,03 ± 6,87
10,25 ± 4,78
	
0,151

0,411
0,984
0,417

	BMI
Normal range
Overweight
Obese
	
22
7
1
	
6,38 ± 6,6
9,55 ± 4,34
7,9
	
0,744
0,635


Distribution of HbA1c Serum Levels Based on Research Variable Characteristics
		
The HbA1c value in this study was obtained with an average of 8.49% (lowest 6.2% and highest 10.5%). The distribution of serum HbA1c levels based on the characteristics of the study variables is shown in Table 4. The distribution of HbA1c values based on gender showed that there were 10 male subjects with an average HbA1c level of 8.54% and 20 female subjects with an average HbA1c level of 8.49%. The distribution of HbA1c data based on gender had a p-value > 0.05 in each group, which means that the data distribution was normal. Based on BMI, the average HbA1c was 8.35% in the normal BMI group, 8.72% in the overweight BMI group, and 9.7% in the obese BMI group. The distribution of HbA1c data based on BMI group had a p-value > 0.05 in each group, indicating a normal data distribution.
		HbA1c levels based on age showed an average of 8.9% in the <40 age group. In the 40–49 age group, the average HbA1c was 8.5%. In the 50–59 age group, the average HbA1c was 8.04%. In the >59 age group, the mean HbA1c was 8.8%. The distribution of FMD data based on age group had a p-value >0.05 in each group, indicating a normal data distribution.
	HbA1c levels based on occupation showed an average of 7.78% in the self-employed group. In the civil servant group, the average HbA1c was 8.8%. In the housewife group, the average HbA1c was 8.6%. In the farmer group, the average HbA1c was 10%. The retired group had an average HbA1c of 8.2%. The distribution of FMD data based on occupational group had a p-value > 0.05 in each group, indicating a normal data distribution.

Table 3. Distribution of HbA1c levels based on general characteristics
	Characteristics
	N
	HbA1c
(Mean ± SD)
	P

	Age
< 40 Years Old
40 - 49 Years Old
50 - 59 Years Old
> 59 Years Old
	
2
4
11
13
	
7,5 ± 0,56
8,17 ± 0,73
8,07 ± 0,95
8,16 ± 1,11
	

0,815
0,781
0,336

	Gender
Male
Female
	
10
20
	
7,73 ± 0,68
8,27 ± 1,03
	
0,492
0,538

	Occupation
Self-employed
Civil servant
Housewife
Farmer
Retired
	
9
5
10
3
3
	
7,76 ± 0,73
7,84 ± 0,83
8,41 ± 0,96
9,20 ± 1,21
7,30 ± 0,36
	
0,227
0,758
0,679
0,726
0,537

	Education
Not in school
Elementary school
Junior high school
High school
Bachelor's degree
	
3
2
5
10
10
	
8,36 ± 0,89
9,15 ± 1,62
8,60 ± 0,80
7,93 ± 1,02
7,70 ± 0,72
	
0,107
0,344
0,331
0,549
0,462

	BMI
Normal range
Overweight
Obese
	
22
7
1
	
8,35 ± 1,28
8,72 ± 1,02
9,7
	
0,333
0,561



The Relationship Between FMD and  Laboratory Results
         Before conducting a correlation test, a test must be performed to determine whether the FMD, HbA1c, Total Cholesterol, HDL, LDL, and Triglyceride data are normally distributed. Since the number of research samples is < 50, the p-value obtained based on Shapiro-Wilk is > 0.05, which means that the data are normally distributed. 
Table 4. Distribution of laboratory results and FMD
	Tests of Normality

	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistic
	df
	Sig.
	Statistic
	df
	Sig.

	FMD_MAX
	.089
	30
	.200*
	.977
	30
	.727

	HbA1c
	.163
	30
	.042
	.961
	30
	.336

	*. This is a lower bound of the true significance.

	a. Lilliefors Significance Correction


The correlation between FMD values and serum HbA1c levels was analyzed using Pearson's correlation test. This analysis showed a weak negative correlation between FMD values and serum HbA1c levels, with r = -0.365; p = 0.048; n = 30.
Results of the correlation test between FMD results and laboratory results
	
	FMD

	
	r
	P

	HbA1c
	- 0,365
	0,048


*Pearson's test (p is significant if <0.05), if r= 0.0 to <0.2: very weak, r= 0.2 to <0.4: weak, r= 0.4 to <0.6: moderate, r= 0.6 to <0.8: strong, r= 0.8 to 1: very strong This analysis revealed a weak negative correlation with serum HbA1c levels (r= -0.365; p=0.077; n=30).


DISCUSSION
General characteristics of the research subjects
In this study, there were more female subjects than male subjects. Of the 30 respondents, there were 10 men and 20 women. The results of this study are in line with data from the 2018 Basic Health Research (Riskesdas), which shows that the prevalence of diabetes mellitus (DM) in men is 40% and in women is 60%. These findings are also consistent with epidemiological data from the WHO, which shows that the frequency of DM in women reaches 5.9%, which is higher than the frequency of DM in men at 5.5%.4  The oldest participant in the study was 65 years old, while the youngest was 35 years old. The 50-59 age group consisted of 11 people (36.7%), while the >59 age group was the largest with 13 people (43.3%). These results are consistent with data from the 2018 Basic Health Research (Riskesdas) study, which showed a prevalence rate of diabetes mellitus (DM) of 19.6% in the 55-64 age group, 19.6% in the 65-74 age group, and 17% in the >75 age group. This may be due to increased insulin resistance in muscle and fat tissues, or decreased insulin secretion from pancreatic beta cells.5,6,7 
From this study, there were 10 patients with high school education (33.3%) and 10 with bachelor's degree education (33.3%). These results differ from the 2018 Riskesdas study, which showed that the highest prevalence of diabetes mellitus (DM) was among patients with no schooling, at 17.2%. However, these results are consistent with Dr. Lian's 2016 study at RSMH, which showed that the highest prevalence of DM was among patients with a high school education at 43.75%.5
In this study, the most common occupations among patients were housewives/unemployed (10 people, 33.3%) and self-employed (9 people, 30%). These results differ from data from the 2018 Basic Health Research (Riskesdas), which showed that the prevalence of diabetes mellitus (DM) was highest among patients employed as civil servants at 4.2% and unemployed at 2.9%.7
Of the 30 subjects studied, most had a normal BMI, namely 22 people or 73.3 percent, while 7 people or 23.3 percent were overweight. These results are similar to research conducted by Dr. Lian at RSMH, where out of 32 patients, 20 people or 62.4 percent were diagnosed with diabetes mellitus (DM) with a normal BMI. However, these results differ from research on the prevalence of DM in productive age groups in Indonesia, where the percentage of normal BMI was 25.9 percent, overweight 22.8 percent, and obese 45.6 percent. This data also differs from the SHIELD study on the prevalence of DM, where the percentage of normal BMI was 12.2 percent, overweight 28.1 percent, and obese 26.1 percent. On the other hand, in Pavithra Vijayakumar's study in the United States, it was found that 143 subjects or 7.1 percent had a BMI of less than 25 kg/m2, 383 subjects or 19.1 percent had a BMI between 25 and 30 kg/m2, and 1,479 subjects or 73.8 percent had a BMI of more than 30 kg/m2.11,14,15,16
This study found that 12 people (40%) had a history of high blood pressure and 18 people (60%) had normal blood pressure. These data are consistent with a study in Indonesia by Laurentia Miharja, which found that 41.4% of DM patients had a history of high blood pressure. They are also consistent with a study conducted by Dr. Lian SpPD at RSMH, which found that 43.8% of DM patients had hypertension.11,18

Characteristics of the laboratory results of the research subjects
The mean HbA1c value obtained was 8.09 ± 0.95%. From the distribution of HbA1c values, there were 1 subject with HbA1c levels < 6.5% (3.3%), 6 subjects with HbA1c levels between 6.6-7.5% (20%), 16 subjects with HbA1c levels between 7.5-8.5% (53.3%), 4 subjects with HbA1c levels between 8.5 and 9.5% (13.3%), and 3 subjects with HbA1c levels between 9.5 and 10.5% (10%). These results are consistent with a study by Kurai Z in Zimbabwe, which showed an average HbA1c of 7.5%.4

Characteristics of FMD Values
The mean FMD value obtained was 7.17 ± 6.11%. This result is consistent with Omar Hahad's study in Gutenberg, Germany, which showed a mean FMD value of 6.45 ± 4.62%. Meanwhile, a study by Katerina K Naka showed a mean FMD value of 1.98 ± 1.66%. In a study by Tatsuya Maruhashi, the average FMD value was 6.16 ± 3.26%. In this study, there were 16 subjects (53.3%) with FMD levels below 7.1% and 14 subjects (46.7%) with FMD levels of 7.1% or higher.

Relationship between FMD Levels and Research Variable Characteristics
Based on gender, the distribution of FMD values showed a higher average in males, with 10 subjects having an average FMD level of 9.61 ± 4.62%. Meanwhile, in females, there were 20 subjects with an average FMD level of 7.17 ± 6.11%. These results differ from those of Tatsuya Maruhashi's study, in which the average FMD was lower in men than in women (5.92 ± 3.05% vs. 6.99 ± 3.77%). In a study by Ping Ting Yang in China, it was found that the average FMD was higher in women (7.23 ± 2.86%).17,18
Based on average BMI values, the highest FMD was found in the overweight BMI group at 9.55%, followed by the obese BMI group with an average FMD of 7.9%. The lowest FMD value was found in the normal BMI group at 6.38%. These results are consistent with Tisha Marie B's study, which found that the highest average FMD value was in the non-obese BMI group at 5.50 ± 2.14%.12,13,19
FMD levels based on age show an average of 9.6% in the under-40 age group. In the 40 to 49 age group, the average FMD is 9.0%. For the 50 to 59 age group, the average FMD reaches 9.01%. Meanwhile, in the over-59 age group, the average FMD is 4.68%. These results are consistent with research conducted by Ping Ting Yang in China, which shows that FMD values continue to decrease with age.21,22
The average FMD rate among the self-employed group was 6.7%. For the civil servant group, the average FMD was 10.5%. The housewife group had an average FMD of 4.84%. The farmer group had an average FMD of 7.76%. Meanwhile, the retiree group had an average FMD of 10.3%. 

The relationship between FMD levels and HbA1c
The correlation between FMD and HbA1c levels was analyzed using Pearson's test. The results of the analysis showed a weak negative correlation between FMD and HbA1c levels (r = -0.365; p = 0.048; n = 30). These results differ from those of Gislaine Vissoky's study, which found a relationship between FMD and HbA1c. In that study, a strong negative correlation was found (r = -0.61; p = 0.004). In a study at the University of Indonesia by Fatimah Eliana, a relationship between FMD and HbA1c was also found with a strong negative correlation (r = -0.763 and p < 0.001). In a study by Kotb NA at Tanta Teaching Hospital in Egypt, a very strong negative correlation was found between FMD and HbA1c levels (r = -0.988 and p < 0.001). Diabetes mellitus causes lasting damage to small blood vessels and major arteries, and it also affects the body's ability to repair damaged blood vessels. 22,23,24,25
A weak correlation was found between FMD and HbA1c levels. In future studies, it is recommended that more in-depth investigations be conducted with a larger sample size so that there is a more even distribution of proportions across all categories of research variables.
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