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A B S T R A C T   

Background: The month of Ramadan is a holy month for Muslims. During this month, Muslims do 
not eat, drink, or smoke from sunrise to sunset. Patients with type 2 diabetes mellitus (T2DM) will 
also fast from dawn to dusk, creating a unique opportunity to study the effects of dietary changes 
during fasting period. One of the interesting results of Ramadan fasting is its effect on endothelial 
dysfunction, measured using Intercellular Adhesion Molecule-1 (ICAM-1) as a biological marker 
of endothelial function. 
Aim: To determine the changes ICAM-1 levels in T2DM and non-DM patients during Ramadan 
fasting. 
Methods: A retrospective cohort study was performed on 26 T2DM patients and 21 non-DM, age- 
matched patients (aged 19–60 years). Measurement of metabolic parameters (systolic and dia-
stolic blood pressure, total calorie intake, and intensity of physical activity), anthropometry (body 
weight, body mass index (BMI) and abdominal circumference), total dietary intake, and labora-
tory analysis (blood glucose fasting, HbA1c, lipid profile, ICAM-1) were done at 4 weeks before 
(T0) and 14 days after Ramadan fasting (T1). 
Result: The median ICAM-1 level in T2DM patients at T0 was 340.9 (193–505) ng/mL and at T1 
was 312.3 (158–581) ng/mL, while the ICAM-1 level in non-DM patients at T0 was 482 
(305–653) and at T1 was 398.4 (202–526) ng/mL. There was no significant difference of ICAM-1 
level between study groups at both T0 and T1 (p > 0.05). Both T2DM and non-DM patients had 
lower ICAM-1 level following Ramadan fasting. However, only non-DM patients had significantly 
lower post Ramadan ICAM-1 (p = 0.008) 
Conclusion: There was a significant decrease in ICAM-1 level in both T2DM and non-DM patients 
after Ramadan fasting.   
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1. Introduction 

The prevalence of diabetes has increased worldwide in the last decade. Internationally, the burden of diabetes is also very large, 
consuming about 11.6% of global health expenditure in 2015 (673 million dollars) [1]. Diabetes mellitus type 2 (T2DM) is the most 
impactful independent risk factor for coronary heart disease, known to increase the risk of cardiovascular disease by two to three times 
[2]. Endothelial lining in diabetes mellitus patients is more prone to form atherosclerotic plaques than patients without diabetes 
mellitus, inducing endothelial dysfunction [2]. 

The increasing rate of T2DM and obesity are substantial despite the efforts that have been made to reduce health costs [3]. 
Therefore, another unique approach is needed, one of which is to take advantage of the obligation to fast in some populations [4]. 
Intermittent fasting is a safe and cost-effective way to ameliorate health status [3]. Ramadan fasting is a form of intermittent fasting 
done by Muslims worldwide using the time-restricted feeding (TRF) method [3]. Existing studies support the notion that calorie re-
striction and intermittent fasting will improve the cerebrovascular, cardiovascular, and metabolic systems by decreasing insulin 
resistance and increasing insulin sensitivity. These processes could ameliorate the degree of endothelial dysfunction, especially in 
obese diabetic patients [3]. 

Although it is widely known as an important phenomenon in cardiovascular health, there has been no agreement on the ideal test 
for the evaluation of endothelial dysfunction [5]. Current measurements of circulating endothelial biomarkers is a potential alternative 
to be used in clinical trials of endothelial dysfunction [6]. Biomarker measurements are recommended as they are accurate, stan-
dardized, consistent, and suitable for most conditions, while also easily interpreted by clinicians [7]. One of the biomarkers in 
endothelial function is Intercellular Adhesion Molecule-1 (ICAM- 1). This biomarker are expressed by endothelial cells and leukocytes 
as a response to inflammatory cytokines increased levels of free fatty acids, oxidation by low-density lipoprotein (LDL), and the 
appearance of Advance Glycosylation End Products (AGEs) occurring in diabetes mellitus. 

Serum ICAM-1 (sICAM-1) is positively correlated with leukocyte binding to the blood vessels, suggesting that sICAM-1 may be used 
as a reliable measure of inflammation and endothelial dysfunction in blood vessel walls [8,9]. Previous studies have shown that fasting 
regiments will effectively reduce inflammatory biomarkers, including Ramadan fasting [10,11]. Moreover, Ramadan fasting is known 
to improve endothelial function in patients with cardiovascular diseases [12]. However, there has been no studies assessing the change 
of ICAM-1 level in diabetes mellitus patients during Ramadan fasting. This study aims to assess changes of ICAM- 1 levels in from 4 
weeks before Ramadan fasting to 14 days after Ramadan fasting, both in T2DM and non-DM adults. 

2. Material and methods 

2.1. Study subject 

This is a retrospective cohort study involved 26 T2DM and 21 non-DM patients. Subjects was recruited using consecutive method. 
This research was conducted from March until May 2019 at the Metabolic Endocrine outpatient clinic of Cipto Mangunkusumo 
Hospital (RSCM) and the Metabolic Vascular and Aging Cluster (MVA). ICAM-1 analysis was conducted from June until July 2020 from 
participants’ blood samples that have been stored in The Indonesian Medical Education and Research Institute (IMERI)-Faculty of 
Medicine, Universitas Indonesia (FKUI). 

The inclusion criteria for this study were type 2 diabetes mellitus patients aged 19–60 years old who fast during Ramadan for at 
least 14 days consecutively and age-matched non-diabetes mellitus patients who also fast during Ramadan for at least 14 days, 
consecutively. Patients with end-stage renal disease, liver cirrhosis, chronic gastrointestinal disease, cardiovascular disease, auto-
immune disease, or having non-steroidal anti-inflammatory drugs, steroids, or antibiotics within 1 month were excluded from the 
study. 

This study was approved by Ethical Committee of Faculty of Medicine Universitas Indonesia with ethical clearance number ND 
673/UN2.FI/ETIK/PPM.February 00, 2019. The consent for study and publication was obtained from the participants of the study. 

2.2. Ramadan fasting 

Ramadan fasting is an annual holy period for Muslims which follows the Islamic calendar. Therefore, it is an annual event with 
irregular cycle. In Indonesia, there are only two seasons, namely dry and monsoon season. Being a tropical country, it is hot and humid 
throughout the year, creating a stable environment. The Ramadan fasting involves one month fasting from sunrise until sunset. During 
the fasting period, those who fast do not eat, drink, or smoke. 

2.3. Examination and laboratory measurements 

Research subjects who were willing to take part in the research underwent initial screening and collection of basic data including 
history taking, physical examination, and laboratory examinations. Waist circumference was measured using an ergonomic circum-
ference measuring tape based on the WHO standard protocol. Body weight was measured in kilograms using Tanita MC780MA 
portable bio impedance analyzer (Tanita®, Japan), along with body composition such as fat percentage, lean mass, and total body 
water (TBW). The body mass index (BMI) was calculated by dividing the weight (kg) to the square of height (m) and categorized 
according to WHO Asia Pacific criteria. 

Blood sampling for laboratory examination was taken at the clinical pathology installation and stored in the MVA cluster, IMERI- 
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FKUI. Data were collected in two time frame, namely the pre-Ramadan period (four weeks before the start of Ramadan fasting (T0)) 
and the post-Ramadan period (14 days after the last day of Ramadan fasting (T1)). Blood samples were withdrawn after at least 10 h of 
fasting. A total of 5 ml of blood samples was collected through peripheral vein in vacutainer tubes containing Ethyl-
enediaminetetraacetic acid (EDTA). Serum HbA1c level was measured using A1c EZ 2.0 Glycohemoglobin Analyzer [Biohermes®, 
USA] and the other blood parameters was measured using Abbott Architect c8000 device (Abbott®, USA) using standardized method. 
The ICAM-1 level was examined by Enzyme-Linked Immunosorbent Assay (ELISA) method using human ICAM-1 ELISA Kit (RnD sys-
tem®, USA). Nutritional data was obtained using three days food record questionnaire that was confirmed by certified dietitian from 
the Southeast Asian Ministers of Education Organization Regional Center for Food and Nutrition (SEAMEO-REFCON). The nutritional 
components were analyzed using Nutrisurvey 2007 (Nutrisurvey®, Germany) consisting of total calorie intake, carbohydrates, fat, 
protein, and fiber. 

2.4. Statistical analysis 

Data processing was performed using Statistical Package for Social Sciences (SPSS) version 25 for Macintosh software (IBM®, USA). 
Data presentation was done in the form of proportions for categorical data, mean ± SB for numerical data with normal distribution, 
and median (minimum-maximum) for numerical data with abnormal distribution. Normality test was done using Kolmogorov- 
Smirnov test. 

The changes of ICAM-1 level in T2DM and non-DM were analyzed using Wilcoxon non-parametric test. The difference between 
ICAM-1 in both groups was analyzed using Mann Whitney test. Multilevel linear model multivariate test was performed to assess the 
factors affecting the changes. Statistical significance was expressed as a p value < 0.05 with 95% confidence interval. 

2.5. Result 

During the study, there were 26 T2DM subjects and 21 non-DM subjects recruited. The complete baseline characteristics of the 
subjects can be found in Table 1. There was no statistically significant difference in ICAM-1 level and ICAM-1 level change between the 
T2DM and non-DM groups (Table 2). However, there was a statistically significant change in ICAM-1 level in the non-DM group (p <
0.05). Although ICAM-1 change in the T2DM group was not statistically significant, it was clinically significant (Figs. 1 and 2). 

There was no statistically significant difference during the subgroup analysis between sex. Moreover, there was no correlation 
between ICAM-1 change to A1c and initial body weight. 

Table 1 
Baseline characteristics of the subjects.  

Variable T2DM Non-DM p 

n = 26 n = 21 

Age 54,4 ± 7,4 51,7 ± 7,1 0.210 
Male sex 12 (46.1%) 7 (33.3%) 0.373 
Body Weight (kg) 65.18 ± 10.9 63.65 ± 9.04 0.398 
Body Mass Index (kg/m2)   0.670 
Underweight 0 1 (4.8%)  
Normoweight 6 (23.1%) 6 (28.6%)  
Overweight 4 (15.4%) 3 (14.3%)  
Obese 16 (61.5%) 11 (52.4%)  
Systolic blood pressure (mmHg) 127 (100–160) 105 (90–150) 0.053 
Diastolic blood pressure (mmHg) 80 (65–100) 70 (60–80) 0.131 
Waist circumference (cm) 90.2 ± 10,5 83,6 ± 9.7 0.068 
Physical Activity (METs) 1.97 ± 0,4 2.01 ± 0,4 0.642 
Laboratory results    
Fasting Blood Glucose (g/dL) 121.5 (81–297) 88 (79–116) < 0.001 
Hb1Ac (%) 8.3 (5.6–14.2) 5.45 (4.1–6) < 0.001 
Total cholesterol (mg/dL) 186.7 (1.93–467) 116.4 (61–285) 0.638 
Dietary intake before Ramadan    
Total nutrient (kcal) 1.255 (818–2205) 1.248 (876–1672) 0.748 
Carbohydrate (gram) 176.7 (104–235) 175.2 (102–233) 0.416 
Fat (gram) 49.85 (19.5–107.8) 38.17 (31.0–56.8) 0.293 
Protein (gram) 45.3 (21.8–95.7) 42.3 (32.5–63.3) 0.207 
Dietary intake after Ramadan    
Total nutrient (kcal) 1.035 (393–2.048) 989 (583.6) 0.257 
Carbohydrate (gram) 147.5 (77.6–266.8) 135.9 (76.5–170) 0.346 
Fat (gram) 43.3 (7.19–85.36) 33.2 (20.1–60.6) 0.134 
Protein (gram) 35.8 (5.54–85) 34.78 (16.7–42.1) 0.095 

*Numerical data with normal distribution are presented with means and standard deviations. Numeric data with abnormal distribution are presented 
with median and minimum-maximum values. Categorical data are displayed as absolute amounts and percentages. 
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3. Discussion 

The results of this study in the T2DM group found no significant difference in the decrease in ICAM-1 level before and after 
Ramadan fasting in T2DM patients. However, the change of ICAM-1 level was significant in non-DM patients. This phenomenon may 
be explained by examining the comparison between pre- and post- Ramadan fasting dietary intake between study groups. There was 
only a minimal changes on the dietary intake on T2DM group, while the changes were more prominent in the non-DM group. Although 
there was no statistically significant difference in dietary intake between groups, there was a significant decrease in the consumption of 
fat and protein, while there was less difference in carbohydrate consumption. However, we did not record the dietary intake during the 
Ramadan fasting period, thus limiting the significance of our analysis. 

Moreover, the limited decrease of ICAM-1 level in T2DM might be explained by other variables. First, the duration of T2DM in 
patients varied widely. The early stages of T2DM start with abnormalities in the form of insulin resistance. However, the later stage of 
T2DM is the complicated failure of pancreatic beta cells, making insulin deficiency more prominent [13]. Second, although the total 
calorie intake did decrease significantly, the carbohydrate consumption did not change significantly. This phenomenon occurred 
because of the tendency of consuming sweet and carbohydrate-heavy food [1] Third, the total cholesterol level in T2DM subjects was 
already high at baseline, while fasting did not cause a significant decrease. This would further worsen the outcome, as the oxidation of 
LDL plays a role in increasing ICAM-1 expression [8,14]. 

Moreover, there were more obese subjects with higher waist circumference in the T2DM group. In previous study by Rochlani et al. 
(2017), BMI and waist circumference were positively correlated with ICAM-1 level due insulin resistance, of which the deposit of 
visceral fat is more affected than subcutaneous fat [15] Insulin increases glucose uptake in muscles and liver, thereby inhibiting 
lipolysis and gluconeogenesis. Insulin resistance in fat tissue also inhibits insulin-mediated lipolysis [15]. 

Table 2 
Changes in ICAM-1 Level in T2DM Patients vs Non-DM.  

Endothelial Biomarker T2DM [1] (N = 26) P(1)a Non-DM [2] (N = 26) P(2)a P(1,2)b 

Pre-Ramadan ICAM-1 (ng/mL) 340.9 (193–505)a 0.228ac 482 (305–653)b 0.008bd 0.106ab 

Post-Ramadan ICAM-1 (ng/mL) 312.3 (158–581)c 398.4 (202–526)d 0.363cd 

ΔICAM-1 (ng/mL) − 44.7 (-215–366)e  − 52.6 (-279–42.8)f  0.422ef  

a Wilcoxon test. 
b Kruskal Wallis test. 

Fig. 1. Changes of ICAM-1 Level in T2DM and non-DM Groups.  
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Another issue surrounding the accuracy of this study was the timing of laboratory tests. Subsequent circadian changes during 
fasting such as sleep deprivation were associated with decreased glucose tolerance and increased insulin resistance. Moreover, the 
blood tests were carried out in the afternoon when the cortisol level was higher. Furthermore, during the fasting month of Ramadan, 
the variability of blood sugar sharply changes due to depletion and repletion of blood sugar. It is thought that endothelial damage due 
to blood sugar levels is not only associated with constant high blood sugar, but also the fluctuation of blood sugar levels [4]. There was 
also the issue of patient compliance during Ramadan fasting which was thought to affect changes in ICAM-1 level in T2DM patients 
during fasting. 

The ICAM-1 level observed in this study was also higher in the non-DM group. This phenomenon might be explained by the 
presence of insulin resistance, hypertension, and obesity [16]. Although the differences between groups are statistically insignificant, 
overweight and obese subjects are more prevalent in the T2DM group. Moreover, the systolic blood pressure was higher in T2DM 
group. At the beginning of the examination, ICAM-1 levels in DM patients were lower than in non-DM patients. With the patho-
physiological assumptions that occur in T2DM patients, ICAM-1 levels in DM patients when compared to non-DM patients should be 
higher. This was in accordance with the HOORN study which resulted in a higher ICAM-1 level in T2DM patients compared to non-DM 
patients [17,18]. However, the lower level of ICAM-1 level could be caused by the use of oral antidiabetic drugs such as the biguanide 
and thiazolidinediones. Metformin improves endothelial function by increasing insulin sensitivity [19], while thiazolidinediones also 
increase insulin-mediated glucose uptake via activation of PPARs [20]. In addition, it also has an effect on adipose tissue suppression 
by suppressing TNF, suppressing lipolysis which in turn suppresses fatty acid production and increases adiponectin [20]. Other drugs 
that can affect ICAM-1 level are ACE-I (Angiotensin Converting Enzyme-Inhibitor), ARB (Angiotensin Receptor Blocker) and statin 
drugs. Angiotensin has a pro-oxidative effect on blood vessels which in turn will reduce NO bioavailability, while statins are known to 
reduce LDL levels and improve insulin resistance, which will ultimately improve endothelial function [2]. Besides treatment, the rate 
of obese and overweight subjects in the non-DM group was relatively high, possibly affecting the ICAM-1 level. 

The limitation of this study was the absence of dietary intake record during Ramadan fasting and the measurement of subjects’ 
compliance to the fasting regiment. However, this study proved that there was an improvement in endothelial function, both in T2DM 
and non-DM patients, after Ramadan fasting. 

4. Conclusion 

There was a significant decrease in ICAM-1 level in both T2DM and non-DM patients after Ramadan fasting. This phenomenon 
shows that Ramadan fasting has a beneficial effect of reducing the inflammation markers for both T2DM and non-DM population. 

Fig. 2. Changes of ICAM-1 level according to sex and T2DM group.  
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