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Abstract: Background: Circadian rhythm is a term used to describe the 24-hour 
physiological rhythm of organisms. According to Minister of Health Regulation no. 43 of 
2013 concerning How to Organize a Good Clinical Laboratory, the Circadian rhythm 
variation is explained in the body as levels of certain substances change from time to 
time. Changes in substance levels that are influenced by time can be cyclical, such as daily 
cycles (diurnal variations), monthly cycles (menstruation), or linear/straight lines, such 
as age. Classic experiments using a 72-hour glucose clamp methodology, demonstrated 
that humans exhibit a robust Circadian rhythm in insulin secretion, independent of food 
and glycemia. Additionally, a cell-autonomous Circadian clock appears to oversee the 
diurnal rhythm in glucose-induced insulin secretion.Research Objectives: Knowing the 
analysis of Circadian rhythm variations on glucose examination results. Research 
Methods: Analytical observational analysis using cross sectional methods and purposive 
sampling techniques. The sample population of applied TLM undergraduate students 
class of 2020 had blood serum taken and using the Slovin formula to determine the 
sample size, 36 samples were obtained with respondents without a history of diabetes 
mellitus. Data analysis used the Paired t-test statistical test. Research Result: The results 
obtained from the examination of the average glucose level at the time of sampling in the 
morning were 80.25 mg/dl, in the afternoon 96.5 mg/dl, and in the evening 85.91 mg/dl. 
The results of the paired t-test statistical analysis obtained Sig. (2-tailed) or p 0.010 means 
p < 0.05 there is a difference in the average glucose results at the time of sampling in the 
morning and afternoon and Sig. (2-tailed) or p 0.115 means p > 0.05 there is no difference 
in the average glucose test results at the time of sampling in the morning and evening. 
Conclusion:  Blood glucose levels taken in the morning have lower average levels than 
during the day and evening. 
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Introduction  
 

A health laboratory is a place where samples of 
human or non-human origin are measured, examined 
and identified for diseases, conditions or variables that 
affect health. Clinical laboratories can provide 
examination services to promote diagnosis and health 
recovery in the medical field (Annisa Nur Aini et al., 
2022; Apriani et al., 2023). The pre-analytic, analytical 
and post-analytic stages are three important stages in the 
clinical laboratory examination process (Bastian & Ulva, 
2023; Kusmiati et al., 2022; Sun, 2022). In quality control 
supervision, the inspection stage that is often prioritized 

only concentrates on analytical and post-analytical, 
despite the fact that the pre-analytical stage is given less 
attention. In fact, errors in the pre-analytical stage affect 
the examination results by 61% compared to 25% in the 
analytical stage and 14% in the post-analytical stage 
(Nabilah et al., 2023). Patient preparation is the most 
important pre-analytic stage in carrying out an 
examination (Amani et al., 2019; Anggraini et al., 2022). 

Based on this statement, the author will focus on 
discussing the pre-analytical laboratory stage in patient 
preparation which can have an impact on the results of 
examinations in the laboratory (Bonham et al., 2019; 
Cheng et al., 2024). Patient preparation refers to a series 
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of actions and preparations that must be carried out 
before the patient undergoes tests or laboratory 
examinations. According to Minister of Health 
Regulation no. 43 of 2013 How to Organize a Good 
Clinical Laboratory, that at the patient preparation stage, 
there are several factors that can influence the results of 
laboratory examinations. These factors include diet, 
drug consumption, smoking, alcohol use, physical 
activity, altitude, fever, trauma, age, race, gender and 
pregnancy (Ayu Yolanda et al., 2019; Fanana Mahdia et 
al., 2018; Larsen et al., 2020). Apart from that, there are 
also other factors in patients that can have an impact on 
examination results, namely variations in Circadian 
rhythm (Lee et al., 2021; Li et al., 2021). 

The term Circadian rhythm is used to describe the 
body's physiological rhythms throughout the day. In the 
bodies of living creatures there are fluctuations or 
changes in temperature, the ability to wake up, blood 
pressure, hormone levels, and heart rate which change 
during 24 hours(Fatima & Rana, 2020). In general, in the 
morning body functions will increase and begin to 
weaken during the day and continue to decline at night 
for recovery and renewal (Maulana et al., 2014). 
According to Minister of Health Regulation no. 43 of 
2013, in the Circadian rhythm variations explained in the 
body the levels of certain substances change from time 
to time. These changes are influenced by cyclical time, 
such as daily cycles (diurnal variations), monthly cycles 
(menstruation), or linear/straight (Keramat et al., 2023; 
Kramer et al., 2022; Mamalaki et al., 2019) 

lines, such as age. In this research, the author will 
examine Circadian rhythm variations in a person's daily or 
diurnal cycle. In the diurnal Circadian rhythm variations 
that occur indicate glucose, namely in the morning, 
insulin levels will reach their peak (Sun, 2022). It is also 
associated with fluctuating blood glucose levels, which 
can be influenced by various factors (Wijayanti et al., 
2020). Classic experiments using a 72-hour glucose 
clamp methodology, demonstrated that humans exhibit 
a robust circadian rhythm in insulin secretion, 
independent of food and glycemia. Moreover, a cell-
autonomous circadian clock appears to supervise the 
diurnal rhythm in glucose-induced insulin secretion 
(Hariri et al., 2023). Based on this background, the author 
wants to analyze the diurnal or daily variations of 
Circadian rhythm on the results of blood glucose 
examinations in the morning, afternoon and evening 
and it is hoped that this research can be useful as clinical 
input for medical laboratory techniques staff. 

 

Method  
 

This study aims to analyze Circadian rhythm 
variations in glucose examination results using blood 
serum samples to find the best time to take samples at 

the pre-analytical stage. The research was carried out at 
the Dasan Tapen Health Center Laboratory, West 
Lombok. The sample population, namely applied TLM 
undergraduate students from the class of 2020, had 
blood serum taken and using the Slovin formula to 
determine the sample size, 36 samples were obtained. 
Samples were taken from 12 respondents and blood was 
drawn from each respondent three times, namely in the 
morning, afternoon and evening. The morning time was 
given special treatment, namely sampling before eating, 
while the afternoon and evening times were controlled 
for eating 2 hours or more after eating. Blood serum 
samples were examined using a spectrophotometer with 
a wavelength of 546 λ (Nuzhatul Sabrina Farikha et al., 
2023). 

This research uses an observational analytical cross-
sectional approach and the sampling technique is 
purposive with the criteria that the respondent does not 
have a history of diabetes mellitus. In this study there 
are two types of variables, namely the independent 
variableiin i research i is a variation of Circadian rhythm 
and variable i dependent is glucose test results (Lee & 
Wisor, 2022; Todd et al., 2020). Data from research on 
analysis of circadian rhythm variations on glucose 
examination results were analyzed using the Paired 
sample t-test statistical test using SPSS (95% confidence 
level probability < α = 0.05) which was used to draw 
conclusions. 

 

Result and Discussion 
 

Table 1 Shows the results of research from 36 
specimens, the average glucose level in the morning was 
80.25 mg/dl, during the day it rose to 96.5 mg/dl, and at 
night it fell to 85.91 mg/dl. etc. Based on the data, it 
shows that the average glucose test results during the 
day are higher than in the morning and evening but are 
still classified as normal glucose levels, namely <160 
mg/dl. The average glucose level in the morning has the 
lowest value compared to the afternoon and evening. 
Data analysis uses the Paired t- test with the condition 
that a normality test is carried out first and the data is 
normally distributed. The Shapiro-Wilks normality test 
method was used. From the data above, it shows that the 
morning sample results are sig. 0.878, midday sample 
sig. 0.511, night sample sig. 0.311, all have a probability 
value > 0.05, the data is normally distributed. 

The result of the Paired t-test is the Sig value. (2-
tailed) pair 1 namely 0.010 < 0.05, then Ho is rejected and 
HA is accepted, there is a difference in the average 
glucose test results when sampling in the morning and 
afternoon. Sig output value. (2-tailed) pair 2, namely 
0.115 > 0.05 and Sig. (2-tailed) pair 3, namely 0.131 > 0.05, 
then Ho is accepted and HA is rejected, there is no 
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difference in the average glucose test results for morning 
and evening sampling times, as well as afternoon and 
evening sampling times. times
 

Table 1 Results of research examining glucose levels in the morning, afternoon and evening 
No. Sample Code 

(Respondent) 
Serum Glucose Examination Results 

Morning Sample (mg/dl) Sampel Siang (mg/dl) Sampel Malam (mg/dl) 

1 A1 80 101 96 
2 A2 83 86 90 
3 A3 91 127 75 
4 A4 87 99 76 
5 A5 77 98 96 
6 A6 75 89 97 
7 A7 78 69 86 
8 A8 84 115 81 
9 A9 75 72 83 
10 A10 78 134 90 
11 A11 72 83 77 
12 A12 83 85 84 
Jumlah 963 1158 1031 
Rata-rata 80,25 96.5 85.91 

Note: morning samples=taken at 07.00 – 08.00 WITA, afternoon samples=taken at 13.00 – 14.00 WITA, evening 
samples=taken at 17.00 – 18.00 WITA 
 

Circadian rhythm is the body's intrinsic rhythm 
regulated by the hypothalamus which acts as the human 
body's natural clock. This circadian rhythm is a time 
recognition rhythm that is adjusted to the rotation of the 
Earth during a 24 hour cycle. This rhythm is shared by 
almost all living creatures, which consistently 
experience changes in physical and bodily functions 
during a 24-hour cycle (Ambarwati et al., 2017; 
Raymundo & Reis, 2018). During 24 hours, body 
temperature, ability to wake up, blood pressure, 
stomach activity, heart rate and hormone levels will 
fluctuate (Ambarwati et al., 2017) Blood glucose is a 
simple sugar in the form of disaccharides found in food. 
Blood glucose levels refer to the level of glucose in the 
blood whose concentration is tightly regulated in the 
body. There are endogenous and exogenous factors that 
can influence glucose levels. Endogenous factors consist 
of glucagon, the hormone insulin, cortisol, and receptor 
systems in the muscles and liver. Exogenous factors on 
the other hand, consist of physical activity and food, 
namely the type and amount consumed (Firgiansyah, 
2016). 

The average blood collection time in the morning, 
namely 80.25 mg /dl, has a more stable glucose level and 
has the lowest average level compared to the afternoon 
and evening collection times. This is because the 
morning is a stable basal state of the body where 
generally there is not much activity. Choosing the right 
sampling time can reduce the impact of Circadian 
rhythm. According to Laila, in 2018 sampling should be 
done in the morning when preparing the glucose test 
sample. Ideally, sampling is done at the same time every 

day, for example, in the morning after fasting overnight. 
In the morning the levels are lowest and more stable 
because during the night when the body was asleep, no 
food was consumed. The results will be more consistent 
(Gu et al., 2020; Widiantini et al., 2019). 

The main benefit of Circadian rhythm is the ability 
of organisms to adapt to changes in environmental 
conditions, especially changes in light and darkness due 
to exposure to sunlight (Prianthara et al., 2021; Segers & 
Depoortere, 2021). Melatonin is a hormone that signals 
the body to sleep. Increasing melatonin levels can cause 
feelings of relaxation, reduce body temperature during 
sleep, and improve the immune system (Widiantini et 
al., 2019). The average time for blood sampling during 
the day, namely 96.5, has a higher average glucose level 
compared to morning and evening. Every individual has 
a biological clock pattern, normal people will do many 
activities during the day and rest at night (Regmi, 2020). 
Therefore, as a diurnal organism, a person does a lot of 
activities during the day, such as work, which can make 
it difficult for the mind and body to relax, which can be 
a factor in someone experiencing stress. Circadian 
rhythm through the SCN can regulate the secretion of 
the hormone cortisol. Excess production of the hormone 
cortisol can increase during stressful situations, which 
can counteract the effects of insulin and cause levels high 
blood sugar. Stress can increase blood sugar levels, so 
the more stressed a diabetes sufferer is, the more severe 
their diabetes will be (Ulya et al., 2023). 

The increase in average blood glucose levels during 
the day can be caused by stress factors, which when a 
person is stressed can increase the hormone cortisol. The 
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cortisol hormone or stress hormone is a corticosteroid 
hormone excreted by the adrenal cortex which has the 
function of increasing gluconeogenesis and reducing 
glucose use by cells and causing an increase in glucose 
levels. (Handayani et al., 2023) One of the main factors 
that increases cortisol secretion in the body is stress. 
Stress can stimulate the hypothalamus to activate the 
sympathetic nervous system, releasing Corticotropin 
Releasing Hormone to stimulate the release of 
adrenocorticotropic substances and cortisol to trigger 
the release of vasopressin. Apart from that, the diurnal 
system also influences cortisol secretion, namely the 
highest levels when starting activities and the lowest 
when resting or at night (Sri et al., 2021). 

In line with Nugroho's research, it shows that in 
diabetes sufferers there is a correlation between stress 
levels and glucose levels in Sukoharjo. When stressed, 
hormones that increase blood sugar levels are 
epinephrine, cortisol, glucagon, ACTH 
(adenocorticotropin), corticosteroids, and thyroid. The 
hypothalamic-pituitary-adrenal system activates the 
neuroendocrine system and the sympathetic nervous 
system due to physical and mental stress (Berkat Br 
Nababan et al., 2018). According to Ahmed, 2012 
although physical activity before meals can influence 
postprandial insulin action and glucose tolerance, 
research that has been conducted shows that 
postprandial glucose spikes are significantly lower at 
breakfast than at lunch or dinner supporting our case of 
decreased diurnal glucose tolerance (Saad et al., 2012). 

It can be concluded that the average blood glucose 
level during the day is higher than in the morning. 
However, respondents number 7 and 9 had lower 
daytime glucose levels compared to the morning. This is 
because before the blood collection was carried out, the 
respondent did sports activities, namely cycling. A 
study conducted by Shenoy, 2010 showed that aerobic 
exercise can reduce blood sugar by 37%. It takes more 
fuel for the muscles to keep working during exercise. In 
addition, various body reactions will occur, including 
circulation, metabolism, hormonal regulation, and 
autonomic nervous structure. Glucose and free fatty 
acids are energy sources for exercise. Muscle glucose is 
first used from muscle glycogen reserves, then from 
blood glucose (Fanana Mahdia et al., 2018). 

The average time for blood sampling carried out in 
the evening was 85.91 mg /dl and after statistical testing 
there was no significant difference in the average 
compared to the time for sampling in the morning but 
there was a slight increase. This can be caused at night 
when someone begins to enter the rest phase and 
someone reduces their activity more at night. Glycemic 
homeostasis also fluctuates throughout the day, and 
appears to differ in the morning and evening. The 
decrease in insulin sensitivity and glucose oxidation at 

night is caused by higher levels of postprandial free fatty 
acids at night compared to the morning (Nakamura et 
al., 2021). However, respondents number 3, 4, and 8 had 
lower glucose levels during the morning compared to 
the morning. This was influenced by the researchers 
taking a long time to separate the samples which could 
influence the results of the examination. Research 
conducted by Novie, 2020 showed that samples with 
long delay variations decreased significantly due to 
glycolysis of blood tube cells (Trisyani et al., 2020) 

 

Conclusion  
 

Based on research result, it can be concluded that 
the average blood glucose level in the morning in normal 
people is 80.25 mg /dl, during the day it is 96.5 mg/dl, 
and at night it is 85.91 mg/dl. Based on the paired t-test 
statistical test, the value Pair 1 is obtained Sig. (2-tailed) 
0.010 < 0.05, there is a difference in the average glucose 
results at the time of sampling in the morning and 
afternoon and Pair 2 Sig. (2-tailed) 0.115 > 0.05, there is no 
difference in the average glucose test results when 
sampling in the morning and evening.  
 
Acknowledgments 
I would like to convey my appreciation to all parties who have 
been involved in the research and writing the manuscript 

before published on this journal. 
 
Author Contributions 

All authors work together in carrying out each stage of 
research and writing the manuscript. 
 
Funding 

This research received no external funding. 
 
Conflicts of Interest 

The author declares no conflict of interes 
 

References 

 
Aini, A. N., Juwita, R., & Melani, E. (2022). Comparison 

Of Blood Glucose Test Results Using The God-Pap 
Method And The Strip Method At The Cianjur 
Healthy Hope Clinic Laboratory. Cerdika: Indonesia 
Scientific Journal, 2(2), 231-235. 
https://doi.org/10.59141/cerdika.v2i2.340 

Amani, F. F., Rinaldi, S. F., Ridwanna, S., & Kurniawan, 
E. (2019). Analysis Of Factors Affecting Qc Results 
On Glucose, Total Cholesterol, And Uric Acid 
Examinations. Journal of Health Research of the 
Bandung Ministry of Health Polytechnic, 11(2), 274-
279. 
https://doi.org/10.34011/juriskesbdg.v11i2.795  

Ambarwati, L., Verhaeghe, R., van Arem, B., & Pel, A. J. 
(2017). Assessment Of Transport Performance 

https://doi.org/10.59141/cerdika.v2i2.340
https://doi.org/10.34011/juriskesbdg.v11i2.795


Thrive Health Science Journal  September 2024, Volume 1, Issue 2, 30-35 
 

34 

Index For Urban Transport Development 
Strategies—Incorporating Residents' Preferences. 
Environmental Impact Assessment Review, 63, 107-115. 
https://doi.org/10.1016/j.eiar.2016.10.004 

Anggraini, F., Khotimah, E., & Ningrum, S. S. (2022). 
Analysis Of The Internal Quality Of Blood Glucose 
Examination In The Laboratory Of Bhayangkara Tk 
Hospital. I Raden Said Sukanto In 2021. Binawan 
Student Journal, 4(1), 24-30. 
https://doi.org/10.54771/bsj.v4i1.320  

Apriani, D., Supriati, R., Setiani Rafika, A., & Ayu Rini 
Kusumawardhani, D. (2023). Rinfo Transformation 
Service Registration In Health Laboratories. 
CORISINDO 2023 Proceedings. Retrieved from 
https://stmikpontianak.org/ojs/index.php/corisi
ndo/article/view/381  

Bastian, B., & Ulva, M. (2023). Education On 
Strengthening The Internal Quality Of The Pre-
Analytical Stage On Glucose Examination At The 
Talang Prince Ogan Ilir Health Center. Altifani 
Journal of Research and Community Service, 3(5), 676–
682. https://doi.org/10.59395/altifani.v3i5.476  

Bonham, M. P., Kaias, E., Zimberg, I., Leung, G. K., 
Davis, R., Sletten, T. L., ... & Huggins, C. E. (2019). 
Effect Of Night Time Eating On Postprandial 
Triglyceride Metabolism In Healthy Adults: A 
Systematic Literature Review. Journal of Biological 
Rhythms, 34(2), 119-130. 
https://doi.org/10.1177/0748730418824214 

Br Nababan, B., Saraswati, L. D., & Muniroh, M. (2018). 
Factors Related To Blood Sugar Levels In Patients 
With Type 2 Diabetes Mellitus At K.R.M.T 
Wongsonegoro Hospital, Semarang. Journal of 
Public Health, 6(1), 200-206. 
https://doi.org/10.14710/jkm.v6i1.19866 

Cheng, H., Zhong, D., Tan, Y., Huang, M., Xijie, S., Pan, 
H., ... & Tang, Q. (2024). Advancements In Research 
On The Association Between The Biological 
CLOCK And Type 2 Diabetes. Frontiers in 
Endocrinology, 15, 1320605. 
https://doi.org/10.3389/fendo.2024.1320605 

Fanana Mahdia, F., Setyawan Susanto, H., & 
Sakundarno Adi. (2018). The Relationship Between 
Exercise Habits And Blood Sugar Levels Of People 
With Type 2 Diabetes Mellitus (Study At Rowosari 
Health Center, Semarang City In 2018). Journal of 
Public Health, 6, 2356–3346. 
http://ejournal3.undip.ac.id/index.php/jkm  

Farikha, N. S., Astuti, T. D., & Hadi, W. S. (2023). Quality 
Control Analysis Of Platelet And Leukocyte 
Examination. Journal of Aisyiyah Medika, 8(2). 
https://doi.org/10.36729/jam.v8i2.1091  

Fatima, N., & Rana, S. (2020). Metabolic Implications Of 
Circadian Disruption. Pflügers Archiv-European 

Journal of Physiology, 472, 513-526. 
https://doi.org/10.1007/s00424-020-02381-6  

Firgiansyah, A. (2016). Comparison Of Blood Glucose 
Levels Using Spectrophotometers And 
Glucometers. Thesis. Faculty of Nursing and 
Health. University of Muhammadiyah Semarang. 
Reterived from 
http://repository.unimus.ac.id/id/eprint/111 

Gu, C., Brereton, N., Schweitzer, A., Cotter, M., Duan, 
D., Børsheim, E., ... & Jun, J. C. (2020). Metabolic 
Effects Of Late Dinner In Healthy Volunteers—A 
Randomized Crossover Clinical Trial. The Journal of 
Clinical Endocrinology & Metabolism, 105(8), 2789-
2802. https://doi.org/10.1210/clinem/dgaa354  

Handayani, M., Mappanyukki, A. A., Jayadilaga, Y., & 
Fitri, A. U. (2023). Promotion Of Active Lifestyle 
And Measurement Of Body Composition Of Office 
Workers. Multidisciplinary Service Bulletin, 1(2), 57–
61. https://doi.org/10.62385/budimul.v1i2.53 

Hariri, A., Mirian, M., Zarrabi, A., Kohandel, M., Amini-
Pozveh, M., Aref, A. R., Tabatabaee, A., Prabhakar, 
P. K., & Sivakumar, P. M. (2023). The Circadian 
Rhythm: An Influential Soundtrack In The Diabetes 
Story. In Frontiers in Endocrinology (Vol. 14). Frontiers 
Media SA. 
https://doi.org/10.3389/fendo.2023.1156757 

Keramat, S. A., Alam, K., Basri, R., Siddika, F., Siddiqui, 
Z. H., Okyere, J., ... & Ahinkorah, B. O. (2023). Sleep 
Duration, Sleep Quality And The Risk Of Being 
Obese: Evidence From The Australian Panel 
Survey. Sleep Medicine, 109, 56-64. 
https://doi.org/10.1016/j.sleep.2023.06.012  

Kramer, A., Lange, T., Spies, C., Finger, A. M., Berg, D., 
& Oster, H. (2022). Foundations Of Circadian 
Medicine. PLoS biology, 20(3), e3001567. 
https://doi.org/10.1371/journal.pbio.3001567  

Kusmiati, M., Nurpalah, R., & Restaviani, R. (2022). 
Precision And Accuracy Of Quality Control Results 
On Blood Glucose Examination Parameters In The 
Clinical Laboratory Of Hospital X Tasikmalaya 
City. Journal of Indonesian Medical Laboratory and 
Science (JoIMedLabS), 3(1), 27-37. 
https://doi.org/10.53699/joimedlabs.v3i1.86 

Larsen, S. C., Horgan, G., Mikkelsen, M. L. K., Palmeira, 
A. L., Scott, S., Duarte, C., ... & Heitmann, B. L. 
(2020). Association Between Objectively Measured 
Sleep Duration, Adiposity And Weight Loss 
History. International Journal of Obesity, 44(7), 1577-
1585. https://doi.org/10.1038/s41366-020-0537-3  

Lee, Y., & Wisor, J. P. (2021). Multi-Modal Regulation Of 
Circadian Physiology By Interactive Features Of 
Biological Clocks. Biology, 11(1), 21. 
https://doi.org/10.3390/biology11010021 Z 

Lee, Y., Field, J. M., & Sehgal, A. (2021). Circadian 
Rhythms, Disease And Chronotherapy. Journal of 

https://doi.org/10.1016/j.eiar.2016.10.004
https://doi.org/10.54771/bsj.v4i1.320
https://stmikpontianak.org/ojs/index.php/corisindo/article/view/381
https://stmikpontianak.org/ojs/index.php/corisindo/article/view/381
https://doi.org/10.59395/altifani.v3i5.476
https://doi.org/10.1177/0748730418824214
https://doi.org/10.14710/jkm.v6i1.19866
https://doi.org/10.3389/fendo.2024.1320605
http://ejournal3.undip.ac.id/index.php/jkm
https://doi.org/10.36729/jam.v8i2.1091
https://doi.org/10.1007/s00424-020-02381-6
http://repository.unimus.ac.id/id/eprint/111
https://doi.org/10.1210/clinem/dgaa354
https://doi.org/10.62385/budimul.v1i2.53
https://doi.org/10.3389/fendo.2023.1156757
https://doi.org/10.1016/j.sleep.2023.06.012
https://doi.org/10.1371/journal.pbio.3001567
https://doi.org/10.53699/joimedlabs.v3i1.86
https://doi.org/10.1038/s41366-020-0537-3
https://doi.org/10.3390/biology11010021


Thrive Health Science Journal  September 2024, Volume 1, Issue 2, 30-35 
 

35 

biological rhythms, 36(6), 503-531. 
https://doi.org/10.1177/07487304211044301  

Li, M. D., Xin, H., Yuan, Y., Yang, X., Li, H., Tian, D., ... 
& Biological Rhythm Academic Consortium in 
Chongqing (BRACQ). (2021). Circadian Clock-
Controlled Checkpoints In The Pathogenesis Of 
Complex Disease. Frontiers in Genetics, 12, 721231. 
https://doi.org/10.3389/fgene.2021.721231  

Mamalaki, E., Tsapanou, A., Anastasiou, C. A., 
Kosmidis, M. H., Dardiotis, E., Hadjigeorgiou, G. 
M., ... & Yannakoulia, M. (2019). Associations 
Between Sleep And Obesity Indices In Older 
Adults: Results From The HELIAD Study. Aging 
Clinical and Experimental Research, 31, 1645-1650. 
https://doi.org/10.1007/s40520-018-01113-2  

Maulana, Z., Soleha, T., Saftarina, F., & Siagian, J. (2014). 
Differences In Stress Level Between First-Year And 
Second-Year Medical Students In Medical Faculty 
Of Lampung University. Med J Lampung Univ, 3(4), 
154-62. Reterived from 
https://www.academia.edu/download/80717924
/253.pdf  

Nabilah, S., Khotimah, E., & Pramitaningrum, I. K. 
(2023). Strengthening Of Pre-Analytical Internal 
Quality In Fasting Blood Glucose Examination In 
The Palm Oil Duren Laboratory. Binawan Student 
Journal, 5(2), 58-64. 
https://doi.org/10.54771/bsj.v5i2.1127 

Nakamura, K., Tajiri, E., Hatamoto, Y., Ando, T., 
Shimoda, S., & Yoshimura, E. (2021). Eating Dinner 
Early Improves 24-H Blood Glucose Levels And 
Boosts Lipid Metabolism After Breakfast The Next 
Day: A Randomized Cross-Over Trial. Nutrients, 
13(7). https://doi.org/10.3390/nu13072424  

Prianthara, I. M. D., Paramurthi, I. P., & Astrawan, I. P. 
(2021). The Relationship Between Physical Activity 
And Sleep Quality And Cognitive Function In The 
Elderly Group Of Dharma Sentana, Batubulan. 
Scientific Journal of Nursing Health, 17(2), 110-120. 
https://doi.org/10.26753/jikk.v17i2.628 

Raymundo, H., & Reis, J. G. M. D. (2018). Measures For 
Passenger-Transport Performance Evaluation In 
Urban Areas. Journal of Urban Planning and 
Development, 144(3), 04018023. 
https://doi.org/10.1061/(ASCE)UP.1943-
5444.0000461 

Regmi, M. B. (2020). Measuring Sustainability Of Urban 
Mobility: A Pilot Study Of Asian Cities. Case studies 
on transport policy, 8(4), 1224-1232. 
https://doi.org/10.1016/j.cstp.2020.08.003 

Saad, A., Man, C. D., Nandy, D. K., Levine, J. A., 
Bharucha, A. E., Rizza, R. A., Basu, R., Carter, R. E., 
Cobelli, C., Kudva, Y. C., & Basu, A. (2012). Diurnal 
Pattern To Insulin Secretion And Insulin Action In 

Healthy Individuals. Diabetes, 61(11), 2691–2700. 
https://doi.org/10.2337/db11-1478 

Segers, A., & Depoortere, I. (2021). Circadian Clocks In 
The Digestive System. Nature Reviews 
Gastroenterology & Hepatology, 18(4), 239-251. 
https://doi.org/10.1038/s41575-020-00401-5  

Sri, A., Usman, H. H., Sunarno, I., & Syamsuddin, S. 
(2021). Risk Of Increased Cortisol Hormone In 
Gestational Hypertension. Obsgin Scientific Journal, 
13(4), 182–192. Reterived From 
https://garuda.kemdikbud.go.id/documents/det
ail/2602139  

Sun, N. N. (2022). Error Analysis In The Pre-Analytical 
And Analytical Process On Patient Serum Samples 
At Budhi Asih Hospital (Doctoral Dissertation, 
Binawan University). Reterived from 
http://repository.binawan.ac.id/id/eprint/2025 

Todd, W. D., Venner, A., Anaclet, C., Broadhurst, R. Y., 
De Luca, R., Bandaru, S. S., ... & Fuller, P. M. (2020). 
Suprachiasmatic VIP Neurons Are Required For 
Normal Circadian Rhythmicity And Comprised Of 
Molecularly Distinct Subpopulations. Nature 
communications, 11(1), 4410. 
https://doi.org/10.1038/s41467-020-17197-2  

Trisyani, N., Djasang, S., & Armah, Z. (2020). 
Comparison of blood glucose levels in samples that 
experienced variations in the length of separation 
delay. Journal of Health Analyst Media, 11(1), 34. 
https://doi.org/10.32382/mak.v11i1.1518  

Ulya, R., Katana, S., & Jannah, S. R. (2023). The 
Relationship Between Self-Adjustment And 
Anxiety Level Of Students At Aisyiyah University 
Yogyakarta, Indonesia. Journal of Public Health 
Sciences, 2(03), 159-167. 
https://doi.org/10.56741/jphs.v2i03.427  

Widiantini, E. J. L., Sugiharto, S., & Andiana, O. (2019). 
Effect Of Exercise During Fasting On The Hormone 
Melatonin In Male White Rats Of The Wistar Type. 
Sport Science Journal, 9(1), 84. 
https://doi.org/10.17977/um057v9i1p84-94  

Wijayanti, L. I., Sudarmanto, I. G., & Habibah, N. (2020). 
Overview Of Blood Sugar Levels During The 
Elderly In Banjar Pepok, Denpasar City (Doctoral 
Dissertation, Poltekkes Of The Ministry Of Health, 
Denpasar). Reterived from 
http://repository.poltekkes-denpasar.ac.id/6229/  

Yolanda, A. A., Wuryanto, M. A., Kusariana, N., & 
Saraswati, L. D. (2019). The Relationship Between 
Physical Activity, Screen-Based Activity And Sleep 
Hygiene With Sleep Quality In Adolescents Aged 
15-18 Years (A Study On Students At SMA Negeri 
1 Ungaran). Journal of Public Health, 7(1), 123 - 130. 
https://doi.org/10.14710/jkm.v7i1.2286  

https://doi.org/10.1177/07487304211044301
https://doi.org/10.3389/fgene.2021.721231
https://doi.org/10.1007/s40520-018-01113-2
https://www.academia.edu/download/80717924/253.pdf
https://www.academia.edu/download/80717924/253.pdf
https://doi.org/10.54771/bsj.v5i2.1127
https://doi.org/10.3390/nu13072424
https://doi.org/10.26753/jikk.v17i2.628
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000461
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000461
https://doi.org/10.1016/j.cstp.2020.08.003
https://doi.org/10.2337/db11-1478
https://doi.org/10.1038/s41575-020-00401-5
https://garuda.kemdikbud.go.id/documents/detail/2602139
https://garuda.kemdikbud.go.id/documents/detail/2602139
http://repository.binawan.ac.id/id/eprint/2025
https://doi.org/10.1038/s41467-020-17197-2
https://doi.org/10.32382/mak.v11i1.1518
https://doi.org/10.56741/jphs.v2i03.427
https://doi.org/10.17977/um057v9i1p84-94
http://repository.poltekkes-denpasar.ac.id/6229/
https://doi.org/10.14710/jkm.v7i1.2286

