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INTRODUCTION   

Aging is an inevitable and complex 
process and depression often surfaces as a 
significant public health concern among older 
adults that affects their quality of life. This 
issue has become a global challenge, 
burdening healthcare systems substantially.1,2 
Depression is characterized by a range of 
emotional states, including feelings of 
sadness, emptiness, and helplessness. 
Individuals may experience a loss of interest 
in activities they once enjoyed (known as 
anhedonia), appetite changes, and sleep 

disturbances. Other symptoms can include 
psychomotor retardation or agitation, fatigue 
or loss of energy, a sense of helplessness, 
difficulty concentrating, thoughts of suicide, or 
specific plans for self-harm and around 20% of 
individuals will experience depression at some 
point in their lives. 3,4 

The prevalence of depression among 
older adults worldwide is estimated to range 
from 3% to 30%, and this condition tends to be 
more common in women than in men. 5,6 
Based on research conducted by Handajani et 
al., it was found that at least 16.3% of the 
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ABSTRACT  
Introduction: Depression in the elderly is a significant public health concern and is 
linked to elevated HbA1c, a marker of long-term glucose control. Persistent 
hyperglycemia may impair neurogenesis, disrupt brain networks, and reduce 
neurotransmitter activity, making HbA1c a potential biomarker for depression. 
Purpose: This study aims to explore the potential of HbA1c as a biomarker for 
predicting depression severity in the elderly. 
Methods: This cross-sectional study examined 93 elderly residents at Bina Bhakti 
Nursing Home, who exhibited varying levels of depression severity. Depression was 
assessed using the Geriatric Depression Scale (GDS), and HbA1c levels were 
analyzed using an automated clinical analyzer. To evaluate the predictive ability of 
HbA1c for depression severity, we used the area under the curve (AUC) from a receiver 
operating characteristic (ROC) analysis. A GDS score of 4 or higher was used to 
indicate severe depression. 
Results: The AUC for HbA1c was 0.692, with a p-value of 0.049, indicating a 
statistically significant relationship between HbA1c levels and depression severity. 
Conclusion: Elevated HbA1c levels may serve as a potential biomarker for depression 
risk in the elderly. Routine HbA1c monitoring could support early detection and timely 
intervention. Further research is needed to clarify its clinical relevance. 
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4,236 elderly individuals who participated in 
the study experienced depression in 
Indonesia. 7 The high prevalence of elderly 
people experiencing depression is a critical 
issue and needs special attention, as the 
presence and persistence of depressive 
symptoms can adversely affect quality of life 
and contribute to increased morbidity and 
mortality rates. 8,9 

This issue is compounded by various 
risk factors, which likely stem from complex 
interactions between genetic predispositions, 
cognitive vulnerabilities, age-related 
neurobiological changes, and stressful life 
events. Additionally, older adults with diabetes 
mellitus (DM) are at significantly higher risk for 
comorbid depression compared to those 
without DM. Diabetes is a known risk factor for 
depression, and the prevalence of depression 
is notably higher in individuals with diabetes 
than in the general population. 10–12 

Hemoglobin A1c (HbA1c) is a marker 
of glycosylated hemoglobin and is widely used 
to monitor long-term glycemic control, 
reflecting the average blood glucose levels 
over the past 8-12 weeks. It serves as a key 
diagnostic tool for diabetes. Notably, diabetes 
has been linked to a 34% (95% CI: 14–57) 
increased risk of developing depression, 
highlighting the significant intersection 
between hyperglycemia and mental health. 
Depression has been linked to high HbA1c 
levels in people with type 2 diabetes (T2DM), 
suggesting that HbA1c could serve as a 
marker for depressive symptoms. A study by 
Dzida et al. found that a 1% (11 mmol/mol) 
drop in HbA1c can reduce the risk of moderate 
to severe depression by 40%. 13–16  

Persistent hyperglycemia in diabetes 
affects brain function by impairing 
neurogenesis, reducing synaptic plasticity, 
and causing imbalances in neurotransmitter 
activity. It also disrupts insulin signaling, the 
HPA axis, and other regulatory systems linked 
to mood and behavior. These changes 
suggest a complex mechanism through which 
diabetes influences mood, leading to a higher 
risk of depression, which is related to 
serotonin (5-HT) regulation.17 

This research aims to further our 
understanding of the relationship between 
glycemic control and depression, contributing 
to more comprehensive healthcare 
approaches that integrate the management of 
chronic conditions and mental health in older 
adults. Ultimately, this study could help 
improve early detection, prevention, and 
intervention strategies for depression in 
elderly individuals, especially those with 
metabolic comorbidities. 

. 
METHOD  
Study Design and Sampling 

This research employs a cross-
sectional design and is an analytical 
observational study conducted in May 2024. 
This study examined 93 elderly at Bina Bhakti 
Nursing Home with total sampling, who 
exhibited varying levels of depression severity 
and met the predetermined inclusion and 
exclusion criteria. The inclusion criteria for this 
study were being at least 60 years old and 
willing to be interviewed and have their blood 
drawn. Exclusion criteria included 
uncooperative individuals, those who had 
difficulties in two-way communication, or those 
who were unable to understand the 
Indonesian language. 
 
Instrumen and Procedure  

The research variables comprise two 
components: HbA1c and depression. HbA1c 
levels from venous blood were analyzed using 
an automated clinical analyzer based on the 
enzymatic assay method. This method 
involves two primary steps, HbA1c undergoes 
proteolysis to break it down into glycated 
amino acids or peptides, so these glycated 
components react with a specific enzyme, 
such as oxidase or dehydrogenase, which is 
designed to target the glycated amino acids or 
peptides, enabling precise measurement of % 
HbA1c levels. 18 

Depression severity was determined 
with the Geriatric Depression Scale (GDS) 
which is a widely used assessment tool to 
identify symptoms of depression in older 
adults. The GDS questionnaire is aimed at 
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assessing key aspects such as mood, activity 
levels, and engagement in daily activities that 
consist of 15 “Yes” or “No” questions. Based 
on the GDS scoring system, depression is 
classified into four categories: normal  (0-4 
points), mild depression (5-8 points), 
moderate depression (9-11 points), and 
severe depression (12-15 points). 19 
 
Statistical Analysis  

Data analysis was conducted using 
Receiver Operating Characteristic (ROC) 
analysis to evaluate the predictive ability of 
HbA1c for depression severity. The ROC 
curve illustrates sensitivity and specificity at 
different threshold values of HbA1c, helping to 
identify the optimal HbA1c level for predicting 
and potentially preventing depression. The 
area under the curve (AUC) was used to 
measure the overall accuracy of HbA1c as a 
diagnostic tool, with a Geriatric Depression 
Scale (GDS) score of 4 being used to define 
severe depression. 

Ethical Clearance 
This study has been approved by the 

Tarumanagara University Human Research 
Ethics Committee, under the Institute of 
Research and Community Engagement, with 
the ethics review number 013-
UTHREC/UNTAR/VI/2024.. 
 
RESULT AND DISCUSSION  

This study involved 93 elderly 
respondents with an average age of 74.19 
years ranging from 61 to 97 years. Most 
respondents were female (82.8%), while the 
average HbA1c level among respondents was 
7.59%. The Geriatric Depression Scale 
showed that 59.1% of respondents were in 
normal condition without signs of depression. 
However, 40.9% of respondents experienced 
depression, with 20.4% having mild 
depression, 9.7% moderate depression, and 
10.8% severe depression. (Table 1). 

 
Table 1. Characteristics of Research Results 

 
Parameter N (%) Mean (SD) Med (Min-Max) 

Age 93 (100) 74.19 (7.95) 75 (61 – 97) 
Gender    
Male 16 (17.2)   
Female 77 (82.8)   
HbA1c  7.59 (1.41) 7.5 (4.7 – 12.9) 
Geriatric Depression Scale    
Normal 55 (59.1)   
Mild Depression 19 (20.4)   
Moderate Depression 9 (9.7)   
Severe Depression 10 (10.8)   

 
The ROC analysis demonstrated that 

HbA1c is a robust predictor of depression 
severity, with an area under the curve (AUC) 
of 0.692, indicating a moderate ability to 
predict severe depression outcomes. The 
95% confidence interval (CI) for the AUC, 
ranging from 0.510 to 0.873, further supports 
moderate to high predictive capability for 

severe depression within the elderly 
population. With a p-value of 0.049, this 
result strengthens the evidence for HbA1c as 
a significant predictor and highlights a 
statistically significant association between 
lower HbA1c levels and increased 
depression severity. (Table 2 and Figure 1).  

  
 

Table 1. Area Under Curve (AUC) of HbA1c as a Predictor of Depression 
 
  

Area Std. 
Error 

p-value 95% Confidence 
Interval 

Lower Upper 
0.692 0.093 0.049 0.510 0.873 
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Figure 1. Receiver Operating Characteristic (ROC) Curve of HbA1c as a Predictor of Depression 

 
Chronic hyperglycemia has been 

shown to diminish the activity of crucial brain 
neurotransmitters, such as dopamine, 
epinephrine, and norepinephrine, notably 
impacting the serotonin (5-hydroxytryptamine 
or 5-HT) system. This reduction contributes to 
mood disorders, behavioral challenges 
and plays a significant role in the 
neurobiological underpinnings of 
depression.17 One possible mechanism 
linking diabetes and depression involves 
alterations in brain chemistry. In individuals 
with diabetes, there is a reduction in the levels 
of free fraction L-tryptophan (FFT), a crucial 
precursor for serotonin synthesis. This 
decrease can inhibit the enzyme that converts 
FFT into serotonin, ultimately reducing 
serotonin production. Moreover, diabetes has 
been found to influence serotonin receptors; in 
particular, 5-HT1A receptors often show signs 
of dysregulation, whereas 5-HT2A receptors 
are typically upregulated in diabetes. These 
receptor changes may represent the brain's 
compensatory response to the reduced 
availability of serotonin. Collectively, these 
findings underscore a significant relationship 
between diabetes and depression, 
highlighting the vital role of serotonin. 20–23 
Additionally, hyperglycemia has been shown 
to interfere with normal glutamate function in 
the brain, which can disrupt emotional and 
cognitive processing. 24 

Furthermore, hyperglycemia causes 
inflammation, dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis, 
and impairment of the stress reactivity that 
leads to depression. 25,26 Neurons were 
particularly vulnerable to hyperglycemia due 
to elevated intracellular glucose levels, which 
can promote the formation of advanced 
glycation end products (AGEs). This cascade 
of events is associated with increased 
oxidative stress, inflammation, and impaired 
neurogenesis within the hippocampus, 
especially the dentate gyrus (DG) 27–32 the 
activation of the hypothalamic-pituitary-
adrenal (HPA) axis and elevated 
glucocorticoid (GC) levels, such as cortisol. 
Stress triggers the release of corticotropin-
releasing factor (CRF) from the hypothalamus, 
which leads to the production of 
glucocorticoids that affect mood and behavior. 
In diabetes, prolonged high levels of 
glucocorticoids can damage the hippocampus 
and disrupt the normal feedback system that 
controls stress hormones. This damage can 
lead to chronic high cortisol levels that 
contribute to depressive symptoms. 33–36 

Glucocorticoids (GCs) play a key role 
in regulating postsynaptic serotonin receptors: 
5-HT1A, 5-HT2A, and 5-HT2C, resulting in 
serotonin-driven effects on behavior and 
neuroendocrine functions. GC receptors are 
present not only on the cell bodies of 
ascending serotonergic neurons, suggesting a 
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direct regulatory influence on presynaptic 
serotonin activity, but also in areas like the 
amygdala, prefrontal cortex, and 
hippocampus. These regions are critical to 
mood and cognitive processes, hinting that 
GCs could directly modulate the serotonin 
system in ways relevant to mood disorders. 
Chronic exposure to high GC levels, such as 
during prolonged stress, has been shown to 
decrease the expression and function of 5-
HT1A heteroreceptors in the hippocampus. 
This reduction, primarily due to transcriptional 
repression via glucocorticoid receptor (GR) 
and mineralocorticoid receptor (MR), weakens 
serotonin neurotransmission and potentially 
triggers depressive symptoms. 37–41 

Conversely, research conducted by 
Gilzans et al. indicates that individuals 
experiencing severe hypoglycemic events 
also have a 75% increased risk of developing 
depression. This finding raises the possibility 
that lower HbA1c levels may result from 
stringent glycemic control, which often leads 
to a higher frequency of hypoglycemic 
episodes. Recurrent hypoglycemia can 
adversely impact cognitive function, impair 
mitochondrial respiration in the hippocampus, 
and subsequently elevate levels of free 
radicals. Furthermore, these episodes can 
disrupt the brain's glutamate and GABA 
neurotransmitter systems, ultimately resulting 
in increased neuronal death. 42,43 

While our findings indicate that HbA1c 
holds potential as a biomarker for identifying 
depression severity in elderly individuals with 
diabetes, caution must be exercised before 
advocating its routine use in clinical screening. 
The study design presented certain limitations 
that may have introduced confounding 
variables affecting both glycemic and 
psychological outcomes. Notably, participants 
in the elderly cohort were informed of the 
forthcoming evaluation four months in 
advance, which likely influenced their 
behavior, prompting dietary modifications, 
improved medication adherence, or lifestyle 
changes aimed at optimizing test results. Such 
anticipatory adjustments could have 
independently impacted depressive 

symptoms, thereby masking the natural 
relationship between chronic glycemic control 
and mood.  

Moreover, HbA1c provides a 
retrospective view of average blood glucose 
over the past three months, rather than 
offering insight into current glucose 
fluctuations. As a result, it may not fully 
capture acute changes in metabolic status that 
could be more closely linked with mood at the 
time of assessment. In this context, random 
blood glucose measurements might offer a 
more immediate and accurate reflection of 
present glycemic status and its association 
with emotional well-being. Therefore, while 
HbA1c shows potential as a predictive 
biomarker, these limitations indicate that it 
may not yet be suitable as a standalone 
screening tool for depression in routine clinical 
practice. Further research with tighter controls 
and real-time glucose assessments is needed 
to validate its utility and accuracy in diverse, 
real-world settings. 

There is also the possibility of 
overlapping symptoms between 
hypoglycemia and depression. There’s a 
complex relationship between hypoglycemia 
and depression, especially in elderly 
individuals, where overlapping symptoms, 
such as mood swings and increased irritability, 
make it challenging to diagnose and manage 
these conditions separately. Hypoglycemia 
can often mimic symptoms of depression, 
showing up as irritability, anxiety, fatigue, 
confusion, and physical signs like sweating, 
tremors, and a racing heart as the body 
releases adrenaline to cope with the low 
glucose levels. This symptom overlap implies 
shared neurobiological pathways, involving 
adrenergic signaling and neurotransmitter 
systems essential for mood regulation. 44–46 

Genetic and epigenetic factors are 
also significant and may predispose elderly 
individuals to depression, whether associated 
with metabolic disturbances or even with 
normal HbA1c levels. Genetic predispositions 
play a role in depressive symptoms, varying 
based on individual genetic liability. For 
instance, brain-derived neurotrophic factor 
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(BDNF) is crucial for neuronal survival, 
neurogenesis, neuronal differentiation, and 
neuroplasticity, all of which influence mood 
regulation. Additionally, polymorphisms in 
SLC6A4, the gene encoding the serotonin 
transporter, are also associated with an 
increased risk of major depressive disorder 
over a lifetime and with higher severity of 
depressive episodes. 47–50 

 
CONCLUSIONS 

This finding highlights the potential 
utility of HbA1c as a valuable biomarker for the 
early detection of depression in elderly 
individuals. We suggest that routine diabetes 
management for older adults should include 
screening with the Geriatric Depression Scale 
(GDS) to detect and address depressive 
symptoms at an early stage 

  
Study Limitations and Futuristic Research  

This study focused exclusively on the 
elderly population to assess the potential role 
of HbA1c in predicting depression, without 
considering other variables that may influence 
either HbA1c levels or depressive symptoms. 
Additionally, the lack of longitudinal data 

restricts the ability to analyze changes in 
HbA1c levels and depression over time, 
limiting our understanding of how fluctuations 
in glycemic control may affect mental health 
outcomes. Further research is essential to 
determine HbA1c limits to prevent depression 
and confirm HbA1c's therapeutic relevance in 
depression management among older adults 
and to understand underlying mechanisms. 

 
Informed Consent Statement  

Data in this study were obtained with 
informed consent from the respondents. 
Respondents were thoroughly informed about 
the study's nature, purpose, and potential 
applications, with documented consent 
following institutional protocol and ethical 
standards 
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The dataset can be requested from 
the corresponding author and will be released 
on reasonable request. 

 
Conflicts of Interest 

The authors declare no conflicts of 
interest. 

 

 REFERENCES 
 

1. Irawaty Hawari, Dean Ascha Wijaya, Fernando Nathaniel, Noer Saelan Tadjudin, Yohanes 
Firmansyah. Hubungan Depresi dengan Kejadian Gangguan Kognitif. Journal of Educational 
Innovation and Public Health [Internet]. 2023 Jul 10;1(3):75–85. Available from: 
https://prin.or.id/index.php/Innovation/article/view/1496  

2. Muhammad T, Meher T. Association of late-life depression with cognitive impairment: evidence 
from a cross-sectional study among older adults in India. BMC Geriatr [Internet]. 2021 Dec 
15;21(1):364. Available from: https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-
021-02314-7  

3. Malhi GS, Mann JJ. Depression. The Lancet [Internet]. 2018 Nov;392(10161):2299–312. 
Available from: https://linkinghub.elsevier.com/retrieve/pii/S0140673618319482  

4. Sepehrmanesh Z, Kolahdooz F, Abedi F, Mazroii N, Assarian A, Asemi Z, et al. Retracted: 
Vitamin D Supplementation Affects the Beck Depression Inventory, Insulin Resistance, and 
Biomarkers of Oxidative Stress in Patients with Major Depressive Disorder: A Randomized, 
Controlled Clinical Trial. J Nutr [Internet]. 2016 Feb;146(2):243–8. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0022316622137521  

5. Giri M, Chen T, Yu W, Lü Y. Prevalence and correlates of cognitive impairment and depression 
among elderly people in the world&rsquo;s fastest growing city, Chongqing, People&rsquo;s 
Republic of China. Clin Interv Aging [Internet]. 2016 Aug;Volume 11:1091–8. Available from: 
https://www.dovepress.com/prevalence-and-correlates-of-cognitive-impairment-and-
depression-among-peer-reviewed-article-CIA  



Jambi Medical Journal: Jurnal Kedokteran dan Kesehatan 
Volume 13 No 1 May 2025, Page: 16-25  Bryan AW et al, Evaluating HbA1c….. 

 
 

 22 

6. Idaiani S, Indrawati L. Functional status in relation to depression among elderly individuals in 
Indonesia: a cross-sectional analysis of the Indonesian National Health Survey 2018 among 
elderly individuals. BMC Public Health [Internet]. 2021 Dec 30;21(1):2332. Available from: 
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-12260-z  

7. Handajani YS, Schröder-Butterfill E, Hogervorst E, Turana Y, Hengky A. Depression among 
Older Adults in Indonesia: Prevalence, Role of Chronic Conditions and Other Associated Factors. 
Clinical Practice & Epidemiology in Mental Health [Internet]. 2022 Sep 
5;18(1):e174501792207010. Available from: https://clinical-practice-and-epidemiology-in-
mental-health.com/VOLUME/18/ELOCATOR/e174501792207010/  

8. Maier A, Riedel-Heller SG, Pabst A, Luppa M. Risk factors and protective factors of depression 
in older people 65+. A systematic review. Bayer A, editor. PLoS One [Internet]. 2021 May 
13;16(5):e0251326. Available from: https://dx.plos.org/10.1371/journal.pone.0251326  

9. Susy Olivia, Alexander Halim Santoso, Alicia Herdiman, Yovian Timothy Satyo, Farell Christian 
Gunaidi, Edwin Destra. Kegiatan Penapisan Kesehatan Mental Mengenai Depresi Pada 
Kelompok Lanjut Usia. KREATIF: Jurnal Pengabdian Masyarakat Nusantara [Internet]. 2024 
Jun 12;4(2):87–93. Available from: 
https://journal.amikveteran.ac.id/index.php/kreatif/article/view/3380  

10. Park M, Reynolds CF. Depression Among Older Adults with Diabetes Mellitus. Clin Geriatr Med 
[Internet]. 2015 Feb;31(1):117–37. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0749069014000925  

11. Fiske A, Wetherell JL, Gatz M. Depression in Older Adults. Annu Rev Clin Psychol [Internet]. 
2009 Apr 1;5(1):363–89. Available from: 
https://www.annualreviews.org/doi/10.1146/annurev.clinpsy.032408.153621  

12. Chireh B, Li M, D’Arcy C. Diabetes increases the risk of depression: A systematic review, meta-
analysis and estimates of population attributable fractions based on prospective studies. Prev Med 
Rep [Internet]. 2019 Jun;14:100822. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S2211335518302365  

13. Langberg J, Mueller A, Rodriguez de la Vega P, Castro G, Varella M. The Association of 
Hemoglobin A1c Levels and Depression Among Adults With Diabetes in the United States. 
Cureus. 2022 Feb;14(2):e22688 https://doi.org/10.7759/cureus.22688 .   

14. Genis-Mendoza AD, González-Castro TB, Tovilla-Vidal G, Juárez-Rojop IE, Castillo-Avila RG, 
López-Narváez ML, et al. Increased Levels of HbA1c in Individuals with Type 2 Diabetes and 
Depression: A Meta-Analysis of 34 Studies with 68,398 Participants. Biomedicines. 2022 Aug 
8;10(8) https://doi.org/10.3390/biomedicines10081919 .  

15. Wium-Andersen IK, Hengeveld EM, Rungby J, Jørgensen MB, Osler M, Wium-Andersen MK. 
Hemoglobin A1c-levels and subsequent risk of depression in individuals with and without 
diabetes. J Diabetes Complications [Internet]. 2021 Aug;35(8):107946. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S1056872721001331  

16. Dzida G, Karnieli E, Svendsen AL, Sølje KS, Hermanns N. Depressive symptoms prior to and 
following insulin initiation in patients with type 2 diabetes mellitus: Prevalence, risk factors and 
effect on physician resource utilisation. Prim Care Diabetes [Internet]. 2015 Oct 1;9(5):346–53. 
Available from: https://linkinghub.elsevier.com/retrieve/pii/S1751991815000030  

17. Prabhakar V, Gupta D, Kanade P, Radhakrishnan M. Diabetes-associated depression: The 
serotonergic system as a novel multifunctional target. Indian J Pharmacol. 2015;47(1):4 
https://doi.org/10.4103/0253-7613.150305  .  

18. Hirokawa K, Nakamura K, Kajiyama N. Enzymes used for the determination of HbA 1C. FEMS 
Microbiol Lett [Internet]. 2004 Jun 1;235(1):157–62. Available from: 
https://academic.oup.com/femsle/article-lookup/doi/10.1111/j.1574-6968.2004.tb09581.x  

19. Yesavage JA. Geriatric Depression Scale. Psychopharmacol Bull [Internet]. 1988;24(4):709–11. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/3249773  

20. Manjarrez-Gutiérrez G, Herrera-Márquez JR, Molina-Hernández A, Bueno-Santoyo S, 
González-Ramírez M, Hernández J. [Changes in cerebra serotonin synthesis induced by insulin-



Jambi Medical Journal: Jurnal Kedokteran dan Kesehatan 
Volume 13 No 1 May 2025, Page: 16-25  Bryan AW et al, Evaluating HbA1c….. 

 
 

 23 

dependent diabetes mellitus]. Rev Invest Clin [Internet]. 1999;51(5):293–302. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/10614139  

21. Miyata S, Hirano S, Kamei J. Diabetes Attenuates the Antidepressant-Like Effect Mediated by 
the Activation of 5-HT1A Receptor in the Mouse Tail Suspension Test. 
Neuropsychopharmacology [Internet]. 2004 Mar 19;29(3):461–9. Available from: 
https://www.nature.com/articles/1300354  

22. Wilhelm K, Gillis I, Reddy J, Mitchell PB, Campbell L, Dobson-Stone C, et al. Association 
between serotonin transporter promoter polymorphisms and psychological distress in a diabetic 
population. Psychiatry Res [Internet]. 2012 Dec;200(2–3):343–8. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0165178112003605  

23. Sandrini M, Vitale G, Vergoni AV, Ottani A, Bertolini A. Streptozotocin-induced diabetes 
provokes changes in serotonin concentration and on 5-HT1A and 5-HT2 receptors in the rat brain. 
Life Sci [Internet]. 1997 Mar;60(16):1393–7. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0024320597000842  

24. Bolo NR, Jacobson AM, Musen G, Keshavan MS, Simonson DC. Acute Hyperglycemia 
Increases Brain Pregenual Anterior Cingulate Cortex Glutamate Concentrations in Type 1 
Diabetes. Diabetes [Internet]. 2020 Jul 1;69(7):1528–39. Available from: 
https://diabetesjournals.org/diabetes/article/69/7/1528/39548/Acute-Hyperglycemia-Increases-
Brain-Pregenual  

25. Magariños AM, McEwen BS. Experimental diabetes in rats causes hippocampal dendritic and 
synaptic reorganization and increased glucocorticoid reactivity to stress. Proceedings of the 
National Academy of Sciences [Internet]. 2000 Sep 26;97(20):11056–61. Available from: 
https://pnas.org/doi/full/10.1073/pnas.97.20.11056  

26. Kivimaki M, Tabak AG, Batty GD, Singh-Manoux A, Jokela M, Akbaraly TN, et al. 
Hyperglycemia, Type 2 Diabetes, and Depressive Symptoms. Diabetes Care [Internet]. 2009 Oct 
1;32(10):1867–9. Available from: 
https://diabetesjournals.org/care/article/32/10/1867/25987/Hyperglycemia-Type-2-Diabetes-
and-Depressive  

27. van Sloten T, Schram M. Understanding depression in type 2 diabetes: a biological approach in 
observational studies. F1000Res [Internet]. 2018 Aug 14;7:1283. Available from: 
https://f1000research.com/articles/7-1283/v1  

28. van Dooren FEP, Pouwer F, Schalkwijk CG, Sep SJS, Stehouwer CDA, Henry RMA, et al. 
Advanced Glycation End Product (AGE) Accumulation in the Skin is Associated with 
Depression: The Maastricht Study. Depress Anxiety [Internet]. 2017 Jan;34(1):59–67. Available 
from: https://onlinelibrary.wiley.com/doi/10.1002/da.22527  

29. Czarny P, Wigner P, Galecki P, Sliwinski T. The interplay between inflammation, oxidative 
stress, DNA damage, DNA repair and mitochondrial dysfunction in depression. Prog 
Neuropsychopharmacol Biol Psychiatry [Internet]. 2018 Jan;80:309–21. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0278584616302986  

30. Ottum MS, Mistry AM. Advanced glycation end-products: modifiable environmental factors 
profoundly mediate insulin resistance. J Clin Biochem Nutr [Internet]. 2015;57(1):1–12. 
Available from: https://www.jstage.jst.go.jp/article/jcbn/57/1/57_15-3/_article  

31. Wang S hua, Sun Z lin, Guo Y jing, Yuan Y, Yang B quan. Diabetes Impairs Hippocampal 
Function via Advanced Glycation End Product Mediated New Neuron Generation in Animals 
with Diabetes-Related Depression. Toxicological Sciences [Internet]. 2009 Sep;111(1):72–9. 
Available from: https://academic.oup.com/toxsci/article/1670782/Diabetes  

32. Hwang IK, Yi SS, Kim YN, Kim IY, Lee IS, Yoon YS, et al. Reduced Hippocampal Cell 
Differentiation in the Subgranular Zone of the Dentate Gyrus in a Rat Model of Type II Diabetes. 
Neurochem Res [Internet]. 2008 Mar 22;33(3):394–400. Available from: 
http://link.springer.com/10.1007/s11064-007-9440-8  

33. Vogelzangs N, Suthers K, Ferrucci L, Simonsick EM, Ble A, Schrager M, et al. 
Hypercortisolemic depression is associated with the metabolic syndrome in late-life. 



Jambi Medical Journal: Jurnal Kedokteran dan Kesehatan 
Volume 13 No 1 May 2025, Page: 16-25  Bryan AW et al, Evaluating HbA1c….. 

 
 

 24 

Psychoneuroendocrinology [Internet]. 2007 Feb;32(2):151–9. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0306453006002046  

34. Schmitz N, Deschênes S, Burns R, Smith KJ. Depressive symptoms and glycated hemoglobin 
A1c: a reciprocal relationship in a prospective cohort study. Psychol Med [Internet]. 2016 Apr 
1;46(5):945–55. Available from: 
https://www.cambridge.org/core/product/identifier/S0033291715002445/type/journal_article  

35. Sapolsky RM. Glucocorticoids and Hippocampal Atrophy in Neuropsychiatric Disorders. Arch 
Gen Psychiatry [Internet]. 2000 Oct 1;57(10):925. Available from: 
http://archpsyc.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.57.10.925  

36. Mocking RJT, Ruhé HG, Assies J, Lok A, Koeter MWJ, Visser I, et al. Relationship between the 
hypothalamic–pituitary–adrenal-axis and fatty acid metabolism in recurrent depression. 
Psychoneuroendocrinology [Internet]. 2013 Sep;38(9):1607–17. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0306453013000188  

37. Haleem DJ. Glucocorticoids in the Physiological and Transcriptional Regulation of 5-HT1A 
Receptor and the Pathogenesis of Depression. The Neuroscientist [Internet]. 2022 Feb 
27;28(1):59–68. Available from: https://journals.sagepub.com/doi/10.1177/1073858420975711  

38. Han F, Ozawa H, Matsuda K ichi, Nishi M, Kawata M. Colocalization of mineralocorticoid 
receptor and glucocorticoid receptor in the hippocampus and hypothalamus. Neurosci Res 
[Internet]. 2005 Apr;51(4):371–81. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0168010204003116  

39. Espallergues J, Teegarden SL, Veerakumar A, Boulden J, Challis C, Jochems J, et al. HDAC6 
Regulates Glucocorticoid Receptor Signaling in Serotonin Pathways with Critical Impact on 
Stress Resilience. The Journal of Neuroscience [Internet]. 2012 Mar 28;32(13):4400–16. 
Available from: https://www.jneurosci.org/lookup/doi/10.1523/JNEUROSCI.5634-11.2012  

40. Hesen W, Joëls M. Modulation of 5HT 1A Responsiveness in CA1 Pyramidal Neurons by in vivo 
Activation of Corticosteroid Receptors. J Neuroendocrinol [Internet]. 1996 Jun 31;8(6):433–8. 
Available from: https://onlinelibrary.wiley.com/doi/10.1046/j.1365-2826.1996.04724.x  

41. Celada P, Puig M, Amargós-Bosch M, Adell A, Artigas F. The therapeutic role of 5-HT1A and 
5-HT2A receptors in depression. J Psychiatry Neurosci [Internet]. 2004 Jul;29(4):252–65. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15309042  

42. Gilsanz P, Karter AJ, Beeri MS, Quesenberry CP, Whitmer RA. The Bidirectional Association 
Between Depression and Severe Hypoglycemic and Hyperglycemic Events in Type 1 Diabetes. 
Diabetes Care [Internet]. 2018 Mar 1;41(3):446–52. Available from: 
https://diabetesjournals.org/care/article/41/3/446/36617/The-Bidirectional-Association-
Between-Depression  

43. Rehni AK, Dave KR. Impact of Hypoglycemia on Brain Metabolism During Diabetes. Mol 
Neurobiol [Internet]. 2018 Dec 10;55(12):9075–88. Available from: 
http://link.springer.com/10.1007/s12035-018-1044-6  

44. Mader E, Brikman S, Dori G, Sagi O, Pinkhasov A. An Overlapping Presentation of 
Hypoglycemia and Catatonia—A Case Report and Literature Review. Psychiatry International 
[Internet]. 2022 Nov 18;3(4):332–5. Available from: https://www.mdpi.com/2673-5318/3/4/27  

45. Zeitoun MH, Abdel Reheem AA, Kharboush IF, Sheshtawy H, Assad DH, El Feky AY. 
Relationship between depressive and anxiety symptoms and fear of hypoglycemia among 
adolescents and adults with type 1 diabetes mellitus. Prim Care Diabetes [Internet]. 2023 
Jun;17(3):255–9. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S1751991823000396  

46. Park MJ, Yoo SW, Choe BS, Dantzer R, Freund GG. Acute hypoglycemia causes depressive-
like behaviors in mice. Metabolism [Internet]. 2012 Feb;61(2):229–36. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0026049511001934  

47. Chakrapani S, Eskander N, De Los Santos LA, Omisore BA, Mostafa JA. Neuroplasticity and 
the Biological Role of Brain Derived Neurotrophic Factor in the Pathophysiology and 
Management of Depression. Cureus [Internet]. 2020 Nov 9; Available from: 



Jambi Medical Journal: Jurnal Kedokteran dan Kesehatan 
Volume 13 No 1 May 2025, Page: 16-25  Bryan AW et al, Evaluating HbA1c….. 

 
 

 25 

https://www.cureus.com/articles/43314-neuroplasticity-and-the-biological-role-of-brain-
derived-neurotrophic-factor-in-the-pathophysiology-and-management-of-depression  

48. Zelada MI, Garrido V, Liberona A, Jones N, Zúñiga K, Silva H, et al. Brain-Derived 
Neurotrophic Factor (BDNF) as a Predictor of Treatment Response in Major Depressive Disorder 
(MDD): A Systematic Review. Int J Mol Sci [Internet]. 2023 Sep 30;24(19):14810. Available 
from: https://www.mdpi.com/1422-0067/24/19/14810  

49. Kosciuszko M, Steptoe A, Ajnakina O. Genetic propensity, socioeconomic status, and 
trajectories of depression over a course of 14 years in older adults. Transl Psychiatry [Internet]. 
2023 Feb 23;13(1):68. Available from: https://www.nature.com/articles/s41398-023-02367-9  

50. Miozzo R, Eaton WW, Joseph Bienvenu O, Samuels J, Nestadt G. The serotonin transporter gene 
polymorphism (SLC6A4) and risk for psychiatric morbidity and comorbidity in the Baltimore 
ECA follow-up study. Compr Psychiatry [Internet]. 2020 Oct;102:152199. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S0010440X20300419  

 


