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ABSTRACT 

Background: HER2-positive breast cancer (BC) is known for its aggressive behavior and increased risk of brain metastases 

(BM), which worsens patient prognosis and limits therapeutic options due to the blood brain barrier (BBB). This study 

systematically evaluates HER2 overexpression as a predictive factor of BM in breast cancer patients through a Systematic 

Literature Review (SLR) and visualizes global research trends using VOSviewer. This systematic review assessed the 

relationship between serum hs-CRP levels and cognitive impairment in elderly T2DM patients, exploring its potential as an 

early screening biomarker. 

Methods: This systematic review was conducted in accordance with the PRISMA 2020 guidelines. PubMed, Scopus, and 

Google Scholar were systematically searched for studies published between January 2017 and March 2025. Observational 

studies involving patients aged ≥60 years with T2DM that reported both hs-CRP levels and cognitive outcomes were 

included. Study selection, data extraction, and methodological quality assessment using the Joanna Briggs Institute (JBI) 

critical appraisal tool were performed independently by two reviewers. Due to heterogeneity in study design, cognitive 

assessment tools, and hs-CRP reporting, findings were synthesized narratively. 

Results: Most studies showed that higher hs-CRP levels were associated with mild cognitive impairment and poorer 

executive or memory function in elderly T2DM patients. Some evidence indicated that hs-CRP elevation may precede 

measurable cognitive decline, suggesting its role in early neuroinflammation. 

Conclusion: Elevated hs-CRP is consistently linked to cognitive dysfunction in elderly T2DM patients and may serve as a 

practical biomarker for early detection. Further longitudinal and interventional studies are needed to establish causality 

and diagnostic thresholds. 
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INTRODUCTION 

Indonesia’s life expectancy continues to rise annually. In 2022, the life expectancy for males 

reached 69.93 years and for females 73.83 years. By 2024, this figure increased to 70.32 years (males) 

and 74.21 years (females).1 This demographic shift has resulted in an increasing number of elderly 

individuals. The elderly, defined as individuals aged over 60, naturally experience a decline in 

physiological function due to accumulated cellular and molecular damage.2 Consequently, the elderly 

are more vulnerable to various health conditions categorized as geriatric syndromes, including frailty, 

delirium, urinary incontinence, and pressure ulcers.3 

Chronic diseases such as diabetes mellitus exacerbate the risk of geriatric syndromes. Diabetes 

accelerates aging through the accumulation of advanced glycation end-products (AGEs), markers of 

tissue aging. This, combined with long-term microvascular and macrovascular complications, leads to 

increased incidence among the elderly. These complications directly contribute to cognitive decline, 

potentially due to reduced cerebral blood supply and chronic inflammatory processes.4 

One potential inflammatory marker for detecting cognitive dysfunction is hs-CRP. Several 

studies report elevated hs-CRP levels in individuals with cognitive impairment and dementia. Chronic 

peripheral inflammation may extend to the central nervous system as hs-CRP can penetrate the blood-

brain barrier. Additionally, increased CRP levels have been found in cerebrospinal fluid.5 This systematic 

review aims to explore the relationship between serum hs-CRP levels and the risk of cognitive 

dysfunction in elderly individuals with T2DM. The study also aims to evaluate the relevance of hs-CRP 

as an early detection or screening tool for cognitive decline in high-risk populations. 

 

 

METHODS 

Study Design 

 This study was designed as a systematic review with narrative synthesis and conducted in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

2020 guidelines. 

Search Strategy 

Relevant studies published between January 2017 and March 2025 were retrieved from three 

major databases: PubMed, Scopus, and Google Scholar. The following search terms and Boolean 
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operators were applied: ("high-sensitivity C-reactive protein" OR "hs-CRP") AND ("cognitive 

impairment" OR "mild cognitive impairment" OR "dementia") AND ("type 2 diabetes mellitus" OR 

"T2DM") AND ("elderly" OR "older adults"). Manual searches of reference lists from included studies 

were also performed to identify additional relevant publications. 

Eligibility Criteria 

Eligible studies were original observational research (cross-sectional, cohort, or case–control) 

that examined the association between hs-CRP levels and cognitive function in elderly patients (≥60 

years) with T2DM. Only full-text articles published in English or Indonesian were included. Review 

articles, meta-analyses, conference abstracts, case reports, animal studies, studies involving non-diabetic 

or non-elderly populations, and non–peer-reviewed manuscripts were excluded. 

Study Selection 

All retrieved articles were imported into a citation manager and screened in two phases: 

title/abstract screening and full-text review. Two independent reviewers conducted the selection process, 

and disagreements were resolved through discussion or consultation with a third reviewer. The overall 

selection process was summarized using a PRISMA flow diagram, showing the number of records 

identified, screened, and included. 

Data Extraction 

Data extraction was conducted independently by two reviewers using a standardized data extraction 

form to ensure consistency and accuracy. From each eligible study, relevant information was 

systematically collected, including the authors’ names, year of publication, and country of origin, as 

well as the study design and sample size. Detailed participant characteristics were extracted, such as 

mean age, sex distribution, and duration of type 2 diabetes mellitus. Information regarding hs-CRP 

assessment, including the measurement methods and reported cut-off values, was recorded. Cognitive 

evaluation methods employed in each study, such as the Montreal Cognitive Assessment (MoCA), Mini-

Mental State Examination (MMSE), or other validated instruments, were also documented. In addition, 

the principal findings describing the association between hs-CRP levels and cognitive outcomes were 

extracted for qualitative synthesis. Any discrepancies in the extracted data were resolved through 

discussion to reach consensus. 

Quality Assessment 
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The Joanna Briggs Institute (JBI) critical appraisal tool was used to assess the methodological 

quality and risk of bias of the included studies. Studies scoring below 60% were excluded from the 

synthesis. Any disagreements between reviewers were resolved through consensus. All seven included 

studies achieved JBI scores of ≥60% and were therefore considered methodologically adequate for 

qualitative synthesis. 

Data Synthesis 

Given the heterogeneity across study designs, populations, and outcome measures, a narrative 

synthesis approach was adopted. Findings were grouped according to study design and cognitive 

domains affected (e.g., memory, executive function, global cognition). Patterns and trends in hs-CRP–

related cognitive impairment were summarized descriptively. 

 

Figure 1. PRISMA 2020 Flow Diagram 

A total of 132 records were identified through database searching (PubMed, Scopus, and Google 

Scholar) and five additional articles were found through manual reference checking. After removing 

duplicates, 118 records remained for screening. Based on title and abstract review, 83 studies were 

excluded because they were unrelated to hs-CRP, cognitive function, or type 2 diabetes. 

The remaining 35 full-text articles were assessed for eligibility. Among them, 25 studies were 

excluded because they did not meet the inclusion criteria (non-elderly samples, non-diabetic 

populations, or lacking cognitive outcome data). Finally, seven studies met all inclusion criteria and 
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were included in the qualitative synthesis. These included studies form the basis of the present review 

(see Table 1 for details). 

 

 

RESULTS 

 

A total of seven studies met the inclusion criteria and were included in the final qualitative 

synthesis. The characteristics and findings of these studies are summarized below. 

Table 1. Summary of Included Studies Evaluating hs-CRP and Cognitive Impairment in Elderly Patients 

with Type 2 Diabetes Mellitus 

No 

Author 

(Year) 

Country 

Study 

Design 

Sample 

(n) 

Mean 

Age 

(years) 

Cognitive 

Test 

Main Findings 

1 

Gorska-

Ciebiada & 

Ciebiada 

(2020) 

Poland 

Cross-

sectional 

120 67.4 MMSE 

Higher hs-CRP 

significantly 

associated with 

mild cognitive 

impairment (MCI). 

2 

Wang et al. 

(2023) 

China Cohort 8,540 68.3 MoCA 

Elevated hs-CRP 

linked to faster 

cognitive decline 

over 5 years. 

3 

Ragaa et al. 

(2023) 

Egypt 

Cross-

sectional 

98 65.1 MMSE 

hs-CRP correlated 

with executive 

dysfunction and 
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poor memory in 

diabetic elderly. 

4 

Dwipayana 

et al. (2017) 

Indonesia 

Cross-

sectional 

86 63.5 — 

Patients on insulin 

therapy had higher 

hs-CRP compared 

to oral drug users. 

5 

Muhammad 

et al. (2022) 

Indonesia 

Cross-

sectional 

150 65.0 — 

Higher hs-CRP 

observed among 

elderly with 

chronic metabolic 

diseases including 

diabetes. 

6 

Banait et al. 

(2022) 

India Review — — — 

Inflammation 

contributing to 

cognitive aging. 

7 

Rahmawati 

& 

Laksmidewi 

(2021) 

Indonesia Review — — — 

Literature confirms 

hs-CRP as an 

inflammatory 

mediator 

associated with 

cognitive 

dysfunction in 

T2DM. 
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Across these seven studies, elevated hs-CRP levels were consistently correlated with poorer 

cognitive outcomes, particularly in executive and memory domains. The findings reinforce the role of 

systemic inflammation in neurodegeneration among elderly individuals with type 2 diabetes mellitus. 

Aging Process 

Elderly individuals (≥60 years) experience a progressive decline in physical function, 

adaptability, and increased susceptibility to degenerative diseases.2 The aging process occurs at multiple 

levels: cellular, tissue, organ, and systemic. The pathophysiology of aging includes nuclear and 

mitochondrial DNA damage, age-related epigenetic changes, cell cycle disruption, reactive oxygen 

species (ROS) formation, mitochondrial dysfunction, protein homeostasis imbalance, signaling pathway 

alterations, and dysregulation of autophagy and metabolism.5 

Cellular senescence is characterized by irreversible cell cycle arrest, resistance to apoptosis, 

inflammation, and tissue damage. The accumulation of senescent cells contributes to pathogenesis in 

degenerative conditions, leading to chronic inflammation, metabolic dysregulation, stem cell 

dysfunction, chronic diseases, geriatric syndromes, and decreased immunity.5 This cellular-level 

damage progresses to organ system decline, including the nervous, digestive, cardiovascular, and 

respiratory systems. Body composition changes also occur, such as reduced muscle mass, increased fat 

mass and centralization, and elevated intramuscular fat.6  

Cognitive Impairment  

Cognitive impairment is commonly divided into non-dementia cognitive impairment or mild 

cognitive impairment (MCI), and dementia. MCI is defined as a decline of 1–1.5 standard deviations 

below the age-appropriate mean in one or more cognitive domains, without significant interference in 

daily functioning, representing a transitional stage between normal aging and pathological decline.7 

Dementia involves impairment in one or more cognitive domains with associated deficits in daily living 

and social functioning. MCI is prevalent in 10–20% of elderly individuals over 65 without dementia, 

with risk of progression to dementia at 10–15% annually, and up to 80% over six years.7 Studies such 

as the Mayo Clinic Study of Aging and the American Academy of Neurology estimate MCI prevalence 

at 15–20% in individuals aged >65.8  

Brain function progressively declines with age, mainly affecting learning and memory. These 

processes rely on synaptic plasticity involving the hippocampus and cortex, and recent studies show the 

cerebellum also plays an independent role. Neuronal and non-neuronal cells such as astrocytes undergo 
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senescence during aging. Astrocytic metabolic changes can disrupt neuronal metabolism, ultimately 

affecting neural function and reducing biosynthetic capacity with age.9,10  

Cognitive impairment progresses from MCI to dementia, driven by structural and functional 

brain changes due to aging, and lifetime risk factors such as hypertension, diabetes, dyslipidemia, 

malnutrition, and cerebrovascular disease.11 Hippocampal atrophy impairs memory, and persistent 

damage becomes irreversible. Cognitive decline includes deteriorating thinking, concentration, 

intelligence, memory, and language, as well as visuospatial and executive functions. β-amyloid plaques 

and neuronal shrinkage, synapse loss, and white matter changes are frequently found in affected 

individuals.12  

Cognitive Function Assessment  

Screening tools for cognitive function in the elderly are critical for detecting cognitive 

impairment. Early identification helps prevent dementia, which affects quality of life.13 The gold 

standard for diagnosing cognitive impairment is neuropsychological testing, which is time-intensive and 

requires trained physician to conduct. Common screening tools include the Mini-Mental State 

Examination (MMSE), Montreal Cognitive Assessment (MoCA), Ascertainment Dementia 8 (AD8), 

Clock Drawing Test (CDT), and CERAD.7 

 

Montreal Cognitive Assessment (MoCA)  

MoCA is a brief screening tool for MCI, evaluating attention, concentration, calculations, 

executive functions, memory, language, visuospatial skills, conceptual thinking, and orientation in 

approximately 10 minutes. The Indonesian version (MoCA-Ina) has been validated, with a 

maximum score of 30; scores ≥26 are considered normal, while ≤25 indicates cognitive impairment. 

One additional point is given to individuals with ≤12 years of education if the score is below 30.  

MoCA has superior sensitivity for detecting MCI.14,15  

Mini-Mental State Examination (MMSE)  

MMSE is better suited for detecting moderate to severe cognitive impairment, assessing general 

cognitive function. Interpretation considers education and awareness levels. MMSE score categories 

include: 0–16 (severe impairment), 17–23 (moderate impairment), 24–30 (normal cognition).15  
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DISCUSSION 

 

This review synthesized findings from seven studies that examined the relationship between hs-

CRP and cognitive impairment in elderly individuals with type 2 diabetes mellitus. Collectively, these 

studies support the hypothesis that chronic systemic inflammation, reflected by elevated hs-CRP levels, 

contributes to neurodegenerative changes and cognitive decline. 

Diabetes Mellitus and Cognitive Impairment  

Diabetes is a major risk factor for cognitive impairment, with incidence doubled in T2DM 

patients compared to healthy individuals.16 Global studies—including the Health and Retirement Study 

(HRS), Mexican Health and Aging Study (MHAS), and Brazilian Longitudinal Study of Aging (ELSI-

Brazil)—demonstrate increased cognitive impairment in diabetes patients. Meta-analysis show a 62% 

higher risk of cognitive decline and dementia, with diabetes associated with 1.5 times greater risk of 

Alzheimer’s and 2.5 times higher risk of vascular dementia.17 A U.S. cohort study found elevated blood 

glucose levels to be a risk factor for dementia even in non-diabetes patients.18  

In elderly population living with diabetes, cognitive impairment is influenced by disease 

progression, poor glycemic control, comorbidities, and complications. The exact mechanisms remain 

unclear, but high HbA1c, recurrent hypoglycemia, and glucose instability have been linked to cognitive 

dysfunction.14 Studies by Underwood et al. (2024) show prolonged disease and use of hypoglycemic 

drugs, like insulin increase cognitive risk.19 

Hyperglycemia plays a central role in cognitive decline in T2DM through amyloid metabolism 

disruption, microvascular damage, insulin dysregulation, IGF-1 signaling changes, and inflammatory 

cytokine elevation.16,17 These factors directly impair neural tissue or cause vascular changes leading to 

cerebral infarct. Insulin supports neuronal growth and protection, but peripheral insulin resistance may 

reduce brain insulin, impairing cognition. 18 T2DM alters neuronal metabolism, vascular systems, and 

support tissues, primarily via insulin resistance, hyperglycemia, and inflammation. Insulin resistance 

disrupts neuronal energy, antioxidant balance, and promotes amyloid-β accumulation, triggering 

inflammation and blood-brain barrier damage.20–22 Chronic hyperglycemia increases AGEs, damaging 

neurons critical for cognition. MRI findings such as hippocampal atrophy, white matter hyperintensities, 
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and microvascular changes support these effects.23 The accumulation of advanced glycation end-

products (AGEs), toxic lipid by-products, and proteins from these processes leads to endothelial 

damage, increased production of reactive oxygen species (ROS), and reduced production of vasodilatory 

substances. Endothelial damage also triggers the release of inflammatory mediators such as interleukin-

6 (IL-6) and tumor necrosis factor-α (TNF-α).24 

 

 

Figure 2. Patophysiology of cognitive impairment in DM type 2 24 

The development of cognitive impairment in patients with type 2 diabetes mellitus results from a 

complex interplay of various factors, including those affecting brain structure and cognitive function as 

described in the previous section. Structural changes in the brains of patients with type 2 diabetes 

mellitus may include a decrease in hippocampal volume, reduced gray matter in the medial temporal 

area, anterior cingulate, and medial parts of the frontal lobe, and/or reduced white matter in the frontal 

and temporal regions. 

Microstructural changes in the brain’s white matter in type 2 diabetes mellitus can disrupt 

connectivity between different brain regions, thereby impairing cognitive functions. These changes may 

include lacunar infarcts, white matter hyperintensities, and cerebral microbleeds, collectively referred 

to as small vessel disease. 24 
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High-Sensitivity C-Reactive Protein (hs-CRP)  

C-Reactive Protein (CRP) is a blood protein that binds to C-polysaccharide and forms a 120 kDa 

pentamer. Normally low, CRP levels rise 100–200 fold during systemic inflammation with endothelial 

damage.25 Inflammatory processes contribute significantly to cognitive dysfunction in diabetes, 

potentially driven by insulin resistance-related cellular inflammation.26 Ultrasensitive ELISA methods 

have enabled hs-CRP measurements. Though CRP and hs-CRP are the same molecule, hs-CRP has 

greater analytical sensitivity, allowing it to detect low-grade chronic inflammation.27 According to CDC 

guidelines, hs-CRP >3 mg/L indicates high vascular disease risk.25 Elevated hs-CRP has been observed 

in acute ischemic stroke, epilepsy, hypertension, chronic kidney disease, cancer, and obesity.28 

CRP is a mild inflammation marker linked to T2DM complications. It activates immune cascades 

and neurodegeneration through complement system activation. In T2DM, intracellular hyperglycemia 

damages mitochondria and increases oxidative stress via ROS, leading to macro- and microvascular 

damage. Pro-inflammatory gene expression and cytokines cause hepatic CRP synthesis.29,30 

Decreasing hs-CRP levels has proven effective in controlling diabetic complications, and hs-

CRP can detect prediabetes.31 High hs-CRP correlates with reduced cerebral vasoreactivity and 

vasodilation, impairing executive and cognitive functions. In elderly with T2DM patients, high hs-CRP 

levels associate with MCI and elevated HbA1c.24 Even in diabetes patients without MCI, rising hs-CRP 

may be a signal of early MCI development. Studies confirm a significant relationship between hs-CRP 

and MCI, particularly in attention and executive function domains.30 

 

 

CONCLUSION 

The rising life expectancy in Indonesia results in an increased elderly population, prone to geriatric 

syndromes due to cellular, tissue, and organ aging. Cognitive impairment is a common manifestation, 

exacerbated by chronic conditions such as T2DM through low-grade systemic inflammation. High-

sensitivity C-reactive protein (hs-CRP) serves as a potential biomarker for early identification of 

cognitive impairment. Studies support its association with cognitive impairment and suggest its use as 

a screening tool, together with neurocognitive assessments like MoCA and MMSE. 

  

Conflicts of Interest 

There was no conflict of interest. 

Funding Sources 



UMI Medical Journal  

Volume 10 Issue 2 (December, 2025): 134-146 p-ISSN: 2548-4079/e-ISSN: 2685-7561 

 

 

Publisher: Faculty of Medicine Universitas Muslim Indonesia 

 

 

    145 

 

 - 

Aknowledgments 

 - 

 

REFERENCES 

 

1. Badan Pusat Statistik. Angka harapan hidup menurut provinsi dan jenis kelamin (tahun) [Internet]. Jakarta; 

2025 [cited 2025 Jul 9]. Available from: https://www.bps.go.id/id/statistics-table/2/NTAxIzI=/angka-

harapan-hidup-ahh-menurut-provinsi-dan-jenis-kelamin.html 

2. Pangribowo S, Habibi H, Widiantini W, Hardhana B. Infodatin : Lansia berdaya, bangsa sejahtera. Jakarta: 

Pusat Data dan Teknologi Informasi Kementerian Kesehatan RI; 2022.  

3. World Health Organization. Integrated care for older people: guidelines on community-level interventions 

to manage declines in intrinsic capacity. Geneva; 2017.  

4. Araki A, Ito H. Diabetes mellitus and geriatric syndromes. Geriatr Gerontol Int [Internet]. 2009 Jun 

15;9(2):105–14. Available from: https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0594.2008.00495.x 

5. Cai Y, Song W, Li J, Jing Y, Liang C, Zhang L, et al. The landscape of aging. Sci China Life Sci [Internet]. 

2022 Dec 2;65(12):2354–454. Available from: https://link.springer.com/10.1007/s11427-022-2161-3 

6. Carmona JJ, Michan S. Biology of Healthy Aging and Longevity. Rev Invest Clin. 2016;68(1):7–16.  

7. Tiara A, Harris S, Wuratman W. Buku ajar neurologi edisi kedua. Jakarta: Departemen Neurologi FKUI; 

2022.  

8. Tangalos EG, Petersen RC. Mild Cognitive Impairment in Geriatrics. Clin Geriatr Med [Internet]. 2018 

Nov;34(4):563–89. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0749069018309984 

9. Mattson MP, Arumugam T V. Hallmarks of Brain Aging: Adaptive and Pathological Modification by 

Metabolic States. Cell Metab [Internet]. 2018 Jun;27(6):1176–99. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1550413118303188 

10. Cotto B, Natarajaseenivasan K, Langford D. Astrocyte activation and altered metabolism in normal aging, 

age-related CNS diseases, and HAND. J Neurovirol [Internet]. 2019 Oct 22;25(5):722–33. Available from: 

http://link.springer.com/10.1007/s13365-019-00721-6 

11. Jongsiriyanyong S, Limpawattana P. Mild Cognitive Impairment in Clinical Practice: A Review Article. Am 

J Alzheimer’s Dis Other Dementias® [Internet]. 2018 Dec 1;33(8):500–7. Available from: 

https://journals.sagepub.com/doi/10.1177/1533317518791401 

12. Harada CN, Natelson Love MC, Triebel KL. Normal Cognitive Aging. Clin Geriatr Med [Internet]. 2013 

Nov;29(4):737–52. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0749069013000591 

13. Kim JS, Chun BC, Lee K. Association between elevated glycosylated hemoglobin and cognitive impairment 

in older Korean adults: 2009–2010 Ansan cohort of the Korean genome and epidemiology study. Front 

Public Heal [Internet]. 2024 Nov 11;12. Available from: 

https://www.frontiersin.org/articles/10.3389/fpubh.2024.1417236/full 

14. Rambe AS, Fitri FI. Correlation between the Montreal Cognitive Assessment-Indonesian Version (Moca-

INA) and the Mini-Mental State Examination (MMSE) in Elderly. Open Access Maced J Med Sci [Internet]. 

2017 Nov 25;5(7):915–9. Available from: 

https://oamjms.eu/index.php/mjms/article/view/oamjms.2017.202 

15. Nurfadia MF, Harahap HS, Rizki M, Sahidu MG, Hunaifi I. Korelasi Skor Mini Mental State Examination 

(Mmse) Dan Montreal Cognitive Assessment Versi Indonesia (Moca-Ina) Sebagai Instrumen Evaluasi 

Fungsi Kognitif. J Kedokt. 2021;10(1):371–8.  

16. Lee ATC, Richards M, Chan WC, Chiu HFK, Lee RSY, Lam LCW. Higher dementia incidence in older 

adults with type 2 diabetes and large reduction in HbA1c. Age Ageing [Internet]. 2019 Nov 1;48(6):838–44. 

Available from: https://academic.oup.com/ageing/article/48/6/838/5579859 

17. Souza JG, Farias-Itao DS, Aliberti MJR, Alexandre TS, Szlejf C, Ferri CP, et al. Diabetes, hemoglobin A1c, 

and cognitive performance in older adults: is there any impact of frailty? Evidence from the ELSI-Brazil 



UMI Medical Journal  

Volume 10 Issue 2 (December, 2025): 134-146 p-ISSN: 2548-4079/e-ISSN: 2685-7561 

 

 

Publisher: Faculty of Medicine Universitas Muslim Indonesia 

 

 

    146 

 

study. Brazilian J Med Biol Res [Internet]. 2024;57. Available from: 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2024000100612&tlng=en 

18. Wium-Andersen IK, Rungby J, Jørgensen MB, Sandbæk A, Osler M, Wium-Andersen MK. Risk of dementia 

and cognitive dysfunction in individuals with diabetes or elevated blood glucose. Epidemiol Psychiatr Sci 

[Internet]. 2020 Aug 28;29:e43. Available from: 

https://www.cambridge.org/core/product/identifier/S2045796019000374/type/journal_article 

19. Underwood PC, Zhang L, Mohr DC, Prentice JC, Nelson RE, Budson AE, et al. Glycated Hemoglobin A 1c 

Time in Range and Dementia in Older Adults With Diabetes. JAMA Netw Open [Internet]. 2024 Aug 

2;7(8):e2425354. Available from: https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2821878 

20. Van Dyken P, Lacoste B. Impact of Metabolic Syndrome on Neuroinflammation and the Blood–Brain 

Barrier. Front Neurosci [Internet]. 2018 Dec 11;12. Available from: 

https://www.frontiersin.org/article/10.3389/fnins.2018.00930/full 

21. Karvani M, Simos P, Stavrakaki S, Kapoukranidou D. Neurocognitive impairment in type 2 diabetes 

mellitus. Hormones [Internet]. 2019 Dec 14;18(4):523–34. Available from: 

http://link.springer.com/10.1007/s42000-019-00128-2 

22. Bandyopadhyay S. Role of Neuron and Glia in Alzheimer’s Disease and Associated Vascular Dysfunction. 

Front Aging Neurosci [Internet]. 2021 Jun 15;13. Available from: 

https://www.frontiersin.org/articles/10.3389/fnagi.2021.653334/full 

23. Maan Hb, Meo Sa, Rouq Fa, Meo Imu. Impact of Glycated Hemoglobin (HbA1c) on cognitive functions in 

Type 2 diabetic patients. Eur Rev Med Pharmacol Sci. 2021;25(19):5978–85.  

24. Kopytek M, Ząbczyk M, Mazur P, Undas A, Natorska J. Accumulation of advanced glycation end products 

(AGEs) is associated with the severity of aortic stenosis in patients with concomitant type 2 diabetes. 

Cardiovasc Diabetol [Internet]. 2020 Dec 17;19(1):92. Available from: 

https://cardiab.biomedcentral.com/articles/10.1186/s12933-020-01068-7 

25. Dwipayana P, Saraswati I, Suastika K. Perbandingan Kadar C-Reactive Protein Pada Penderita Diabetes 

Melitus Tipe 2 Yang Diterapi Dengan Insulin dan Obat Hipoglikemik Oral di Poliklinik Penyakit Dalam 

Rumah Sakit Umum Pusat Sanglah Denpasar Bali. J Penyakit Dalam Udayana [Internet]. 2017 Aug 

30;1(2):45–51. Available from: http://jpdunud.org/index.php/JPD/article/view/21 

26. Liao X, Zhang Y, Xu J, Yin J, Li S, Dong K, et al. A Narrative Review on Cognitive Impairment in Type 2 

Diabetes: Global Trends and Diagnostic Approaches. Biomedicines [Internet]. 2025 Feb 14;13(2):473. 

Available from: https://www.mdpi.com/2227-9059/13/2/473 

27. Moutachakkir M, Lamrani Hanchi A, Baraou A, Boukhira A, Chellak S. Immunoanalytical characteristics 

of C-reactive protein and high sensitivity C-reactive protein. Ann Biol Clin (Paris) [Internet]. 2017 

Mar;75(2):225–9. Available from: http://www.john-libbey-

eurotext.fr/medline.md?doi=10.1684/abc.2017.1232 

28. Muhammad FI, Berhimpon SLE, Rambert GI. Gambaran Kadar C-Reactive Protein pada Penyakit Tidak 

Menular di Indonesia. Med Scope J. 2022;4(1):48–59.  

29. Wang Y, Fu J, Liang F, Oniffrey TM, Ding K, Zeng J, et al. High-Sensitivity C-Reactive Protein, Its Change, 

and Cognitive Function: A National Population-Based Cohort Study. Brain Sci [Internet]. 2023 Apr 

13;13(4):658. Available from: https://www.mdpi.com/2076-3425/13/4/658 

30. Gorska-Ciebiada M, Ciebiada M. Association of hs-CRP and vitamin D levels with mild cognitive 

impairment in elderly type 2 diabetic patients. Exp Gerontol [Internet]. 2020 Jul;135:110926. Available 

from: https://linkinghub.elsevier.com/retrieve/pii/S0531556519308198 

31. Banait T, Wanjari A, Danade V, Banait S, Jain J. Role of High-Sensitivity C-reactive Protein (Hs-CRP) in 

Non-communicable Diseases: A Review. Cureus [Internet]. 2022 Oct 12; Available from: 

https://www.cureus.com/articles/111933-role-of-high-sensitivity-c-reactive-protein-hs-crp-in-non-

communicable-diseases-a-review. DOI: 10.7759/cureus.30225. 

 

 

 

 

https://linkinghub.elsevier.com/retrieve/pii/S0531556519308198
https://doi.org/10.7759/cureus.30225

