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ขาวชนิดนิวโตรฟลตอเม็ดเลือดขาวชนิดลิมโฟไซต ซึ่งเปนตัวชี้วัดของภาวะการอักเสบในกระแสเลือดถูก

นํามาใชเปนตัวพยากรณของโรคมะเร็งและโรคหลอดเลือดหัวใจ แตอยางไรก็ตามความสัมพันธระหวาง

ตัวชี้วัดชนิดนี้กับภาวะความจําเสื่อมชนิดต่ํา ๆ ในผูปวยโรคเบาหวาน ยังไมเปนที่ทราบแนชัด 

วิธีการทดลอง: อาสาสมัครที่สุขภาพดี จํานวน 30 ราย และผูปวยโรคเบาหวานชนิดที่ 2 จํานวน 215 ราย 

ที่มีอายุระหวาง 45-65 ป จากโรงพยาบาลสารภี อําเภอสารภี และโรงพยาบาลมหาราชนครเชียงใหม 

อําเภอเมือง จังหวัดเชียงใหม จะถูกรวบรวมเพ่ือเขารวมการวิจัย โดยขอมูลทั่วไป ไดแก อายุ, ระดับ

การศึกษา, ประวัติโรคตาง ๆ, ยาที่ใชอยูในปจจุบัน และ ขอมูลทางรางกาย ตาง ๆ ไดแก นํ้าหนัก, 

สวนสูง, รอบเอวและรอบสะโพก, ความดันโลหิตและอัตราการเตนของหัวใจ จะถูกเก็บขอมูล นอกจากน้ี

อาสาสมัครจะไดรับการเจาะเลือดเพ่ือวัดระดับ metabolic profile ตาง ๆ เชน Fasting plasma insulin, 

fasting plasma glucose, HbA1C, lipid profiles (total cholesterol, triglyceride, HDL, LDL), serum 

soluble CD99 (sCD99), ไลโปโพลิแซคคาไรดในเลือด และตรวจความสมบูรณของเลือด (complete 

blood count)  คาอัตราสวนระหวางเม็ดเลือดขาวชนิดนิวโตรฟลตอเม็ดเลือดขาวชนิดลิมโฟไซต คํานวณ
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ไดจากผลเลือด นอกจากน้ี อาสาสมัครทุกรายจะถูกทําการทดสอบ  Montreal Cognitive Assessment 

(MoCA) test เพ่ือประเมินภาวะความจําเสื่อมชนิดต่ํา ๆ 

ผลการทดลอง: จากผลการทดลองพบวา อุบัติการณการเกิดภาวะความจําเส่ือมชนิดต่ํา ๆ (คะแนน 

MoCA ต่ํากวา 26) ในผูปวยโรคเบาหวาน สูงถึง 93%  นอกจากน้ียังพบวา อายุ, ดัชนีมวลกาย, ระดับ

นํ้าตาลในเลือดขณะอดอาหาร และ อัตราสวนระหวางเม็ดเลือดขาวชนิดนิวโตรฟลตอเม็ดเลือดขาวชนิด

ลิมโฟไซต มีความสัมพันธอยางมีนัยสําคัญตอคะแนน MoCA ในผูปวยกลุมน้ี อยางไรก็ตามมีเพียง ดัชนี

มวลกายและอัตราสวนระหวางเม็ดเลือดขาวชนิดนิวโตรฟลตอเม็ดเลือดขาวชนิดลิมโฟไซตที่เปนปจจัย

อิสระมีความสัมพันธอยางมีนัยสําคัญตอคะแนน MoCA score 

สรุปผลการทดลอง: ภาวะความจําเสื่อมชนิดต่ํา ๆ พบไดทั่วไปในผูปวยโรคเบาหวานชนิดที่ 2 ทั้งนี้ 

อัตราสวนระหวางเม็ดเลือดขาวชนิดนิวโตรฟลตอเม็ดเลือดขาวชนิดลิมโฟไซต อาจจะใชทํานาย

ประสิทธิภาพของความสามารถในการจําที่แยลงในผูปวยกลุมนี้  

คําหลัก: : ภาวะความจําเสื่อมแบบต่ํา ๆ; โรคเบาหวานชนิดที่ 2; อัตราสวนของนิวโตรฟลตอลิมโฟไซต; 

โรคอวน 
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Abstract: 

 

Background: Type 2 diabetes mellitus (T2DM) has been known to be associated with cognitive 

impairment particularly in the mild cognitive impairment (MCI).  However, a prognostic biomarker 

for the MCI condition in these patients has not been investigated.  Recently, the neutrophil-

lymphocyte ratio (NLR), an indicator of systemic inflammation, has been used as a predicted 

biomarker for the development of several types of cancers and cardiovascular diseases.  

Nevertheless, its association with the MCI condition in T2DM patients has not known.   

Aim of the study: The present study aimed to investigate the correlation between NLR and 

cognitive function in these patients. 

Methods: A thirty control subjects and a total of 215 T2DM patients were enrolled in the present 

study.  Demographic data including age, level of education, history of sickness and medication, 

physical examination (body weight, height, waist and hip circumference, blood pressure and heart 

rate) were collected. In addition, metabolic parameters including fasting plasma insulin, fasting 

plasma glucose, HbA1C, plasma lipid profiles (total cholesterol, triglyceride, HDL, LDL), serum 

soluble CD99 (sCD99), serum lipopolysaccharide, and the complete blood count were 

determined.  NLR level was calculated by the ratio of neutrophils to lymphocytes derived from 
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blood measurement.  Moreover, all individuals were performed the Montreal Cognitive 

Assessment (MoCA) test to determine the MCI condition.   

Results: From the results, a 93% prevalence of MCI, (MoCA score of less than 26), was found 

diabetic patients.  A significant correlation between age, body mass index, fasting plasma glucose, 

and NLR and the individual MoCA score was shown in these patients.  However, BMI NLR were 

the strongest independent factor significantly correlated with MoCA score.  

Conclusion:  MCI is common in T2DM patients. Obesity and NLR levels may predict poorer 

cognitive performance outcomes in these patients. 

Keywords: mild cognitive impairment; type 2 diabetes mellitus; neutrophil-lymphocyte ratio; 

obesity. 
                  

 

 

 



 

 

เน้ือหางานวิจัย (Executive summary) 

 

บทนํา (Introduction) 

 
Type 2 Diabetes mellitus (T2DM) has been characterized by hyperglycemia in association 

with insulin resistant condition [2].  The etiology of T2DM could be from both environmental factors 

and genetic factors [3].  Individual will be diagnosed as T2DM condition when their plasma 

glucose level reached at the diagnostic criteria, according to recent study (1).  The diabetic 

complications can be categorized into 2 groups including microvascular complications (e.g., 

nephropathy, retinopathy and neuropathy) and macrovascular complications (e.g., peripheral 

vascular disease, cerebrovascular disease and cardiovascular disease) (2).  However, good 

control in plasma glucose levels has been demonstrated to delay those complications (3, 4).   

In addition, several studies have revealed the development of cognitive impairment in 

T2DM patients (5-9).  Recent clinical studies revealed that the high glucose level from both 

diabetic and non-diabetic subjects such as is correlated with the risk for cognitive impairment or 

dementia (10, 11).  Furthermore, various complications under diabetes of vascular disturbances 

such as a damage in nervous structure; blood brain barrier and metabolic disorders including 

insulin resistance, glucose toxicity and the formation of advanced glucose end-products (AGEs) 

could be responsible for the development of brain dysfunction.  Those findings suggested T2DM 

could further contribute to the development of cognitive impairment. 

Mild cognitive impairment or MCI has been described as a state of cognitive impairment 

in which the degeneration in cognitive function is more than normal level [21].  Patients with MCI 

has been characterized by the cognitive impairment, but the severity of cognitive decline was not 
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sufficient to develop dementia [22, 23].   The clinical feature of MCI is a high risk to the 

development of Alzheimer’s disease (AD) [24, 25].  Moreover, previous studies have 

demonstrated the positive correlation of diabetes mellitus and MCI (12-14).  Several factors in 

T2DM patients, including the duration of diabetes, use of glucose-lowering drugs, degree of 

glycemic control can be the predictors for MCI in those patients (15).  Although several factors in 

T2DM have been reported to be associated with the cognitive decline, the prognostic markers for 

the early detection of MCI in T2DM patients have not yet been demonstrated. 

Systemic inflammation has been known to be responsible for the pathological conditions 

including cancer, heart diseases and cognitive decline (16-20).  In the systemic inflammatory 

condition, white blood cells (WBC), particularly neutrophil and lymphocyte,, play an important role 

by releasing several pro-inflammatory cytokines and chemokines (21-24).  Several studies 

demonstrated that the neutrophil to lymphocyte ratio (NLR) can be a prognostic marker for several 

inflammatory conditions (25-27).  Recently, NLR has been used to be a predicted biomarker in 

several pathological conditions including cancers, cardiovascular diseases (16-18).  The NLR 

parameter has been widely used in the detection of those diseases, since it was a non-invasive, 

inexpensive and applicable methods to use to detect systemic inflammation.  In the brain, 

neuronal inflammation is also associated with the pathophysiology of neurodegenerative 

diseases, particularly AD (24, 28-32).  Inflammation is related with brain oxidative stress resulting 

in neuronal cell deaths, which can further develop the cognitive impairment (32-34).  Those 

findings suggest that NLR would be a prognostic marker in the memory dysfunction. However, 

the correlation between NLR and the cognitive impairment in patients with T2DM has not been 

examined. Therefore, the present study will investigate the correlation of NLR and the cognitive 

function in T2DM patients. 
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Despite of NLR ratio, lipopolysaccharide (LPS), an endotoxin which was commonly found 

in the outer cell wall of gram-negative bacteria, has been widely used to induce inflammatory 

models (35-37).  The LPS-stimulation could induce the inflammation through the releasing of pro-

inflammatory cytokines and also activate the nuclear factor-kappa B (NF-κB) mediated the 

mitogen-activated protein kinases (MAPKs) resulting in the regulation of cyclooxygenase-2 

(COX2) and inducible nitric oxide synthases (iNOS) expressions which be responsible for 

inflammatory response (38-41).  According to its important role in the systemic inflammation as 

well as the relationship of inflammation in cognitive impairment, the determination of LPS level in 

the circulation would be an important marker for early detection for cognitive impairment. 

However, this correlation has not yet been determined. 

Type 2 Diabetes mellitus (T2DM)  

Type 2 Diabetes mellitus (T2DM) has commonly known as the pathological condition 

characterize by high level of glucose the blood stream (hyperglycemia) and insufficient insulin 

level in accompanied with insulin resistance condition (42).  T2DM has been known to be linked 

with both environmental factors such as obesity, sedentary lifestyle and physical inactivity as well 

as genetic factor (43).  Summarized the association of risk factors and their underlying 

mechanisms in T2DM has demonstrated in figure 1.   
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Figure 1. Summarized the pathogenesis of the T2DM (43). FFA: Free fatty acid; NF-κB: Nuclear 

factor-κB; TNF-α: Tumor necrosis factor α. 

 
Patients are diagnosed as T2DM status when plasma glucose levels has reached at the 

diagnostic criteria in table 1 (1).  Many of these T2DM individuals are at high risk for microvascular 

complications (e.g., nephropathy, retinopathy and neuropathy) and macrovascular complications 

(e.g., peripheral vascular disease, cerebrovascular disease and cardiovascular disease) (2).  

T2DM patients with good controlled plasma glucose levels demonstrated to delay the progression 

of microvascular and macrovascular complications (3, 4). 
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Table 1. Biochemical criteria for the diagnosis of diabetes, impaired glucose tolerance and 

impaired fasting glucose (1).  

 

The association of T2DM and cognitive impairment  

 Several studies have strongly shown that T2DM can be a risk factor for cognitive 

impairment and dementia (5, 6).  Recent cross-sectional studies have demonstrated the lower 

cognitive performance in T2DM patients, compared with controls (7).  In addition, the longitudinal 

studies have also indicated the acceleration of cognitive decline in T2DM individuals (8, 9).  

Biochemical parameters particularly in higher glucose level from T2DM and even non-T2DM 

subjects have been reported to be a risk factor for cognitive impairment or dementia (10, 11).  

Furthermore, various complications of metabolic and vascular disturbances such as disturbances 

of brain structures such as blood brain barrier, cerebral insulin signaling, insulin resistance, 

glucose toxicity and the formation of Advanced Glucose End-products (AGEs) have been 

implicated in the pathophysiology of cognitive impairment as shown in figure 2 (44, 45).  
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Figure 2. Potential causes of cognitive impairment in T2DM (45). 

 

In addition, recent studies have been shown diabetes mellitus increased a risk factor of 

MCI (12-14).  Previous study showed that the duration of diabetes, use of glucose-lowering 

medications, degree of glucose control should be the predictor of MCI (15).  Although several 

factors in T2DM have been reported to associate with the cognitive decline, the relationship of 

these risk factors on the occurrence MCI has rarely been demonstrated.  In addition, the 

prognostic markers for the early detection of MCI has not been investigated. 

 

Mild cognitive impairment (MCI) 

Mild Cognitive Impairment or MCI has been described as a state of cognitive dysfunction.  

This condition has been degenerated in cognition more than normal level (46) .  The European 

Consortium on Alzheimer’s disease defines the definition of MCI that showed in table 2. 
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Table 2. Definition of mild cognitive impairment (46). 

 

 

 

 

 

 

 

 
MCI has been referred to the individuals with some cognitive impairment but the degree 

was insufficient to progress dementia (47, 48).  Moreover, the individuals who have the MCI 

condition showed the increasing risk for developing the Alzheimer’s disease (AD) (49, 50).   

Most of previous clinical study of MCI reported that the 40-80% of individuals who met 

the criteria of MCI tends to develop the dementia or Alzheimer’s disease, this finding was collected 

during a 5-years follow-up (51-53).  Previous study reported that individuals with MCI also have 

vascular risk factors (54).  Some patient has shown the occurrence of cerebral infarction or stroke 

which impact on the cognitive function (55, 56).  Some study used a term of vascular cognitive 

impairment rather than MCI which indicated a high prevalence of vascular damage to the brain 

during cognitive decline (57). 

In addition, recent studies have been shown diabetes mellitus increased a risk factor of 

MCI (12-14).  Previous study showed that the duration of diabetes, use of glucose-lowering 

medications, degree of glucose control should be the predictor of MCI (15).  Although several 

factors in T2DM have been reported to associate with the cognitive decline, the relationship of 
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these risk factors on the occurrence MCI has rarely been demonstrated.  In addition, the 

prognostic markers for the early detection of MCI has not been investigated. 

 

Possible mechanisms regarding the mild cognitive impairment 

Several studies demonstrated the possible mechanisms involving the occurrence of mild 

cognitive impairment.  In non-diabetic patients with amnestic mild cognitive impairment, they have 

been found the significant correlation of plasma insulin level in and the plasma amyloid-β level 

(58).  The alteration of hippocampal precursor of nerve growth factor (pro-NGF)/NGF pathway 

which can contribute to amyloid-β accumulation has also been reported in MCI condition (59).  

Furthermore, some possible mechanisms such as loss of synapses in association with the 

neuronal apoptosis were found in MCI patients which could progress to Alzheimer’s disease (60).  

The elevated pro-apoptotic protein expression of p53 caused by the oxidative modifications 

through lipid peroxidation was found in brain samples of MCI individuals (61, 62).  In addition, 

recent study reported the role of oxidative-stress mediated mitochondrial dysfunction through 

activating extracellular signaling pathway in MCI condition (63).  These findings indicated the 

occurrence of MCI condition through mitochondrial dysfunction, neuronal apoptosis, oxidative 

stress and the AD-like changes. 

MCI patients also found the changes in orthostatic blood pressure behavior by 

demonstrating the systolic BP deficit and orthostatic intolerance [69, 70].  The Parkinson’s disease 

(PD) patients who have MCI condition were found the abnormality in the brain by the occurrence 

of gray matter atrophy in several brain regions [71].  Moreover, several molecular mechanisms 

including brain apoptosis, oxidative stress condition were also reported during the MCI condition.  
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In addition, recent study showed the induction of mild cognitive impairment through 

advanced glycation end products (AGEs) pathway (64, 65).  The patient who have MCI 

demonstrated a decreased soluble receptor for AGE (sRAGE) level as well as increased serum 

AGE-peptide (AGE-P) level.  Diabetic patients also showed the association of C-reactive protein 

(CRP) and AGEs level with metabolic parameters particularly in glycosylated hemoglobin (HbA1C) 

as well as negatively correlated with the Montreal Cognitive Assessment (MoCA) score which 

used to evaluate cognitive function (65).  Moreover, several cytokines such as leptin and 

adiponectin were altered in the elderly diabetic patients whereas the inflammatory condition 

indicated by an increased interleukin-1 (IL-1) level was observed in these patients (66).  Recently, 

an insulin signaling pathway has been also reported to play an important role in the pathogenesis 

of cognitive impairment caused by type 2 diabetes mellitus (T2DM) (67).  They showed that the 

serum insulin-like growth factor (IGF)-1 to IGF binding protein (IGFBP)-3 molar ratio in MCI 

patients was significantly decreased and a significant negative correlation of this IGF-1/IGFBP-3 

molar ratio and the Trail Making Test A and B (TMT-A and TMT-B) scores which indicated the 

executive function was found.  These findings suggested the association of impaired insulin 

signaling pathway with the pathogenesis of MCI in T2DM populations.  Furthermore, T2DM elderly 

patients who have MCI showed the inflammatory status by the increased of CRP, interleukin-1 

(IL-1), interleukin-6 (IL-6) and tumor necrosis factor (TNF-α) compared to controls (66, 68) 

suggesting the induction of MCI through systemic inflammation. 

 

Neutrophil to Lymphocyte ratio (NLR) as a novel prognostic marker for MCI 

It has been known that systemic inflammation is responsible in several pathological 

conditions such as cancer, cognitive dysfunction and heart diseases (16-20).  Systemic 
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inflammation could indicate by the alteration of biochemical markers.  Under the pathological 

condition, white blood cells (WBC) including neutrophil and lymphocyte released several pro-

inflammatory cytokines and chemokine (21-24).  Since both neutrophil and lymphocyte are 

responsible for the inflammation occurring in the pathological condition, the neutrophil to 

lymphocyte ratio (NLR) can be a prognostic marker for these conditions (25-27).  NLR has been 

used to be a predicted biomarker in several pathological conditions such as cancer, 

cardiovascular disease (16-18).  NLR are widely used in the detection of these diseases since it 

was a novel method, non-invasive, inexpensive and easily applicable marker of inflammation. 

In the brain, inflammation is also related to the pathophysiology of neurodegeneration, 

particularly in AD (24, 28-32).  Inflammation can cause oxidative stress in brain leading to the 

neuronal cell deaths which can develop the memory impairment (32-34).  These findings indicated 

that NLR would be a prognostic marker in the memory dysfunction although little known about 

this parameter and the development of cognitive decline has been reported.  Recently, previous 

study firstly reported the evaluation of NLR in the AD (26).  This study showed the NLR was 

significantly higher in AD patients than healthy controls.  In addition, they found that the increasing 

of NLR was an independent variable for predicting AD suggesting that it could be a diagnostic 

marker in AD or cognitive dysfunction.  However, this is a first study reporting the role of NLR in 

the diagnosis of memory dysfunction.  Moreover, there are several limitations in this study such 

as each parameter measuring in this study were detected once, the relationship of NLR and 

comorbid conditions may have been confounded by some factor.  The further studies are needed 

to support the benefit of this parameter in the detection of cognition function. 
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Lipopolysaccharide (LPS); a link in the T2DM 

Lipopolysaccharide (LPS), an endotoxin which has been found in the outer cell wall from 

gram-negative bacteria that causes metabolic endotoxemia, has been widely used to induce 

inflammatory models (35-37).  The LPS-stimulation can Kupffer cells can release pro-

inflammatory cytokines and also regulate the cyclooxygenase-2 (COX2) and inducible nitric oxide 

synthases (iNOS) expressions through the activation of nuclear factor-kappa B (NF-κB) mediated 

the mitogen-activated protein kinases (MAPKs) (38-40).  Consequently, COX-2 and iNOS 

expression have been known to responsible for inflammatory response (41).  

The effect of diet on the dynamic modulation of microorganisms in the gut has been 

shown.  Recently, several studies revealed an increasing in LPS levels has been found in leptin-

deficient mice fed with a normal diet (69) as well as in subjects who increased their fat intake 

(70).  They suggested that a change in either gut permeability or the proportion of gram-negative 

bacteria in gut were associated with an increased LPS in serum (69, 71) and this increase was 

associated with the degree of insulin resistance.  In addition, recent studies also reported that 

prebiotics in obese mice modulated the intestinal microbiota on the intestinal barrier and 

decreased the high-fat diet-induced LPS endotoxemia and systemic inflammation (72, 73).  All of 

these findings emphasized the role of microbiota particularly in LPS under the obese and even 

insulin resistance condition (Figure 3).  In addition, since T2DM has been related with the 

development of cognitive impairment, the determination of LPS level in the circulation would be 

an important marker for the detection of MCI.  However, this correlation has not yet been 

investigated. 
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Figure 3. Roles of microbiota in the obesity and insulin resistance conditions (74). 

 
Objectives 

Aim 1: To determine whether the peripheral marker; NLR will be related with the occurrence of 

MCI in patients with T2DM. 

Aim 2: To determine whether the peripheral marker; LPS will be related with the occurrence of 

MCI in patients with T2DM. 

 

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=4010744_fmicb-05-00190-g002.jpg


 

 

วิธีการทดลอง (Methods) 

 
A cross-sectional study was used in this study for determination the risk factors 

associated with mild cognitive impairment among patients with T2DM. 

 

Population 

The subjects who have healthy (n = 30) and T2DM (n = 215) were conducted both from 

Maharaj hospital, Sriphum district and Saraphi hospital, Saraphi district, Chiang Mai, Thailand.  A 

total number of 245 subjects in both genders who have age 45-65 years were conducted in this 

study. 

  

Instrument 

In the present study, we used the Mini-Mental State Examination (MMSE) test in Thai 

version.  MMSE is a widely used screening tool for the identification of dementia (75). The MMSE 

begins with a graded assessment of orientation to place and time, for which a maximum of 10 

points is possible.  This is followed by testing two aspects of memory.  A first is the immediate 

recall for three objects presented orally, followed by a serial sevens task which is interposed to 

assess attention, concentration, and calculation, and also to prevent the individual from rehearsing 

the three objects previously learned.  A maximum of 11 points may be obtained in this section of 

the test.  The final section surveys aphasia by testing functions of naming, repetition, 

understanding a three-stage command, reading, writing and copying a drawing.  There is a 

maximum of 9 points which may be obtained on this section, for a total possible MMSE score of 

30 points.  Table 3 showed the score criteria for MMSE depending on the levels of education. 
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Table 3. MMSE criteria  

Levels of education MMSE Score (points) 

Cut-off total 

No educated or illiterate < 14 23 

Elementary school educated < 17 30 

Higher than elementary school educated < 22 30 

 

However, previous studies have been shown that the MMSE has very poor sensitivity for 

individuals with MCI (75, 76).  Therefore, the Montreal Cognitive Assessment (MoCA) test in Thai 

version for determine cognitive impairment was used in the present study.  MoCA was designed 

as a rapid screening instrument for mild cognitive dysfunction.  It assesses different cognitive 

domains: attention and concentration, executive functions, memory, language, visuoconstructional 

skills, conceptual thinking, calculations, and orientation. Time to administer the MoCA is 

approximately 10 minutes.  The total possible score is 30 points; a score of 26 or above is 

considered normal. 

Moreover, recent study has been shown that, the subject who has depression can cause 

cognitive impairment (14). Thus, the subjects who have depressive symptom were excluded from 

this study by using The Patient Health Questionnaire 9-item (PHQ-9), the depression test 

questionnaire.  PHQ-9 is a self-reported that evaluated the depressive symptoms during the prior 

2 weeks.  Each item on the measure is rated on a 4-point scale (0=not at all; 1= several days; 

2=more than half the days; and 3=nearly every day). The total score can range from 0 to 27, with 

higher scores indicating greater severity of depression as shown in table 4. 
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Table 4. PHQ-9 score criteria   

Levels of depressive symptoms severity PHQ-9 Score (points) 

None  0-4 

Mild depression  5-9 

Moderate depression  10-14 

Moderately severe depression 15-19 

Severe depression 20-27 

 
Moreover, the summarized experimental protocol for this study is shown in figure 4. 

 
Figure 4. Summarized experimental protocols 
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Ethics 

The Ethical approval was conducted from the Faculty of Medicine Ethics Committee, 

Chiang Mai University, Thailand. 

Blood Biochemistry 

After overnight fasting, blood samples were taken by venipuncture to assess serum levels 

of, fasting glucose, white blood cell, total cholesterol, triglycerides, LDL-C, HDL-C, HbA1C.  All 

the parameters were measured in a centralized laboratory. 

Determination of plasma insulin levels 

Plasma insulin levels were determined by using Sandwich ELISA (LINCO Research, MO, 

USA). 

Determination of insulin resistance (HOMA index) 

Insulin resistance was assessed by Homeostasis Model Assessment (HOMA) which is 

calculated from fasting plasma insulin and fasting plasma glucose concentration.  Higher HOMA 

index showed a higher degree of insulin resistance.  The HOMA index was determined by the 

following equation: 

[fasting plasma insulin (µU/ml)] x [fasting plasma glucose (mmol/l)] 

22.5 

Determination of plasma LPS 

Plasma LPS concentration was measured by a commercially available kit (Sigma Aldrich, 

Gillingham, UK) (14).   
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Determination of neutrophil-lymphocyte ratio (NLR) 

The NLR was calculated from the differential count by dividing the absolute neutrophil 

count by the absolute lymphocyte count from WBC. 

 

Determination of sCD99 ratio 

Antibodies 

Anti-CD99 mAb clone MT99/1 (isotype IgM) and MT99/3 (isotype IgG2a) were generated 

in our laboratory.  Isotype-matched control mAb 1 3M (anti-phage protein; IgG2a) was produced 

in our laboratory (unpublished data). Horseradish peroxidase -conjugated goat anti mouse IgM 

(µ chain specific) antibody was purchased from Jackson Immuno Research Laboratory (West 

Grove, PA, USA). 

Detection of soluble CD99 by ELISA 

Anti-CD99 mAb clone MT99/3 or isotype matched control mAb clone 13M (10 µg/ml) was 

coated on ELISA plate in carbonate–bicarbonate coating buffer of pH 9.6 at 4oC overnight.  After 

washing with 0 . 0 5 %  Tween-2 0  in phosphate buffer saline solution (0 . 0 5 %  Tween-PBS), the 

plates were blocked free surface with 2% bovine serum albumin-PBS for 1 hour.  Serum (dilution 

at 1 :50 )  was added into plates and incubated at 37 oC for 1  hour. The plates were washed out 

for the excess antigen using 0.05% Tween-PBS. The detection antibody, anti-CD99 mAb clone 

MT9 9 / 1  (1 0  µ g/ml) was added into plate and incubated at 3 7 oC for 1  hour. After washing, 

horseradish peroxidase -conjugated goat anti mouse IgM (µ chain specific) antibody was added 

and incubated at 37oC for 1 hour. The reactions were detected using a TMB substrate and optical 

density was measured at 4 5 0  nm. The obtained signals were used to calculated soluble CD99 

ratio as equation below: 
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Soluble CD99 ratio = signal obtained from anti-CD99 mAb (MT99/3) coated plate/ 

                                  signal obtained from isotype matched control mAb (13M) coated plate 

 

Data analysis 

Demographic and metabolic parameter data were presented as mean± SEM.  

Independent t-test was used for comparison between two groups.  A Pearson correlation method 

was used to determine the possible factors which correlated with an individual MoCA score.  A 

univariate analysis was performed for the metabolic parameters that had a significant correlation 

with an individual MoCA score.  In order to access the independent effects, the significant 

parameters from the univariate analysis in these patients were further collected into multivariate 

models and a multivariate analysis was performed.  P-value <0.05 was considered as a statistical 

significance.



 

 

ผลการทดลอง (Results) 

 
Demographic data and clinical parameters in all subjects 

According to the numbers of control subjects, 1 subject from this group was excluded 

because of higher score than 4 points from PHQ-9 test which indicated a depression state.  

Metabolic parameters such as body mass index (BMI), the waist-hip ratio (WHR), fasting plasma 

glucose (FPG), glycated hemoglobin (HbA1C), fasting insulin (FINS), HOMA-index, systolic blood 

pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), fasting plasma glucose (FPG), 

fasting plasma insulin (FINS), total cholesterol (TC), triglyceride (TG), high-density cholesterol 

(HDL-C), low-density cholesterol (LDL-C) in T2DM group were significantly different when 

compared with control group (Table 5).  Furthermore, neutrophil, lymphocyte, and the neutrophil-

lymphocyte ratio (NLR) in T2DM patients were also changed.     

Regarding the cognitive impairment, MMSE score in T2DM patients was decreased when 

compared with control (Table 5).  MoCA score in this group was also reduced.  Additionally, a 

prevalence of MCI was 93% in T2DM patients (200 out of 215 patients), while MCI prevalence in 

control group was 48% (14 out of 29) (Table 5).  However, PHQ-9 score which was used to 

evaluate depression condition, between these groups was not different. 
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Table 5. Demographics of control and diabetic subjects 

Demographic data Control (n=29)  T2DM (n=215) 

Male, n (%) 4(14%) 97 (45%) 

Average Age (Years) 53 ± 1 55 ± 0 

BMI (kg/m2) 22.84 ± 0.57 26.18 ± 0.41* 

WHR 0.84 ± 0.02 0.90 ± 0.01* 

Years of Education (Years) 14.2 ± 0.6 6.8 ± 0.3* 

Duration of DM (Years) 0 ± 0 8.9 ± 0.5* 

SBP (mmHg) 119 ± 3 150 ± 13* 

DBP (mmHg) 75 ± 2 78 ± 1* 

HR (bpm) 77 ± 2 90 ± 5* 

FPG (mmol/L) 95 ± 1 170 ± 6* 

FINS (mIU/L) 21.7 ± 4.6 7.9 ± 0.7* 

TC (mmol/L) 220 ± 7 180 ± 4* 

TG (mmol/L) 120 ± 17 156 ± 8* 

HDL-C (mmol/L) 56 ± 2 48 ± 1* 

LDL-C (mmol/L)  142 ± 7 104 ± 4* 

HbA1C (%) 5.7 ± 0.2 8.2 ± 0.2* 

Neutrophil (%) 53.0 ± 1.2 57.4 ± 0.7* 

Lymphocyte (%) 38.0 ± 1.2 31.0 ± 0.6* 

NLR 1.45 ± 0.09 1.98 ± 0.08* 

MMSE (points) 27.8 ± 0.4 26.0 ± 0.2* 

MoCA (points) 23.4 ± 0.7 19.6 ± 0.3* 

PHQ-9 (points) 1.4 ± 0.4 1.7 ± 0.2 

Prevalence of MCI (%) 48.27 93.02 

BMI; body mass index, DBP; diastolic blood pressure, DM; diabetes mellitus, FINs; fasting plasma 

insulin, FPG; fasting plasma glucose, HbA1C; glycated hemoglobin, HDL-C; high-density 

lipoprotein cholesterol, HR; heart rate, LDL-C; low-density lipoprotein cholesterol, MCI; mild-

cognitive impairment, MMSE; mini-mental state examination, MoCA; Montreal cognitive 

assessment, NLR; neutrophil-lymphocyte ratio, T2DM; type-2 diabetes mellitus, TC; total 

cholesterol, TG; triglyceride, SBP; systolic blood pressure,. *p<0.05 vs. Control group. 
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Glycemic parameters and NLR showed a significant correlation with an individual MoCA 

score in control and T2DM subjects 

Associative correlation between individual MoCA scores of control subjects and their 

metabolic parameters demonstrated that individual MoCA score was negatively correlated with 

blood glycemic profiles; HbA1C (r = -0.517, P = 0.008) (Figure 5), whereas other parameters were 

not correlated with MoCA score (data not shown).  On the other hand, table 6 demonstrated the 

correlation of demographic data and MoCA score from T2DM group.  Metabolic profiles from 

T2DM patients indicated that body mass index (BMI) showed a strong positive correlation with 

MoCA score (r = 0.336, P = 0.000) (Figure 6A), while Fasting plasma glucose (FPG) from these 

patients had a negative correlation with MoCA score (r = -0.289, P = 0.006) (Figure 6B). In 

addition, age of these patients also indicated its negative correlation with MoCA score (r = -0.190, 

P = 0.003) (Figure 6C).  Surprisingly, the neutrophil-lymphocyte ratio (NLR) showed a significant 

negative correlation with an individual MoCA score, (r = -0.402, P = 0.000, Figure 7). 

   

Multivariate analysis for the association between MoCA score with various parameters of 

T2DM patients 

Significantly correlated factors such as BMI, plasma FPG, Age, and the NLR were further 

used for univariate analysis and the MoCA score were set as the independent variable (Table 6).  

Multivariate analyses of the correlated metabolic parameters and MoCA score was also 

determined in order to discriminate the possible confounding factors (Table 5).  After multivariate 

analysis was performed, the results demonstrated that only BMI and NLR were independently 

variable which were correlated with the MoCA score (Table 7).  These findings suggest that NLR 

can be a prognostic indicator of poor cognitive performance in T2DM patients.  
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Table 6. Correlation of demographic data and MoCA score from T2DM patients 

Demographic data r p (univariate) 

Age  -0.190 0.013 

BMI  0.336 0.000 

WHR -0.021 0.848 

SBP -0.050 0.781 

DBP 0.207 0.248 

HR  -0.220 0.262 

FPG -0.289 0.006 

FINS 0.081 0.400 

TC  -0.105 0.271 

TG  -0.027 0.783 

HDL-C  -0.022 0.820 

LDL-C  -0.084 0.388 

HbA1C  -0.138 0.156 

NLR -0.402 0.000 

serum LPS 0.044 0.659 

sCD99 ratio -0.079 0.343 

BMI; body mass index, DBP; diastolic blood pressure, FINs; fasting plasma insulin, FPG; fasting 

plasma glucose, HbA1C; glycated hemoglobin, HDL-C; high-density lipoprotein cholesterol, HR; 

heart rate, LDL-C; low-density lipoprotein cholesterol, LPS; lipopolysaccharide, NLR; neutrophil-

lymphocyte ratio, T2DM; type-2 diabetes mellitus, TC; total cholesterol, TG; triglyceride, SBP; 

systolic blood pressure; sCD99; soluble cluster of differentiation 99, WHR; waist-hip ratio. 
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Figure 5 



 

 

Figure 6 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 
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Table 7. Multivariate analysis of significant variable from univariate analysis with MoCA score 

BMI; body mass index, FPG; fasting plasma glucose, NLR; neutrophil-lymphocyte ratio, VIF; 

variance inflation factor. 

Parameters B p-value VIF 

Age -0.091 -0.949 1.041 

BMI 0.288 3.024 1.024 

FPG  -0.168 -1.709 1.088 

NLR -0.260 -2.669 1.072 



 

 

บทวิจารณ (Discussion) 

 
The major findings of this study are as follows 1) MCI was observed in control subjects 

and HbA1C is negatively related with MoCA in control group 2) Almost of T2DM demonstrated 

the MCI condition, 3) several metabolic parameters including Age, BMI, FPG, and NLR were 

shown to be correlated with MoCA score and 4) NLR and BMI level independently demonstrated 

the strongest correlation with the MoCA score in these T2DM patients. 

Type 2 Diabetes mellitus (T2DM) has commonly known as the pathological condition 

characterize by high level of glucose the circulation (hyperglycemia) and insufficient insulin level 

in accompanied with insulin resistance condition (42).  T2DM has been known to be linked with 

both environmental factors such as obesity, sedentary lifestyle and physical inactivity as well as 

genetic factor (43).  Many of these T2DM individuals are at high risk for microvascular 

complications (e.g., nephropathy, retinopathy and neuropathy) and macrovascular complications 

(e.g., peripheral vascular disease, cerebrovascular disease and cardiovascular disease) (2).  

T2DM patients with good controlled plasma glucose levels demonstrated to delay the progression 

of microvascular and macrovascular complications (3, 4). 

Several studies have strongly shown that T2DM can be a risk factor for cognitive 

impairment and dementia (5, 6).  Recent cross-sectional studies have demonstrated the lower 

cognitive performance in T2DM patients, compared with controls (7).  In addition, the longitudinal 

studies have also indicated the acceleration of cognitive decline in T2DM individuals (8, 9).  

Biochemical parameters particularly in higher glucose level from T2DM and even non-T2DM 

subjects have been reported to be a risk factor for cognitive impairment or dementia (10, 11).  

Furthermore, various complications of metabolic and vascular disturbances such as disturbances 
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of brain structures such as blood brain barrier, cerebral insulin signaling, insulin resistance, 

glucose toxicity and the formation of Advanced Glucose End-products (AGEs) have been 

implicated in the pathophysiology of cognitive impairment (44, 45). 

Cognitive impairment can be categorized as ranging from mild to severe.  With mild 

cognitive impairment, individuals might begin to notice changes in their cognitive functions, 

although they are still able to do their daily-life activities.  In contrast, a severe degree of cognitive 

impairment leads to a loss of an individual’s ability or skills to understand the meaning or 

importance of their surroundings, hence they are incapable of live independently.  Moreover, a 

severe degree of cognitive impairment can lead to the development of AD.  In addition, patients 

with cognitive impairment have a higher risk of being hospitalized compared with individuals who 

are hospitalized for other conditions.   

In addition, recent studies have been shown diabetes mellitus increased a risk factor of 

mild cognitive impairment (MCI) (12-14).  Previous study showed that the duration of diabetes, 

use of glucose-lowering medications, degree of glucose control should be the predictor of MCI 

(15).  Although several factors in T2DM have been reported to associate with the cognitive 

decline, the relationship of these risk factors on the occurrence MCI has rarely been 

demonstrated.  In addition, the prognostic markers for the early detection of MCI has not been 

investigated.     

In patients with obesity, peripheral inflammation was observed which is thought to be 

caused by the production of pro-inflammatory adipokines, cytokines and chemokines.  Moreover, 

previous studies reported that inflammation can lead to the progression of cognitive dysfunction 

and AD (77, 78).  A high level of plasma adiponectin was found to be a risk factor for causing 

dementia and AD (79).  Additionally, T2DM elderly patients who have MCI showed the 
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inflammatory status by the increased of CRP, interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor 

necrosis factor (TNF-α) compared to controls (66, 68) suggesting the induction of MCI through 

systemic inflammation. 

Brain inflammation is also responsible for causing neurodegenerative diseases (24, 28-

32).  Currently, NLR has been used as a biomarker to predict several pathological conditions such 

as cancer and cardiovascular disease (16-18).  NLR are widely used as it has the advantage of 

being a novel and non-invasive method of assessing these conditions.  These findings imply that 

NLR may be a prognostic marker for cognitive impairment, although there is no study reporting 

this relationship.             

In the present study, we found several factors that correlated with the development of 

MCI condition in T2DM patients, which include Age, BMI, and FPG.  Interestingly, we found that 

systemic inflammation was also found to be related with MCI, as indicated by the correlation of 

neutrophil-lymphocyte ratio (NLR) with MoCA score.  This finding suggests that systemic 

inflammation could be one of the underlying mechanisms for the induction of cognitive impairment 

in these diabetic patients.   

Notably, we also found that the strongest correlation found among all parameters was 

between NLR and MoCA cognitive score.  Supporting this finding, multivariate analysis indicated 

that only NLR and BMI independently provided a significant correlation with an individual MoCA 

score.  Several studies reported that NLR may be a good predictor of cognitive deficit in several 

pathological conditions such as carotid endarterectomy and Alzheimer’s disease (19, 80, 81).  

This demonstrates that NLR may be a novel prognostic marker for MCI found in T2DM, however 

further studies are still needed to support this finding.   
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However, there were a number of limitations in the present study: 1) the enrolled patients 

in this study received different therapies for the treatment of DM and dyslipidemia, which might 

have led to a lack of correlation between some of their metabolic parameters and MoCA score 

and 2) since some of demographics such as history of T2DM was obtained by subjective 

examination, this might affect the association of these profiles with MoCA. 

In conclusion, the present study demonstrated that MCI is common in T2DM patients.  

There were several clinical parameters correlated with MCI displayed in MetS patients.  

Interestingly, we also found that NLR was closely correlated with MCI, suggesting the beneficial 

role of this parameter as a novel prognostic marker for the evaluation of cognitive impairment in 

the T2DM before the development of other severe complications. 

  



 

 

หนังสืออางอิง (References) 
1. Unwin N, Shaw J, Zimmet P, Alberti KG. Impaired glucose tolerance and impaired 

fasting glycaemia: the current status on definition and intervention. Diabetic medicine : 

a journal of the British Diabetic Association. 2002;19(9):708-23. 

2. Nazimek-Siewniak B, Moczulski D, Grzeszczak W. Risk of macrovascular and 

microvascular complications in Type 2 diabetes: results of longitudinal study design. 

Journal of diabetes and its complications. 2002;16(4):271-6. 

3. Handelsman Y, Mechanick JI, Blonde L, Grunberger G, Bloomgarden ZT, Bray GA, et 

al. American Association of Clinical Endocrinologists Medical Guidelines for Clinical 

Practice for developing a diabetes mellitus comprehensive care plan. Endocrine 

practice : official journal of the American College of Endocrinology and the American 

Association of Clinical Endocrinologists. 2011;17 Suppl 2:1-53. 

4. Nicholson G, Hall GM. Diabetes mellitus: new drugs for a new epidemic. British journal 

of anaesthesia. 2011;107(1):65-73. 

5. Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of dementia in 

diabetes mellitus: a systematic review. Lancet neurology. 2006;5(1):64-74. 

6. Exalto LG, Whitmer RA, Kappele LJ, Biessels GJ. An update on type 2 diabetes, 

vascular dementia and Alzheimer's disease. Experimental gerontology. 

2012;47(11):858-64. 

7. Brands AM, Van den Berg E, Manschot SM, Biessels GJ, Kappelle LJ, De Haan EH, 

et al. A detailed profile of cognitive dysfunction and its relation to psychological 

distress in patients with type 2 diabetes mellitus. Journal of the International 

Neuropsychological Society : JINS. 2007;13(2):288-97. 



สัญญาเลขที่ TRG5980200 

39 

 

8. Arntzen KA, Schirmer H, Wilsgaard T, Mathiesen EB. Impact of cardiovascular risk 

factors on cognitive function: the Tromso study. Eur J Neurol. 2011;18(5):737-43. 

9. Knopman D, Boland LL, Mosley T, Howard G, Liao D, Szklo M, et al. Cardiovascular 

risk factors and cognitive decline in middle-aged adults. Neurology. 2001;56(1):42-8. 

10. Crane PK, Walker R, Hubbard RA, Li G, Nathan DM, Zheng H, et al. Glucose levels 

and risk of dementia. N Engl J Med. 2013;369(6):540-8. 

11. Kerti L, Witte AV, Winkler A, Grittner U, Rujescu D, Floel A. Higher glucose levels 

associated with lower memory and reduced hippocampal microstructure. Neurology. 

2013;81(20):1746-52. 

12. Koekkoek PS, Kappelle LJ, van den Berg E, Rutten GE, Biessels GJ. Cognitive 

function in patients with diabetes mellitus: guidance for daily care. Lancet neurology. 

2015;14(3):329-40. 

13. Cooper C, Sommerlad A, Lyketsos CG, Livingston G. Modifiable predictors of 

dementia in mild cognitive impairment: a systematic review and meta-analysis. The 

American journal of psychiatry. 2015;172(4):323-34. 

14. Gorska-Ciebiada M, Saryusz-Wolska M, Ciebiada M, Loba J. Mild cognitive 

impairment and depressive symptoms in elderly patients with diabetes: prevalence, 

risk factors, and comorbidity. Journal of diabetes research. 2014;2014:179648. 

15. Gao Y, Xiao Y, Miao R, Zhao J, Zhang W, Huang G, et al. The characteristic of 

cognitive function in Type 2 diabetes mellitus. Diabetes research and clinical practice. 

2015. 



สัญญาเลขที่ TRG5980200 

40 

 

16. Bhat T, Teli S, Rijal J, Bhat H, Raza M, Khoueiry G, et al. Neutrophil to lymphocyte 

ratio and cardiovascular diseases: a review. Expert review of cardiovascular therapy. 

2013;11(1):55-9. 

17. Xiao WK, Chen D, Li SQ, Fu SJ, Peng BG, Liang LJ. Prognostic significance of 

neutrophil-lymphocyte ratio in hepatocellular carcinoma: a meta-analysis. BMC cancer. 

2014;14:117. 

18. Xue TC, Zhang L, Xie XY, Ge NL, Li LX, Zhang BH, et al. Prognostic significance of 

the neutrophil-to-lymphocyte ratio in primary liver cancer: a meta-analysis. PLoS One. 

2014;9(5):e96072. 

19. Halazun HJ, Mergeche JL, Mallon KA, Connolly ES, Heyer EJ. Neutrophil-lymphocyte 

ratio as a predictor of cognitive dysfunction in carotid endarterectomy patients. Journal 

of vascular surgery. 2014;59(3):768-73. 

20. Imtiaz F, Shafique K, Mirza SS, Ayoob Z, Vart P, Rao S. Neutrophil lymphocyte ratio 

as a measure of systemic inflammation in prevalent chronic diseases in Asian 

population. International archives of medicine. 2012;5(1):2. 

21. Mantovani A, Savino B, Locati M, Zammataro L, Allavena P, Bonecchi R. The 

chemokine system in cancer biology and therapy. Cytokine & growth factor reviews. 

2010;21(1):27-39. 

22. Vendramini-Costa DB, Carvalho JE. Molecular link mechanisms between inflammation 

and cancer. Curr Pharm Des. 2012;18(26):3831-52. 

23. Frangogiannis NG. The role of the chemokines in myocardial ischemia and 

reperfusion. Current vascular pharmacology. 2004;2(2):163-74. 



สัญญาเลขที่ TRG5980200 

41 

 

24. Spielman LJ, Little JP, Klegeris A. Inflammation and insulin/IGF-1 resistance as the 

possible link between obesity and neurodegeneration. J Neuroimmunol. 2014. 

25. Kim YW, Kim SK, Kim CS, Kim IY, Cho MY, Kim NK. Association of serum and 

intratumoral cytokine profiles with tumor stage and neutrophil lymphocyte ratio in 

colorectal cancer. Anticancer research. 2014;34(7):3481-7. 

26. Kuyumcu ME, Yesil Y, Ozturk ZA, Kizilarslanoglu C, Etgul S, Halil M, et al. The 

evaluation of neutrophil-lymphocyte ratio in Alzheimer's disease. Dementia and 

geriatric cognitive disorders. 2012;34(2):69-74. 

27. Varol E, Aksoy F, Ozaydin M, Erdogan D, Dogan A. Association between neutrophil-

lymphocyte ratio and mitral annular calcification. Blood Coagul Fibrinolysis. 2014. 

28. De Felice FG, Ferreira ST. Inflammation, defective insulin signaling, and mitochondrial 

dysfunction as common molecular denominators connecting type 2 diabetes to 

Alzheimer disease. Diabetes. 2014;63(7):2262-72. 

29. Freund-Levi Y, Vedin I, Hjorth E, Basun H, Faxen Irving G, Schultzberg M, et al. 

Effects of Supplementation with Omega-3 Fatty Acids on Oxidative Stress and 

Inflammation in Patients with Alzheimer's Disease: The OmegAD Study. J Alzheimers 

Dis. 2014. 

30. Jayaraj RL, Elangovan N, Dhanalakshmi C, Manivasagam T, Essa MM. CNB-001, a 

novel pyrazole derivative mitigates motor impairments associated with 

neurodegeneration via suppression of neuroinflammatory and apoptotic response in 

experimental Parkinson's disease mice. Chemico-biological interactions. 2014. 

31. Joniec-Maciejak I, Ciesielska A, Wawer A, Sznejder-Pacholek A, Schwenkgrub J, 

Cudna A, et al. The influence of AAV2-mediated gene transfer of human IL-10 on 



สัญญาเลขที่ TRG5980200 

42 

 

neurodegeneration and immune response in a murine model of Parkinson's disease. 

Pharmacological reports : PR. 2014;66(4):660-9. 

32. Zhou WW, Lu S, Su YJ, Xue D, Yu XL, Wang SW, et al. Decreasing oxidative stress 

and neuroinflammation with a multifunctional peptide rescues memory deficits in mice 

with Alzheimer's disease. Free Radic Biol Med. 2014. 

33. El-Naga RN, Ahmed HI, Abd Al Haleem EN. Effects of indole-3-carbinol on clonidine-

induced neurotoxicity in rats: Impact on oxidative stress, inflammation, apoptosis and 

monoamine levels. Neurotoxicology. 2014;44C:48-57. 

34. Moon M, Choi JG, Kim SY, Oh MS. Bombycis excrementum Reduces Amyloid-beta 

Oligomer-Induced Memory Impairments, Neurodegeneration, and Neuroinflammation in 

Mice. J Alzheimers Dis. 2014;41(2):599-613. 

35. Fang H, Pengal RA, Cao X, Ganesan LP, Wewers MD, Marsh CB, et al. 

Lipopolysaccharide-induced macrophage inflammatory response is regulated by SHIP. 

Journal of immunology. 2004;173(1):360-6. 

36. Jeong HK, Jou I, Joe EH. Systemic LPS administration induces brain inflammation but 

not dopaminergic neuronal death in the substantia nigra. Exp Mol Med. 

2010;42(12):823-32. 

37. Khan S, Shin EM, Choi RJ, Jung YH, Kim J, Tosun A, et al. Suppression of LPS-

induced inflammatory and NF-kappaB responses by anomalin in RAW 264.7 

macrophages. Journal of cellular biochemistry. 2011;112(8):2179-88. 

38. Bolling AK, Samuelsen JT, Morisbak E, Ansteinsson V, Becher R, Dahl JE, et al. 

Dental monomers inhibit LPS-induced cytokine release from the macrophage cell line 

RAW264.7. Toxicology letters. 2013;216(2-3):130-8. 



สัญญาเลขที่ TRG5980200 

43 

 

39. Chung S, Lapoint K, Martinez K, Kennedy A, Boysen Sandberg M, McIntosh MK. 

Preadipocytes mediate lipopolysaccharide-induced inflammation and insulin resistance 

in primary cultures of newly differentiated human adipocytes. Endocrinology. 

2006;147(11):5340-51. 

40. Mestre JR, Mackrell PJ, Rivadeneira DE, Stapleton PP, Tanabe T, Daly JM. 

Redundancy in the signaling pathways and promoter elements regulating 

cyclooxygenase-2 gene expression in endotoxin-treated macrophage/monocytic cells. J 

Biol Chem. 2001;276(6):3977-82. 

41. Jacobs AT, Ignarro LJ. Lipopolysaccharide-induced expression of interferon-beta 

mediates the timing of inducible nitric-oxide synthase induction in RAW 264.7 

macrophages. J Biol Chem. 2001;276(51):47950-7. 

42. American Diabetes A. Diagnosis and classification of diabetes mellitus. Diabetes care. 

2010;33 Suppl 1:S62-9. 

43. Tangvarasittichai S. Oxidative stress, insulin resistance, dyslipidemia and type 2 

diabetes mellitus. World journal of diabetes. 2015;6(3):456-80. 

44. Kawamura T, Umemura T, Hotta N. Cognitive impairment in diabetic patients: Can 

diabetic control prevent cognitive decline? Journal of diabetes investigation. 

2012;3(5):413-23. 

45. Bornstein NM, Brainin M, Guekht A, Skoog I, Korczyn AD. Diabetes and the brain: 

issues and unmet needs. Neurol Sci. 2014;35(7):995-1001. 

46. Brooke J, Ojo O. Cognitive screening in patients with diabetes in primary care. British 

journal of community nursing. 2014;19(8):401-6. 



สัญญาเลขที่ TRG5980200 

44 

 

47. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med. 

2004;256(3):183-94. 

48. Lopez OL, Becker JT, Jagust WJ, Fitzpatrick A, Carlson MC, DeKosky ST, et al. 

Neuropsychological characteristics of mild cognitive impairment subgroups. J Neurol 

Neurosurg Psychiatry. 2006;77(2):159-65. 

49. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive 

impairment: clinical characterization and outcome. Arch Neurol. 1999;56(3):303-8. 

50. Tabert MH, Manly JJ, Liu X, Pelton GH, Rosenblum S, Jacobs M, et al. 

Neuropsychological prediction of conversion to Alzheimer disease in patients with mild 

cognitive impairment. Arch Gen Psychiatry. 2006;63(8):916-24. 

51. Daly E, Zaitchik D, Copeland M, Schmahmann J, Gunther J, Albert M. Predicting 

conversion to Alzheimer disease using standardized clinical information. Arch Neurol. 

2000;57(5):675-80. 

52. Frisoni GB, Padovani A, Wahlund LO. The predementia diagnosis of Alzheimer 

disease. Alzheimer disease and associated disorders. 2004;18(2):51-3. 

53. Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin EH, et al. Mild cognitive 

impairment represents early-stage Alzheimer disease. Arch Neurol. 2001;58(3):397-

405. 

54. Chertkow H, Massoud F, Nasreddine Z, Belleville S, Joanette Y, Bocti C, et al. 

Diagnosis and treatment of dementia: 3. Mild cognitive impairment and cognitive 

impairment without dementia. CMAJ : Canadian Medical Association journal = journal 

de l'Association medicale canadienne. 2008;178(10):1273-85. 



สัญญาเลขที่ TRG5980200 

45 

 

55. Fang M, Feng C, Xu Y, Hua T, Jin AP, Liu XY. Microbleeds and silent brain infarctions 

are differently associated with cognitive dysfunction in patients with advanced 

periventricular leukoaraiosis. Int J Med Sci. 2013;10(10):1307-13. 

56. Jacquin A, Binquet C, Rouaud O, Graule-Petot A, Daubail B, Osseby GV, et al. Post-

stroke cognitive impairment: high prevalence and determining factors in a cohort of 

mild stroke. J Alzheimers Dis. 2014;40(4):1029-38. 

57. Hachinski V. Preventable senility: a call for action against the vascular dementias. 

Lancet. 1992;340(8820):645-8. 

58. Odetti P, Piccini A, Giliberto L, Borghi R, Natale A, Monacelli F, et al. Plasma levels of 

insulin and amyloid beta 42 are correlated in patients with amnestic Mild Cognitive 

Impairment. J Alzheimers Dis. 2005;8(3):243-5. 

59. Mufson EJ, He B, Nadeem M, Perez SE, Counts SE, Leurgans S, et al. Hippocampal 

proNGF signaling pathways and beta-amyloid levels in mild cognitive impairment and 

Alzheimer disease. Journal of neuropathology and experimental neurology. 

2012;71(11):1018-29. 

60. Sultana R, Banks WA, Butterfield DA. Decreased levels of PSD95 and two associated 

proteins and increased levels of BCl2 and caspase 3 in hippocampus from subjects 

with amnestic mild cognitive impairment: Insights into their potential roles for loss of 

synapses and memory, accumulation of Abeta, and neurodegeneration in a prodromal 

stage of Alzheimer's disease. Journal of neuroscience research. 2010;88(3):469-77. 

61. Cenini G, Sultana R, Memo M, Butterfield DA. Elevated levels of pro-apoptotic p53 

and its oxidative modification by the lipid peroxidation product, HNE, in brain from 



สัญญาเลขที่ TRG5980200 

46 

 

subjects with amnestic mild cognitive impairment and Alzheimer's disease. Journal of 

cellular and molecular medicine. 2008;12(3):987-94. 

62. Cenini G, Sultana R, Memo M, Butterfield DA. Effects of oxidative and nitrosative 

stress in brain on p53 proapoptotic protein in amnestic mild cognitive impairment and 

Alzheimer disease. Free Radic Biol Med. 2008;45(1):81-5. 

63. Gan X, Wu L, Huang S, Zhong C, Shi H, Li G, et al. Oxidative stress-mediated 

activation of extracellular signal-regulated kinase contributes to mild cognitive 

impairment-related mitochondrial dysfunction. Free Radic Biol Med. 2014;75:230-40. 

64. Wang P, Huang R, Lu S, Xia W, Cai R, Sun H, et al. RAGE and AGEs in Mild 

Cognitive Impairment of Diabetic Patients: A Cross-Sectional Study. PLoS One. 

2016;11(1):e0145521. 

65. Gorska-Ciebiada M, Saryusz-Wolska M, Borkowska A, Ciebiada M, Loba J. C-

Reactive Protein, Advanced Glycation End Products, and Their Receptor in Type 2 

Diabetic, Elderly Patients with Mild Cognitive Impairment. Frontiers in aging 

neuroscience. 2015;7:209. 

66. Gorska-Ciebiada M, Saryusz-Wolska M, Borkowska A, Ciebiada M, Loba J. 

Adiponectin, leptin and IL-1 beta in elderly diabetic patients with mild cognitive 

impairment. Metabolic brain disease. 2016;31(2):257-66. 

67. Huang R, Wang P, Han J, Xia W, Cai R, Sun H, et al. Decreased Serum IGF-

1/IGFBP-3 Molar Ratio is Associated with Executive Function Behaviors in Type 2 

Diabetic Patients with Mild Cognitive Impairment. J Alzheimers Dis. 2015;47(1):85-94. 



สัญญาเลขที่ TRG5980200 

47 

 

68. Gorska-Ciebiada M, Saryusz-Wolska M, Borkowska A, Ciebiada M, Loba J. Serum 

levels of inflammatory markers in depressed elderly patients with diabetes and mild 

cognitive impairment. PLoS One. 2015;10(3):e0120433. 

69. Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM, Delzenne NM, et al. Changes in 

gut microbiota control metabolic endotoxemia-induced inflammation in high-fat diet-

induced obesity and diabetes in mice. Diabetes. 2008;57(6):1470-81. 

70. Amar J, Burcelin R, Ruidavets JB, Cani PD, Fauvel J, Alessi MC, et al. Energy intake 

is associated with endotoxemia in apparently healthy men. The American journal of 

clinical nutrition. 2008;87(5):1219-23. 

71. Cani PD, Possemiers S, Van de Wiele T, Guiot Y, Everard A, Rottier O, et al. 

Changes in gut microbiota control inflammation in obese mice through a mechanism 

involving GLP-2-driven improvement of gut permeability. Gut. 2009;58(8):1091-103. 

72. Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D, et al. Metabolic 

endotoxemia initiates obesity and insulin resistance. Diabetes. 2007;56(7):1761-72. 

73. Cani PD, Neyrinck AM, Fava F, Knauf C, Burcelin RG, Tuohy KM, et al. Selective 

increases of bifidobacteria in gut microflora improve high-fat-diet-induced diabetes in 

mice through a mechanism associated with endotoxaemia. Diabetologia. 

2007;50(11):2374-83. 

74. Moreno-Indias I, Cardona F, Tinahones FJ, Queipo-Ortuno MI. Impact of the gut 

microbiota on the development of obesity and type 2 diabetes mellitus. Frontiers in 

microbiology. 2014;5:190. 



สัญญาเลขที่ TRG5980200 

48 

 

75. Smith T, Gildeh N, Holmes C. The Montreal Cognitive Assessment: validity and utility 

in a memory clinic setting. Canadian journal of psychiatry Revue canadienne de 

psychiatrie. 2007;52(5):329-32. 

76. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et al. 

The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive 

impairment. J Am Geriatr Soc. 2005;53(4):695-9. 

77. Lee YH, Tharp WG, Maple RL, Nair S, Permana PA, Pratley RE. Amyloid precursor 

protein expression is upregulated in adipocytes in obesity. Obesity (Silver Spring). 

2008;16(7):1493-500. 

78. Sell H, Eckel J. Adipose tissue inflammation: novel insight into the role of 

macrophages and lymphocytes. Curr Opin Clin Nutr Metab Care. 2010;13(4):366-70. 

79. van Himbergen TM, Beiser AS, Ai M, Seshadri S, Otokozawa S, Au R, et al. 

Biomarkers for insulin resistance and inflammation and the risk for all-cause dementia 

and alzheimer disease: results from the Framingham Heart Study. Arch Neurol. 

2012;69(5):594-600. 

80. Heyer EJ, Mergeche JL, Wang S, Gaudet JG, Connolly ES. Impact of Cognitive 

Dysfunction on Survival in Patients With and Without Statin Use Following Carotid 

Endarterectomy. Neurosurgery. 2015;77(6):880-7. 

81. Rembach A, Watt AD, Wilson WJ, Rainey-Smith S, Ellis KA, Rowe CC, et al. An 

increased neutrophil-lymphocyte ratio in Alzheimer's disease is a function of age and 

is weakly correlated with neocortical amyloid accumulation. J Neuroimmunol. 

2014;273(1-2):65-71. 



สัญญาเลขที่ TRG5980200 

49 

 

 

Output จากโครงการวิจัยที่ไดรับทุนจาก สกว. 

 
1. ผลงานตีพิมพในวารสารวิชาการนานาชาติ (ระบุชื่อผูแตง ชื่อเร่ือง ชื่อวารสาร ป เลมที่ เลขที่ 

และหนา) 

ยังอยูในระหวางการเขียน manuscript เพ่ือตีพิมพในวารสารระดับนานาชาติตอไป 

 

2. การนําผลงานวิจัยไปใชประโยชน 

2.1 เชิงสาธารณะ (มีเครือขายความรวมมือ/สรางกระแสความสนใจในวงกวาง) 

ไดมีการนําเสนอผลงานวิจัยในงานประชุมทั้งในระดับชาติ และนานาชาติ โดยไดเผยแพรความรู

เก่ียวกับตัวพยากรณที่เปนไปไดตอการเกิดภาวะความจําบกพรองแบบต่ํา ๆ ในผูปวยโรคเบาหวานชนิด

ที่ 2 ซ่ึงจะชวยใหมี parameter ที่มีประสิทธิภาพอีกประเภท ที่เปนประโยชนสําหรับแพทย และ พยาบาล 

สําหรับใชคัดกรองความเสี่ยงตอการเกิดความจําเสื่อมโดยเฉพาะอยางยิ่ง โรคอัลไซเมอร ซ่ึงพบไดมาก

ในผูปวยโรคเบาหวานชนิดที่ 2 

 

2.2 เชิงวิชาการ (มีการพัฒนาการเรียนการสอน/สรางนักวิจัยใหม) 

ยังอยูในระหวางการเขียน manuscript เพ่ือตีพิมพในวารสารระดับนานาชาติตอไป 

 

3. อ่ืนๆ (เชน หนังสือ การจดสิทธิบัตร) 

- 
 

 


