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Aim: To explore the relationship between inflammatory biomarkers and cognitive dysfunc
tion in patients with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).
Methods: T1DM patients (n=32), T2DM patients (n=90) and age-matched controls (n=36 
and 81, respectively) were included. The 72-hour dynamic blood glucose test and cognitive 
function, including visuoconstructive function, executive function, learning and memory, 
attention, language expression ability, and orientation, were analyzed. The head, body and 
tail grey matter of the hippocampus were analyzed by magnetic resonance spectroscopy. In 
addition, serum HMGB1, IL-1β, IL-6, and TNF-α concentrations were examined.
Results: HbA1C, MAGE and MODD were higher in T1DM patients than in T2DM patients 
(p<0.05). MoCA scores and IL-1β and IL-6 levels in patients with T2DM were higher than 
T1DM patients. NAA/Cr and Cho/Cr of the hippocampus were higher in patients with T1DM 
than in those with T2DM. Levels of inflammatory factors in T1DM and T2DM patients were 
higher than in nondiabetic subjects (p<0.05). Regression analysis showed that cognition was 
associated with MAGE, MODD, NAA/Cr of the left hippocampus and HMGB1 in T1DM 
patients, after adjustment for age, sex, BMI and other co-variables. In T2DM patients, 
cognitive impairment was associated with MAGE, NAA/Cr of the left hippocampus, 
HMGB1 and IL-6, after adjustment for co-variables such as sex, age and BMI.
Conclusion: T2DM patients have more cognitive impairment than T1DM patients. Changes 
in brain function connections and metabolites may be the structural basis of the differences in 
cognitive functional impairment. Inflammation is related to cognitive impairment in diabetes 
patients, especially in T2DM patients.
Keywords: cognitive impairment, diabetes, inflammation

Introduction
The prevalence of diabetes mellitus (DM) has increased dramatically worldwide, 
and most of the morbidity and mortality of diabetes is due to the development of 
complications.1 Dejong et al proposed that “diabetes encephalopathy” may be one 
of the diabetic complications.2 Indeed, the risk of dementia in DM patients is higher 
than in nondiabetic controls.3 If dementia symptoms occur, treatments are consid
ered to be useless in reversing or delaying the development of dementia.4 

Therefore, actively preventing and postponing the occurrence and progression of 
cognitive impairment is critical.

The type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) are 
two main forms of diabetes. Nunley et al demonstrated that childhood-onset T1DM 
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is related to a change in visuoconstruction function.5 

However, cognition is characterized by diminished mem
ory and attention in T2DM patients.6–8 A systemic review 
revealed the association of T1DM and cognitive changes 
in youths and adults.9 In addition, a recent meta-analysis 
showed that adults with T2DM had significant deficits 
across multiple domains of cognitive function and their 
cognitive dysfunction was associated with poor glycemic 
control.10 In general, T1DM seems to be related to slow 
mental processing and executive/attentional functioning, 
while T2DM is related additionally to memory problems. 
However, the relationship between diabetes and non- 
vascular dementia is still controversial and needs further 
studies.

T2DM is mainly characterized by insulin resistance and 
hyperinsulinemia. The inflammatory factors secreted by fat 
cells directly or indirectly act on the pancreas to inhibit insulin 
secretion by islet β cells and cause damage to islet β cells. 
These factors can aggravate insulin resistance and inflamma
tion, which can aggravate diabetes.11 Inflammation is involved 
in cognitive impairment.12 Animal studies have shown that the 
release of inflammatory cytokine high-mobility group box-1 
(HMGB1) contributes to neurodegenerative diseases.13 

Elevated brain levels of HMGB1 could induce memory 
abnormalities.14,15 However, no clinical study has reported 
the association between HMGB1 and cognitive impairment 
in diabetes patients.

Animal experiments have shown that neuroanatomical 
and neurochemical changes in brain occur in the preclini
cal stage of cognitive function disorders.16 Noninvasive 
MRI techniques, such as proton magnetic resonance spec
troscopy (1H-MRS) and resting-state functional MRI (rs- 
fMRI), are used to detect hippocampal neurochemical 
changes and functional links between brain regions.11 We 
hypothesized that the changes in cognitive function and 
magnetic resonance neurography are different depending 
on different types of diabetes. Therefore, the major aim of 
this study is to investigate the association of inflammation 
with cognitive impairments and neuroanatomical changes 
in two types of diabetes patients.

Subjects and Methods
Participants
This study was approved by the Ethics Committee of 
Henan Province People’s Hospital and was performed 
complied with the Declaration of Helsinki. All enrolled 
subjects provided written informed consent. A total of 122 

patients with T1DM (n=32) and T2DM (n=90) partici
pated in this study between January 2015 and June 2016 
based on the World Health Organization criteria for 
diabetes,17 and 117 nondiabetic control subjects were 
enrolled who matched T1DM and T2DM patients by age. 
Subjects meeting any of the following criteria were 
excluded: neurological diseases such as cerebrovascular 
diseases, brain trauma, anemia, thyroid dysfunction, alco
holism or the use of drugs affecting brain function, severe 
hypoglycemia, diabetic ketoacidosis, acute cardiovascular 
accident, pregnancy, severe vision or hearing loss, any 
contraindications for MR imaging, and left-handed 
subjects.

Measurements
Data were collected from each patient including sex, age, 
educational level, diabetes duration, smoking history and 
body mass index. Glycemic data were collected by con
tinuous glucose monitoring (CGM) for at least 72 hours 
(24 hours overnight). The mean of the daily differences 
(MODD) was considered as the mean of the absolute 
differences between glucose values on day 2 and the 
corresponding values on day 1. The mean amplitude of 
glucose excursions (MAGE) was the mean of the absolute 
differences between peak and nadir values over 24 hours.

Blood samples were collected from subjects in fasting 
state to measure glycosylated hemoglobin (HbA1c), trigly
ceride (TG), total cholesterol (TC), low-density lipoprotein 
(LDL-C), and high-density lipoprotein (HDL-C). In addi
tion, plasma HMGB1, interleukin-1β (IL-1β), interleukin- 
6 (IL-6) and tumor necrosis factor-α (TNF-α) levels were 
detected by using ELISA kit (R & D Systems, 
Minneapolis, USA).

Neuropsychological Assessment
Montreal Cognitive Assessment (MoCA) was used to 
evaluate cognitive function, including visuoconstructive 
function, executive function, learning and memory, atten
tion, language expression ability, and orientation.

MRS Imaging
Brain imaging was performed using Siemens Trio 3T 
scanner. According to the long axis of the hippocampus, 
the head, body and tail grey matter of the hippocampus 
were determined as the region of interest. Hydrogen pro
ton magnetic resonance spectroscopy was performed using 
multiple voxel acquisition methods, TR1700 ms, TE135 
ms, FOV160 mm×160 mm, voxel size: 10×10×15 mm, 
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layer thickness 1 mm, total time: 6:53. The peak height 
and the area under the peak of each of the three metabo
lites Cr, NAA and Cho were calculated.

fMRI
MRI scans were obtained on a Magnetom Trio 3.0T scan
ner (Siemens, Erlangen, Germany). Functional images 
were acquired using a gradient echo T2-weighted pulse 
sequence with TR = 2000 ms, TE = 30 ms, matrix = 64 × 
64, field of view (FOV) = 240 mm × 240 mm, slice 
thickness = 4 mm, and flip angle (FA) = 90°. Each func
tional resting-state scan lasted 7 min, and 210 volumes 
were collected.

Functional connectivity analysis was performed with 
REST as described previously.12 The representative time 
series of each region was estimated by averaging the fMRI 
time series over all voxels in the region. The model good
ness criteria were the Pearson’s correlation coefficient as 
well as the mean absolute error (MAE) between the real 
and estimated MoCA scores.

Statistical Analysis
Statistical analysis was performed with SPSS 19.0. Data with 
normal distribution were shown as mean ± standard deviation 
(±SD) and analyzed by t-test. For data without normal dis
tribution, rank-sum test was used for analysis. For counting 
data, statistical composition description was carried out using 
a composition ratio, and a chi-square test was used for 
analysis. Pearson and Spearman correlation analyses and 
multiple regression analysis were used to assess associations. 
P<0.05 indicated a significant difference.

Results
Clinical, Cognitive, Serological and MRS 
Data of T1DM and T2DM Patients
We found no significant difference in sex, highest educa
tional level, smoking history or duration of disease in 
T1DM and T2DM patients. In addition, we found differ
ences in age, body mass index (BMI) values and blood lipid 
concentrations in T1DM and T2DM patients (p<0.05).

HbA1C, MAGE and MODD were higher in T1DM 
patients than in T2DM patients (p<0.05). We observed 
that MoCA scores and IL-1β and IL-6 levels in patients 
with T2DM were higher than in T1DM patients. NAA/Cr 
and Cho/Cr of the hippocampus were higher in patients 
with T1DM than in those with T2DM. Levels of inflam
matory factors in T1DM and T2DM patients were higher 

than in nondiabetic subjects (Tables 1–3). The cognitive 
functional impairment in T1DM and T2DM patients are 
summarized in Tables 4 and 5.

Correlation of Cognitive Function with 
Clinical, Serological, and MRS Data
We found that lower MoCA was related to higher MAGE 
(p<0.05) and lower MoCA was related to lower NAA/Cr (L) 
(p<0.05) in T1DM and T2DM patients. In addition, NAA/ 
Cr was negatively correlated with MAGE and HMGB1 in 
T2DM patients but not in T1DM patients. Furthermore, 
a negative association was found between MODD and 
NAA/Cr (L) in T1DM patients (p<0.05) (Tables 6 and 7). 
Moreover, MoCA scores were negatively correlated with 
HbA1c and positively correlated with education in T1DM 
and T2DM patients. MoCA scores of T2DM patients were 
negatively correlated with age and BMI.

Multiple Regression Analysis of Cognition 
and Risk Factors
Using the MoCA score as the dependent variable, non
linear regression analysis showed that cognition was 

Table 1 Demographic, Clinical, Cognitive, Serological, and MRS 
Data of Patients with T1DM and T2DM

Parameter T1DM (n=32) T2DM (n=90) p

Age (years) 32.82±10.58 58.61±8.03 0.000*

Sex (men/women) 17/13 43/47 1.000

Education (years) 11.07±3.44 12.01±1.79 0.088
Smoking (%) 33.3% 36.7% 0.080

Duration of disease 9.2±6.0 9.37±5.0 0.881

BMI (kg/m2) 21.69±2.67 25.87±3.87 0.000*
TC (mmol/l) 4.2±1.05 4.50±1.16 0.220*

TG (mmol/l) 1.09(0.71,2.40) 2.18±1.05 0.042*
HDL-C (mmol/l) 1.18±0.42 0.96±0.23 0.010*

LDL-C (mmol/l) 2.12±0.72 2.53±0.87 0.018*

HMGB1 (ng/mL) 4.36±2.05 4.99±2.26 0.174
IL-1β (pg/mL) 147.93±39.58 169.39±40.09 0.012*

TNF-α (pg/mL) 57.88±27.37 57.94±22.81 0.992

IL-6 (pg/mL) 33.47±13.74 39.34±8.39 0.034*
HbA1C (%) 9.44±2.41 8.33±1.61 0.014*

MAGE 6.20±2.24 4.39±1.48 0.000*

MODD 3.87±1.58 1.88±0.96 0.000*
MoCA 26.37±1.69 25.29±2.83 0.014*

NAA/Cr (L) 1.27±0.45 1.06±0.23 0.002*

Cho/Cr (L) 1.09±0.34 0.96±0.23 0.031*
NAA/Cr (R) 1.27±0.73 1.08±0.27 0.006*

Cho/Cr (R) 1.30±0.72 0.96±0.22 0.000*

Note: * <0.05 comparing T1DM patients with T2DM.
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associated with MAGE, MODD, NAA/Cr of the left hip
pocampus and HMGB1 in T1DM patients, after adjust
ment for age, sex, BMI and other co-variables. In T2DM 
patients, cognitive impairment was related to MAGE, 
NAA/Cr of the left hippocampus, HMGB1 and IL-6, 
after adjustment for co-variables such as sex, age 
and BMI.

Discussion
In this study, we compared cognitive function impairment 
in patients with type 1 and type 2 diabetes. Cognitive 
functional impairment involves visual-spatial ability and 
delayed memory in T1DM patients, whereas cognitive 
functional impairment in T2DM patients involves visual- 
spatial ability, delayed memory, and decreased attention. 
Our results are different from previous findings that 

Table 2 Demographic, Clinical, Cognitive, Serological, and MRS 
Data of Patients with T1DM and Control

Parameter T1DM (n=32) Control (n=36) p

Age (years) 32.82±10.58 27.69±9.85 0.067

Sex (men/women) 17/13 16/20 0.928

Education (years) 11.07±3.44 11.28±5.22 0.850
Smoking (%) 33.3% 19.4% 0.199

BMI (kg/m2) 21.69±2.67 22.09±2.73 0.549

TC (mmol/l) 4.2±1.05 4.63±1.02 0.102
TG (mmol/l) 1.09(0.71,2.40) 1.0(0.69,1.83) 0.294

HDL-C (mmol/l) 1.18±0.42 1.22±0.23 0.619
LDL-C (mmol/l) 2.12±0.72 2.57±0.76 0.018*

HMGB1 (ng/mL) 4.36±2.05 3.23±1.50 0.015*

IL-1β (pg/mL) 147.93±39.58 118.66±41.10 0.005*
TNF-α (pg/mL) 57.88±27.37 44.74±17.26 0.027*

IL-6 (pg/mL) 33.47±13.74 23.32±8.94 0.001*

HbA1C (%) 9.44±2.41 –
MAGE 6.20±2.24 –

MODD 3.87±1.58 –

MoCA 26.37±1.69 27.47±1.38 0.005*
NAA/Cr (L) 1.27±0.45 1.67±0.63 0.011*

Cho/Cr (L) 0.87±0.23 0.93±0.26 0.568

NAA/Cr (R) 1.27±0.73 1.75±1.45 0.155
Cho/Cr (R) 0.91±0.22 0.94±0.16 0.137

Note: *p<0.05 comparing T1DM patients with controls.

Table 3 Demographic, Clinical, Cognitive, Serological, and MRS 
Data of Patients with T2DM and Control

Parameter T2DM (n=90) Control (n=81) p

Age (years) 58.61±8.03 57.19±8.07 0.251
Sex (men/women) 43/47 38/43 0.910

Education (years) 12.01±1.79 11.21±3.03 0.059

Smoking (%) 36.7% 39.5% 0.703
BMI (kg/m2) 25.87±3.87 24.91±3.76 0.146

TC (mmol/l) 4.50±1.16 4.71±0.81 0.169

TG (mmol/l) 2.18±1.05 2.04±0.99 0.375
HDL-C (mmol/l) 0.96±0.23 1.03±0.38 0.357

LDL-C (mmol/l) 2.53±0.87 2.37±0.68 0.052

HMGB1 (ng/mL) 4.99±2.26 3.39±1.60 <0.001*
IL-1β (pg/mL) 169.39±40.09 118.93±31.00 <0.001*

TNF-α (pg/mL) 57.94±22.81 20.36±6.72 <0.001*
IL-6 (pg/mL) 39.34±8.39 41.83±14.57 <0.001*

HbA1C (%) 8.33±1.61 5.13±0.38 <0.001*

MAGE 4.39±1.48 –
MODD 1.88±0.96 –

MoCA 25.29±2.83 27.03±1.55 <0.001*

NAA/Cr (L) 1.06±0.23 1.59±0.20 0.001*
Cho/Cr (L) 0.97±0.23 1.35±0.63 0.247

NAA/Cr (R) 1.08±0.27 1.63±0.30 0.001*

Cho/Cr (R) 0.96±0.22 1.42±0.74 0.588

Note: *p<0.05 T2DM patients with controls.

Table 4 Comparison of MoCA Scores in Patients with T1DM 
and NC

T1DM 
Average 
Level

NC 
Average 
Level

Standard 
Error

p

Visual space and 
execution 

capability

78.25 95.84 289.808 0.042*

Naming 82.69 89.09 201.447 0.162
Attention 80.26 97.92 295.121 0.429

Language ability 81.64 92.01 278.632 0.785

Abstract ability 82.36 92.88 203.407 0.214
Delayed recall 78.66* 98.77 285.352 0.032*

Directional force 79.41 96.41 152.771 0.407

Note: * p<0.05.

Table 5 Comparison of MoCA Scores in Patients with T2DM 
and NC

T2DM 
Average 
Level

NC 
Average 
Level

Standard 
Error

p

Visual space and 

execution 

capability

77.93 94.02 296.878 0.022*

Naming 81.56 88.94 211.632 0.093

Attention 77.63 94.35 295.121 0.016*
Language ability 80.71 90.89 288.544 0.135

Abstract ability 81.49 90.01 234.441 0.124

Delayed recall 76.72 95.38 305.731 0.010*
Directional force 85.17 85.88 186.224 0.872

Note: *p<0.05.
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memory decrements are not commonly found in type 1 
diabetes. However, a previous study showed that T1DM 
patients had cognitive functional impairment in the early 
stage of the disease,18 which was consistent with the pre
sent study. In T2DM patients, cognition is characterized by 
slow information processing and diminished memory, 
attention and executive function. In addition, by respective 
comparisons with nondiabetic control subjects, we found 

that cognitive impairment in T1DM patients and T2DM 
patients had clinical significance.

fMRI is widely used in investigating neuropsychiatric 
diseases including dementia.19 Patients with DM had 
reduced functional connectivity in the ventral attention 
network area, but there was no significant change in func
tional connectivity in DM patients without microvascular 
disease.20 The frontal lobe cortex is the structural basis of 
spatial and logical reasoning and contains extensive con
tact fibers in the anterior region, which are related to 
memory and judgment.21 The parietal cortex is involved 
in spatial attention, and the occipital lobe is related to 
visuospatial ability.22 The changes in connectivity between 
the hippocampus and multiple brain regions may be the 
structural basis for cognitive impairment. In this study, 
compared with T1DM patients, T2DM patients have 
decreased attention, and this may be related to decreased 
connectivity of the hippocampus to the parietal lobe, 
which is associated with attention.

The hippocampus is highly susceptible to IL-6, which can 
reduce synaptic plasticity by inhibiting learning and memory 
functions in the hippocampus. IL-6 can cause neuroinflam
mation and damage the myelin structure of the nerves. In the 
middle-aged population, subjects with high plasma IL-6 level 
had an increased risk of cognitive dysfunction.23 In people 
with a family history of AD, inflammatory factor levels 
began to rise before cognitive dysfunction in middle age.24 

Table 6 The Association Between Cognition and Glucose 
Viability, Serological, and MRS Data

Parameter T1DM T2DM

r p r p

Age −0.321 0.083 −0.212 0.045*
Years of education 0.788 0.000* 0.458 0.001*

BMI −0.302 0.105 −0.390 0.001*

HbA1c −0.505 0.004* −0.667 0.001*
MAGE −0.425 0.019* −0.422 0.003*

MODD −0.193 0.306 −0.431 0.002*

HMGB1 −0.090 0.635 −0.445 0.012*
Il-1β 0.064 0.738 −0.266 0.051

IL-6 −0.052 0.787 −0.421 0.013*

TNF-α 0.051 0.790 −0.232 0.082
NAA/Cr (L) 0.384 0.047* 0.768 0.001*

Cho/Cr (L) 0.156 0.488 0.332 0.055

NAA/Cr (R) 0.295 0.183 0.705 0.001*
Cho/Cr (R) −0.173 0.442 0.161 0.129

Note: *p<0.05.

Table 7 The Association Between MRS Data and Glucose Viability and Serological Data

NAA/Cr (L) Cho/Cr (L) NAA/Cr (R) Cho/Cr (R)

r P r P r P r p

T1DM

HbA1C 0.170 0.451 −0.208 0.352 0.231 0.301 0.108 0.634

MAGE −0.231 0.301 0.030 0.893 −0.386 0.092 0.229 0.306
MODD −0.476* 0.025 −0.174 0.439 −0.068 0.762 0.204 0.363

HMGB1 −0.394 0.069 0.040 0.861 −0.053 0.816 0.240 0.282

Il-1β −0.012 0.580 0. 663 0.331 −0.316 0.089 −0.642 0.091
IL-6 −0.043 0.189 0.141 0.163 0.469 0.509 0.431 0.122

TNF-α 0.001 0.371 0.255 0.825 −0.062 0.744 −0.593 0.431

T2DM

HbA1C 0.760* 0.023 −0.051 0.588 0.834 0.069 0.744 0.085

MAGE −0.574* 0.001 0.164 0.121 0.752* 0.001 0.092 0.389
MODD −0.367 0.062 −0.334 0.591 −0.271 0.083 0.006 0.092

HMGB1 −0.214* 0.043 0.239 0.023 −0.626* 0.001 0.256 0.015
Il-1β −0.331 0.074 −0.324 0.235 −0.017 0.940 −0.223 0.319

IL-6 −0.170 0.369 0.497 0.325 −0.299 0.177 −0.105 0.643

TNF-α −0.232 0.218 −0.372 0.121 −0.053 0.814 0.120 0.594

Note: *p<0.05.
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In this study, IL-6 and IL-1β levels were higher in patients 
with T2DM than in those with T1DM. Therefore, obesity 
may aggravate chronic inflammatory response in T2DM 
patients and accelerate cognitive dysfunction.

Our study has some limitations. First, the age of T2DM 
patients was older than that of T1DM patients, which may 
cause a potential bias. Second, we used MoCA, which is only 
a screener. Third, this study is a cross-sectional study that 
cannot determine the causality between cognition and inflam
mation factors in patients with diabetes. Therefore, age- 
matched cohort studies are required to confirm our results.

In conclusion, T1DM patients showed decreased visual- 
spatial and executive ability and delayed memory, while 
T2DM patients had decreased visual-spatial and executive 
ability, and reduced memory and attention. Furthermore, 
inflammation is closely related to cognitive impairment in 
diabetes patients and is more aggressive in T2DM patients.
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