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Purpose: Diabetic retinopathy (DR) can increase the risk of mild cognitive impairment

(MCI), which has been confirmed by previous researches. With the frequent occurrence of

MCI in patients with DR, the early detection of MCI has become a research hot-spot. The

aim of this study was to investigate the relationship between neuron-specific enolase (NSE)

and MCI in patients with DR.

Patients and Methods: A total of 124 patients with DR, including 56 MCI patients and 68

normal cognition patients, were recruited in this cross-sectional study. The demographic and

clinical data of patients were collected through questionnaires. Serum NSE was measured

using electrochemiluminescence immunoassay. The Minimum Mental State Examination

(MMSE) scale was used to evaluate the cognitive function of the participants.

Results: Compared with the normal cognition group, serum NSE levels and HbA1c levels in

the MCI group were higher, while MMSE scores and educational level were lower (P<0.05).

Serum NSE levels were significantly negatively correlated with MMSE total score, attention

and calculation score, and language score (P<0.05). After adjusting for confounding factors,

serum NSE still increased the MCI risk in DR patients (OR:1.606, 95CI%:1.264–2.041,

P<0.001). The areas under the receiver operating characteristics (ROC) curves (AUC) of the

crude model and the adjusted model were 0.75 and 0.73, respectively.

Conclusion: A high serum NSE level is an independent risk factor for MCI in DR patients.

In addition, serum NSE is expected to be a potential biomarker in DR patients with MCI.

Keywords: neuron-specific enolase, mild cognitive impairment, type 2 diabetes mellitus,

diabetic retinopathy

Introduction
According to statistics, there are about 50 million dementia patients around the

world as of 2018. At present, one trillion dollars are used for the treatment of

dementia patients, and the number will rise to two trillion dollars by 2030.1

Dementia has caused tremendous pressure on the families and the society all over

the world and has become an important disease that should not be overlooked. Mild

cognitive impairment (MCI) is a transitional stage between normal aging and

dementia and is also considered as a risk factor for dementia.2 Therefore, timely

identification of MCI may be helpful to prevent dementia. Diabetic retinopathy

(DR) is the most common microvascular complication of type 2 diabetes mellitus

(T2DM) and the main cause of blindness in patients with T2DM. A recent cohort

study based on 682 participants found that patients with any DR had twice the risk
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of developing cognitive impairment as those without DR.

Surprisingly, this risk was three times higher in patients

with moderate and severe DR than in those without DR.3

Based on these findings, more attention should be paid to

the screening and intervention of mild cognitive impair-

ment in T2DM patients with DR.

Neuron-specific enolase (NSE), a glycolytic enzyme, is

located in the neurons and neuroendocrine cells, its physio-

logical role is to regulate the growth and development of

nerve cells.4 Interestingly, researchers found high levels of

NSE in the serum of DR patients, and the levels of NSE

were closely related to the severity of DR.5 Consistent with

this, Asadova and his colleagues reported that compared

with the control group, NSE was significantly increased in

the serum and vitreous of patients with proliferative dia-

betic retinopathy (PDR).6 However, the cause of elevated

serum NSE levels in DR patients remains unknown. Levels

of NSE in serum and cerebrospinal fluid (CSF) are posi-

tively correlated with the damage of neurons, which can

indirectly indicate the degree of nervous system injury.4

Therefore, it is considered as a sensitive marker of neuronal

injury in many nervous system diseases. A vast number of

studies have proved that excessive NSE levels are closely

related to post-operative cognitive decline (POCD) in the

elderly.7–9 Hence, this biomarker is expected to be a good

indicator of mild cognitive impairment in patients with

diabetic retinopathy.

Given that there is no study on the relationship

between NSE and MCI in DR patients. The purpose of

the present study was to clarify the association between

serum NSE levels and MCI in Chinese DR patients.

Patients and Methods
Subjects
We recruited 124 T2DM patients with diabetic retinopathy

who were treated in the endocrinology department of the

First Affiliated Hospital of Harbin Medical University

between March 2018 and February 2019. The diagnosis

of T2DM in the subjects was consistent with the 1999

WHO diagnostic criteria.10 Each subject was examined

by a clinical ophthalmologist with the use of an ophthal-

moscope. The diagnosis and staging of DR were defined

by fluorescein fundus angiography (FFA). Subjects who

met any of the following conditions were excluded: (1)

acute inflammatory diseases and autoimmune disease; (2)

acute complications of diabetes mellitus; (3) neurological

diseases that cause cognitive impairment (4) other ocular

conditions that affect visual function; (5) patients with

lung cancer, liver dysfunction, cardiac and respiratory fail-

ure; (6) patients with alcoholism and drug abuse; (7)

patients with incomplete information. This study was

approved by the Ethics Committee of the First Affiliated

Hospital of Harbin Medical University and followed the

Declaration of Helsinki and STARD guidelines. Written

Informed consent was obtained from all participants.

Clinical Data Collection
A standard questionnaire was used to collect the informa-

tion about age, diabetes duration, education level, lifestyle

risk factors, medical history, diabetic complications, and

diabetes therapy. BMI was calculated as weight (kg)

divided by the square of height (m2). Laboratory tests of

fasting blood sample were performed using standard bio-

chemical analysis methods, which included glycosylated

hemoglobin A1c (HbA1c), fasting C-peptide, total choles-

terol (TC), triglycerides (TG), high density lipoprotein

(HDL), low density lipoprotein (LDL), NSE, uric acid

(UA), blood urea nitrogen (BUN) and creatinine (Cr).

Cognitive Function Assessment
The diagnosis of MCI was based on the MCI diagnostic

guidelines developed by the National Institute on Aging and

the Alzheimer’s Association workgroups:11 (1) a decline in

cognition corroborated by an informant or a clinician; (2)

objective evidence of Impairment in one or more cognitive

domains, which was assessed by Mini-Mental State

Examination (MMSE) in this present study; (3) preserva-

tion of independence in daily life; (4) not demented.

All subjects were tested with the MMSE scale. The

MMSE scale can detect seven cognitive domains including

orientation, registration, attention and calculation, recall,

language, and visuospatial function.12 MCI is identified

when an MMSE score is less than 27 and greater than 23.

Statistical Analysis
Statistical analysis was performedwith SPSS version 25.0 and

R software. The normally distributed variableswere expressed

as mean ± standard deviation and were compared by t-test.

The skewed variables were expressed as medians and were

compared by using theMann–WhitneyU-test. Chi-square test

was used to compare categorical variables. The relationship

between the serum NSE levels and MMSE scores was exam-

ined by Spearman correlation analysis, partial correlation ana-

lysis, and linear regression analysis. Logistic regression

analysis was used to explore the association between NSE
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and MCI in DR patients. Regression analysis with interaction

term was used to investigate the effects of other variables on

a relationship between NSE and MCI. The receiver operating

characteristics (ROC) curve was constructed to evaluate the

discrimination of NSE forMCI. The optimal cut-off point was

determined by the maximum Youden index. A P-value <0.05

was regarded as statistically significant.

Results
Baseline Characteristics
The clinical and biochemical characteristics of the subjects

are shown in Table 1. There were 56 people in the MCI group

(23%PDR, 34 men and 22 women) and 68 people in the

normal cognition group (21%PDR, 39 men and 29 women).

Compared with the normal cognition group, the patients in

the MCI group had higher levels of HbA1c and NSE but had

a lower education level and MMSE total score (P< 0.01). In

addition, the scores of orientation, registration, attention and

calculation, recall, and language in the MCI group were

significantly lower than those in the normal cognition group

(P < 0.01). The two groups were similar in age, disease

duration, BMI, fasting C-peptide, TC, TG, HDL, LDL, UA,

Cr, and BUN (P>0.05). There were no significant differences

between the two groups in diabetes treatment and the

Table 1 Clinical and Biochemical Characteristics Between DR Patients with Normal Cognition and DR Patients with MCI

Variables NCF Group (N=68) MCI Group (N=56) P-value

Age (years) 55.50 (50.25–63.00) 57.50 (48.50–62.75) 0.964

Sex (Male,%) 39 (57.3%) 34 (60.7%) 0.705

Duration of DM (years) 10.00 (7.00–15.75) 13.00 (5.00–17.00) 0.466

Current smoking (%) 26 (38.2%) 19 (33.9%) 0.620

Habitual alcohol drinking (%) 28 (41.1%) 24 (42.8%) 0.850

BMI (kg/m2) 25.62 ± 2.47 25.64 ± 2.86 0.976

TG (mmol/L) 1.83 (1.23–2.65) 2.13 (1.49–3.24) 0.073

NSE (ng/mL) 11.80 (10.15–13.88) 14.55 (12.00–17.57) <0.001

Fasting C-peptide(ng/mL) 1.20 (0.90–1.70) 1.40 (0.73–2.00) 0.796

HbA1C(%) 8.39 ± 1.45 9.42 ± 2.16 0.002

TC (mmol/L) 4.87 (4.28–5.67) 5.33 (4.57–6.39) 0.083

HDL (mmol/L) 1.21 (1.10–1.38) 1.28 (1.13–1.52) 0.173

LDL (mmol/L) 2.82 (2.34–3.20) 2.97 (2.65–3.50) 0.113

UA (umol/L) 310.60 (272.30–379.68) 322.25 (262.15–407.38) 0.984

Cr (umol/L) 60.85 (48.90–73.83) 62.35 (51.25–69.85) 0.898

BUN (mmol/L) 5.84 ± 1.61 6.15 ±1.99 0.340

Education level (years) 12.00 (9–15) 9.00 (7.13–12.00) 0.001

MMSE total score 28.00 (27.00 −29.00) 25.00 (25.00–26.00) <0.001

MMSE orientation score 10.00 (9.25–10.00) 10.00 (9.00–10.00) 0.003

MMSE registration score 3.00 (3.00–3.00) 2.00 (2.00–3.00) <0.001

MMSE attention and calculation score 5.00 (4.00–5.00) 4.00 (3.00–4.00) <0.001

MMSE recall score 3.00 (2.25–3.00) 2.00 (2.00–3.00) <0.001

MMSE language score 8.00 (8.00–9.00) 7.00 (7.00–8.00) <0.001

History of hypertension(%) 30 (44.1%) 26(46.4%) 0.797

Lower limb atherosclerosis (%) 54 (79.4%) 49 (87.5%) 0.232

Carotid atherosclerosis (%) 48(70.6%) 41 (73.2%) 0.746

Diabetic peripheral neuropathy(%) 11 (16.2%) 16 (28.5%) 0.096

PDR(%) 21 (30.8%) 23 (41.0%) 0.238

Diabetic nephropathy (%) 16 (23.5%) 18 (32.1%) 0.285

Insulin use (%) 60 (88.2%) 50 (89.2%) 0.854

Metformin use (%) 43 (63.2%) 34 (60.7%) 0.773

Acarbose use (%) 9 (13.2%) 6 (10.7%) 0.668

DPP-4 inhibitor use (%) 24 (35.2%) 21 (37.5%) 0.799

Statins use (%) 33 (48.5%) 33 (58.9%) 0.248

Abbreviations: DR, diabetic retinopathy; NCF, normal cognitive function; MCI, mild cognitive impairment; DM, diabetesmellitus; BMI, body mass index; TG,

triglyceride; NSE, neuron-specific enolase; HbA1c, hemoglobin A1c; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; UA, uric

acid; Cr, creatinine; BUN, blood urea nitrogen; MMSE, Minimum Mental State Examination; PDR, proliferative diabetic retinopathy.
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incidence of hypertension, lower limb atherosclerosis, carotid

atherosclerosis, diabetic peripheral neuropathy, diabetic

nephropathy and proliferative diabetic retinopathy (P>0.05).

Associations Between Serum NSE Levels

and MMSE Scores
The Spearman correlation analysis demonstrated that serum

NSE was significantly negatively correlated with MMSE

scores, including total score (r=−0.421, P<0.001), registration
score (r=−0.237, P=0.008), attention and calculation score

(r=−0.294, P=0.001), and language score (r=−0.198,
P=0.028). After adjusting age, sex, education level, and

HbA1c, the associations between MMSE total score

(r=−0.380, P<0.001), attention and calculation score

(r=−0.272, P=0.003), and serum NSE were attenuated, while

the association between language score and serum NSE was

enhanced (r= −0.222, P=0.015). However, serum NSE levels

did not correlate with the registration score (p>0.05). Linear

regression analysis showed that after adjustments for age, sex,

education level, and HbA1c, serum NSE was remained nega-

tively correlated with MMSE total score (β=−0.15, P<0.001),
attention and calculation score (β=−0.06, P=0.003), and lan-

guage score (β=−0.042, P=0.015). (Table 2).

Associations Between Serum NSE Levels

and MCI
The associations between the serum NSE and MCI were

summarized in Table 3. Univariate logical analysis indicated

that high levels of NSEwere correlatedwith an increased risk

of cognitive impairment in patients with DR. Multivariate

logistic regression analysis confirmed that the odds ratios

(ORs) for MCI were 1.427 (95% CI: 1.219–1.669,

P<0.001) in the Model 2 adjusted for age and sex, 1.455

(95% CI: 1.210–1.749, P<0.001) in the Model 3 adjusted for

age, sex, diabetes duration, education level, HbA1c, BMI,

TC, fasting C-peptide and UA. Further adjustment for life-

style risk factors, history of hypertension, diabetic complica-

tions, and diabetes therapy (Model 4), the OR for MCI was

1.606 (95CI%: 1.264–2.041, P<0.001). These data suggested

that the association between serum NSE and MCI was

independent.

As shown in Table 4, diabetes duration, the increase in

HbA1c, the degree of DR, and the occurrence of DPN

were not modifiers of the association between NSE and

MCI. (P >0.05 for interaction).

Parameters for Diagnosing MCI
The area under the ROC curve (AUC) of the crude model

was 0.75 (95% CI:0.667–0.836, P<0.001) and the AUC of

the adjusted model was 0.73 (95% CI:0.645 −0.819,
P<0.001). The optimal cut-off point for serum NSE to diag-

nose MCI was 11.4 (sensitivity: 92.9%, specificity: 47.1%).

The positive and negative predictive values were 59.1% and

88.9%, respectively. The positive and negative likelihood

ratios were 1.756 and 0.151, respectively. (Figure 1).

Discussion
Up to now, the studies on the correlation between serum NSE

and MCI are very limited. To our knowledge, there have

been no studies on the association between serum NSE levels

and MCI in DR patients. The main finding in this study was

that high levels of serum NSE led to an increased risk of MCI

in DR patients, particularly with poor performance in atten-

tion, calculation, and language. It is noteworthy that this

association was not affected by other potential factors.

Normally, the NSE levels are very low in the serum.

But when the nerve cells are damaged by ischemia,

hypoxia or hypoperfusion, NSE can be released from the

cells in large quantities and then enters the blood circula-

tion through an injured blood-brain barrier, resulting in

Table 2 Associations Between Serum NSE Levels and MMSE Scores

Variables Spearman Correlation

Analysis

Partial Correlation

Analysis

Linear Regression Analysis

r P-value r P-valuea Β(95% CI) P-valuea

MMSE total score −0.421 <0.001 −0.380 <0.001 −0.150(−0.217– −0.083) <0.001

MMSE orientation score −0.126 0.162 −0.154 0.093 −0.026(−0.057–0.004) 0.093

MMSE registration score −0.237 0.008 −0.101 0.274 −0.013(−0.035–0.01) 0.274

MMSE recall score −0.117 0.197 −0.050 0.587 −0.007(−0.031–0.017) 0.587

MMSE attention and calculation score −0.294 0.001 −0.272 0.003 −0.060(−0.099– −0.021) 0.003

MMSE language score −0.198 0.028 −0.222 0.015 −0.042(−0.076– −0.008) 0.015

Notes: aAdjusted for age, sex, education level,and HbA1c.

Abbreviations: NSE, neuron-specific enolase; MMSE, Minimum Mental State Examination.
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elevated NSE levels in the blood.13 Therefore, serum NSE

can sensitively reflect the damage of neurons and brain

tissue. Injury of neurovascular units is one of the main

pathological mechanisms of diabetic cognitive impair-

ment. Imaging evidence showed that white matter hyper-

intensities (WMH) in patients with type 2 diabetes were

associated with cognitive dysfunction.14 WMH is recog-

nized as a marker of cerebral microvascular disease.

Cerebral microvascular damage caused by diabetes may

increase the susceptibility of neurons to ischemia and

hypoxia, which eventually leads to neuron apoptosis.15

As we all know, DR is a neurovascular disease.16

Importantly, high glucose-induced retinopathy is strongly

related to brain microvasculature.3 Retinal injury may

cause cerebral arteriovenous shunt, resulting in malnutri-

tion of nerve tissue and reduction of cerebral blood flow.

This may make neurons more vulnerable to injury caused

by ischemia and hypoxia.16 It is urgent to find an effective

marker to screen cognitive impairment in DR patients.

In this study, we found that the serum NSE levels of

patients in the MCI group were significantly higher than

those in the normal cognition group. Moreover, high levels

of serum NSE were associated with the risk of MCI among

patients with DR. It is worth noticing that a previous study

confirmed that serum NSE levels were associated with

DPN.17 Given that the increase in serum NSE may be

caused by many reasons,18 which may affect the relation-

ship between NSE and MCI, we ran sensitivity analysis to

test the robustness of the relationship between serum NSE

and MCI. However, there were no statistically significant

interactions between NSE and the relevant subgroups. This

may indicate that the diabetes duration, the increase in

HbA1c, the degree of DR, and the occurrence of DPN

do not affect the relationship between serum NSE and

MCI. These findings were similar to previous studies.

Baranyi and Jones found that high levels of serum NSE

were closely related to cognitive impairment in the elderly

after surgery.7,8 Schmidt et al found significantly increased

NSE in the CSF of Alzheimer’s disease (AD) patients, and

NSE was positively correlated with tau.19 Tau hyperpho-

sphorylation, an important pathological feature of AD,

which may lead to cognitive dysfunction.20 Tau hyperpho-

sphorylation has also been confirmed to be involved in the

occurrence of diabetic cognitive dysfunction.21 Based on

these findings, NSE may be associated with cognitive

impairment, but the underlying mechanism of this relation-

ship is unclear. Further researches based on human and

animal models are helpful to elucidate the molecular

mechanism between the two. In addition, the present

study has shown that serum NSE can highly sensitively

identify MCI in patients with DR. Therefore, serum NSE

may be a powerful biomarker for predicting MCI in

patients with DR.

Although diabetes has been proved to be related to

cognitive impairment, the relationship between HbA1c

and cognitive impairment is still controversial. An epide-

miological study from Denmark showed that high HbA1c

levels increased the risk of cognitive impairment.22

Furthermore, another study from Japan also confirmed

that there was a potential trend of association between

high HbA1c and cognitive impairment in elderly people

with T2DM.23 In line with this, this study found that the

Table 3 Associations Between Serum NSE Levels and MCI

OR 95% CI P-value

Model 1 1.428 1.220 −1.671 <0.001

Model 2 1.427 1.219–1.669 <0.001

Model 3 1.455 1.210–1.749 <0.001

Model 4 1.606 1.264–2.041 <0.001

Notes: Model 1: Crude model; Model 2: adjusted for age and sex; Model 3: Model

2 +duration of DM, HbA1c,education level,BMI, UA, TC, and fasting C-peptide;

Model 4: Model 3+current smoking, habitual alcohol drinking, insulin use, metfor-

min use, statins use, carotid atherosclerosis, diabetic nephropathy, and diabetic

peripheral neuropathy.

Abbreviations: NSE, neuron-specific enolase; MCI, mild cognitive impairment;

DM, diabetes mellitus; HbA1c, hemoglobin A1c; BMI, body mass index; UA, uric

acid; TC, total cholesterol.

Table 4 Effects of Other Variables on the Relationship Between

NSE and MCI

Characteristic N OR 95% CI P-value for

Interaction

Diabetes Duration (Years)

<10 50 1.426 1.127–1.804 0.934

≥10 74 1.445 1.166–1.791

HbA1c (%)

<7 22 1.307 0.896–1.908 0.745

7–9 47 1.424 1.110–1.827

≥9 55 1.567 1.172–2.094

Degree of DR

NPDR 80 1.415 1.171–1.710 0.831

PDR 44 1.469 1.104–1.953

DPN

No 97 1.441 1.199–1.731 0.993

Yes 27 1.443 1.021–2.040

Abbreviations: NSE, neuron-specific enolase; MCI, mild cognitive impairment;

HbA1c, hemoglobin A1c; DR, diabetic retinopathy; NPDR, non-proliferative dia-

betic retinopathy; PDR, proliferative diabetic retinopathy; DPN, diabetic peripheral

neuropathy.
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participants in the MCI group had higher HbA1c levels

than those in the control group. These reports suggest that

strict control of blood glucose levels is helpful to delay

cognitive impairment. However, researchers found that

there was no correlation between high HbA1c levels and

cognitive impairment in elderly T2DM patients from

southern China.24 A study based on Korean elderly

patients with T2DM showed that the average blood glu-

cose levels were not related to cognitive decline.25 This

contradiction may be due to the different countries, races

and wealth levels of the subjects. In addition, there are

currently no studies to discuss the relationship between

HbA1c and cognitive impairment in the DR population.

Longitudinal studies with larger sample sizes will be

needed to clarify this potential link.

There are some deficiencies in this study. First, due to the

cross-sectional nature of the study, the causal relationship

between serum NSE and MCI cannot be inferred. Second,

insufficient sample size and a single race may limit the appli-

cation of this finding in other populations. Third, although

MMSE scale is a widely used screening tool for cognitive

impairment, it does not have enough sensitivity and specificity

to identify MCI.26 In addition, MMSE score is easily affected

by age and education level. Finally, no follow-up is designed

in this study, and an additional follow-up period may be

beneficial to further improve the relevant studies.

Conclusion
In conclusion, this study demonstrates that high levels of

serum NSE are independently associated with MCI in

patients with DR. Serum NSE is a potential predictor of

MCI among DR patients.
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