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Aim: The aim of this study was to investigate whether elderly people with impaired fasting 

glucose (IFG) or diabetes mellitus (DM) share the common risk factors for cognitive impairment 

as compared to normal blood glucose population.

Methods: This cross-sectional study assessed 10,039 community-dwelling participants aged ≥ 

55 years in Beijing, China. According to the glycemic status, subjects were classified into three 

groups: normal fasting plasma glucose (NG, n=6399), impaired fasting glucose (IFG, n=873) 

and DM (n=2626). The Mini-Mental State Examination (MMSE) was applied to evaluate the 

cognitive function status of the study population. Potential demographic, clinical, and genetic 

risk factors for cognitive impairment were collected and compared across the three groups. 

Multivariate logistic regression model was performed to explore the risk factors associated 

with cognitive impairment.

Results: Education-modified MMSE scores in the participants with NG, IFG, and DM were 

26.91±3.94, 26.67±4.00, and 26.58±4.11, respectively (P=0.0008). In the age- and sex-adjusted 

comparisons, the MMSE scores in subjects with DM and IFG were significantly lower than 

that in subjects with normal glucose (P=0.01 and P=0.02, respectively). The logistic regression 

analysis showed that risk factors only in the NG population were older age, female, apoEε4 

carrier, normal or lower uric acid (UA) levels. Hypertension was an independent risk factor 

only in IFG group, and the history of stroke and depression were the risk factors associated 

with cognitive impairment only in the DM group.

Conclusion: Subjects with DM or IFG had a lower performance on the MMSE test compared 

with subjects who had normal blood glucose. The elderly with diabetes and IFG have some 

different risk factors for cognitive impairment as compared to those with normal blood glucose.

Keywords: cognition, pre-diabetes, dementia, cognitive decline, Mini-Mental State Examination

Introduction
Impairment of blood glucose level in old age is a very common phenomenon world-

wide.1,2 At the same time, age-associated cognitive decline is another major health issue 

in old age.3 Moreover, with the population rapidly aging in China, these health issues 

could represent a major threat to the public health, in particular, given the increasing 

notion that altered blood glucose could lead to cognitive impairment in old age, which 

is also known to be early sign of dementia.4,5

Majority of the past studies have centered their focus on the impact of diabetes 

mellitus (DM) on cognitive decline in old age. However, a large portion of older 

adults in the community are known to have impaired fasting glucose (IFG) only 

(ie, with pre-diabetes).1 To our knowledge, studies investigating the association of 
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IFG and cognitive impairment in the community-dwelling 

older Chinese population are sparse. Even among those few 

studies across the globe, results remain controversial.4,6,7 For 

instance, a study has shown pre-diabetic women to have 

impaired cognitive performance with greater risk of devel-

oping cognitive impairment.8 While another population-

based cohort study has suggested that DM but not IFG to 

be associated with a higher decline of cognitive functions.9 

The controversy is possibly due to methodological limita-

tions including low sample size and the lack of diversity 

of selected participants. Furthermore, since older people 

with DM and IFG are particularly vulnerable to cognitive 

impairment, it is even more critical to identify those at high 

risk and the specific risk factors. Such findings could play 

an extremely important role to reduce the increasing burden 

of cognitive decline (including conditions such as dementia) 

in the Chinese community.

Therefore, we ought to investigate the association 

between elevated blood glucose level and cognitive impair-

ment in a large representative community-dwelling Chinese 

older population. The objective of our study was to examine 

if the cognitive function of the elderly subjects with DM 

and IFG is worse than that of the elderly with normal blood 

glucose, and whether these population with elevated blood 

glucose share common risk factors as normal blood glucose 

population.

Materials and methods
Materials
The data for this article were obtained from the Beijing 

Longitudinal Study of Aging II study, which was initiated 

in 2009.10 A multistage cluster random sampling method 

was performed to select a representative community cohort. 

Long-term residents with age ≥55 years in each household 

were randomly selected from three urban districts and one 

rural county in Beijing.11 Total number of elderly people 

recruited was 10,039 from 11,214 community-living par-

ticipants. Two follow-up studies were performed in 2010 and 

2013. However, the follow-up study in 2013 included only 

participants living in urban areas. For this current analysis, 

9,898 subjects with valid Mini-Mental State Examination 

(MMSE) and measures for serum glucose scores were 

included.

This study was conducted in accordance with the Dec-

laration of Helsinki and approved by the Research Ethics 

Committee of Xuanwu Hospital of the Capital Medical 

University. All patients provided written informed consent 

prior to undergoing any study-related procedures.

Methods
Data collection
A well-designed questionnaire and related clinical mea-

surements and information were collected, which included 

demographic data (eg, age, gender, residence, marriage 

status, and education level), lifestyle factors (smoking, 

alcohol consumption, sleep, and exercise), diseases his-

tory (stroke, hypertension, DM, hypercholesterolemia, 

CVD, etc), medications, functional assessments, cogni-

tive function, and blood samples. Fasting blood samples 

(12-hour overnight) were taken to test fasting blood 

glucose (FBG), total cholesterol (TCH), triglycerides 

(TG), and low-density lipoprotein cholesterol (LDL-C), 

high-density lipoprotein cholesterol (HDL-C), blood 

urea nitrogen, serum creatinine (CRE), and serum uric 

acid (sUA) for all subjects at baseline. All assays were 

conducted at the Laboratory of Analytical Biochemistry 

at Xuanwu Hospital, using automatic biochemical ana-

lyzer (BioTek Instrument, Inc., Beijing, China). In addi-

tion, genomic DNA was extracted from peripheral blood 

leukocytes via a modified phenol/chloroform extraction 

procedure. The apolipoprotein E (APOE) genotype was 

examined using one-stage PCR as described by Wenham et 

al.12 The MMSE and Geriatric Depression Scale-15 items 

(GDS-15) were performed on the day prior to blood test-

ing. Depression was defined as GDS>5.13 Height, weight, 

and waist circumference were measured using a standard 

protocol for subjects during the physical examinations.14 

Body mass index (BMI) was calculated as weight (kg) 

divided by squared height (m2).

Definitions
The criteria recommended by the Working Group on Obesity 

in China was incorporated to define obesity and abdominal 

obesity.15 Overweight and obesity were defined as BMI 25–28 

and ≥28 kg/m2, respectively. Smoking status was referred to 

a current smoking habit of an individual. Hyperuricemia was 

defined as a serum uric acid (sUA) level >416 μmol/L in men 

and >356 μmol/L in women.16 The cutoff for high triglycer-

ides was ≥2.26 mmol/L, for high TCH ≥6.22 mmol/L, for 

high LDL ≥4.14 mmol/L, and for low HDL <1.04 mmol/L. 

Subjects with cardiovascular diseases included participants 

with a history of coronary heart disease, atrial fibrillation, 

myocardial infarction, angina (self-report or cardiac medica-

tions use), or congestive heart failure. Stroke was defined as a 

history of previously diagnosed stroke by a hospital. Hyper-

tension was defined as systolic blood pressure (SBP) ≥140 

mmHg, diastolic blood pressure (DBP) ≥90 mmHg, use of 
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antihypertensive medicines, or having already-diagnosed 

hypertension.

cognitive assessment
A validated Chinese version of MMSE was performed to eval-

uate the cognitive function of the participants.17 The 30-item 

MMSE is a global test that evaluates orientation, attention, 

calculation, language, and recall. Cognitive impairment was 

defined as: MMSE ≤17 for illiterates; MMSE ≤20 for primary 

school graduates (≥6 years of education); and MMSE ≤24 for 

junior school graduates or above (≥9 years of education).18

Classification of groups
According to the 1999 World Health Organization diagnostic 

criteria,19 the subjects were classified into three groups:

1. Normal FBG (NG): Fasting glucose <6.1 mmol/L, 

n=6,399

2. Impaired fasting glucose (IFG): Fasting glucose ≥6.1 

mmol/L <7.0 mmol/L in the absence of diabetes history, 

n=873

3. DM: Fasting glucose ≥7.00 mmol/L, or having pre-

diagnosed type 2 diabetes, n=2,626.

Statistical analyses
Comparison of categorical variables among the three groups 

was performed via chi-squared tests, and Student’s t-test 

and ANOVA was used to compare the means of the groups 

for continuous variables. The participants were stratified by 

NG, IFG, and DM, and a multivariate logistic regression 

model was applied (multivariate analyses) to determine the 

association of potential risk factors with the presence of 

cognitive impairment in participants with NG, IFG, and DM. 

The logistic regression model was adjusted for age, gender, 

location, lifestyle, marital status, high UA, BMI ≥28 kg/m2, 

alcohol drinking, smoking, APOE ε4 carrier, hypertension, 

stroke, GDS >5, cardiovascular disease, high TCH, high TG, 

high LDL, and low HDL. The results are presented as OR and 

their 95% CI. Two-sided P-value was determined and P<0.05 

was considered to be statistically significant. All statistical 

analyses for this study were performed using SAS version 

9.3 (SAS Institute Inc., Cary, NC, USA).

Results
characteristics of the study sample 
according to glycemic status
The characteristics of the three groups (NG, IFG, and DM) 

are shown in Table 1. The mean age of the participants was the 

highest among DM subjects (71.21±7.41 years), followed by 

NG participants (70.35±7.80 years), with the lowest among 

IFG subjects (69.87±7.86 years). Subjects with DM had the 

highest percentage of urban living, followed by NG group, 

and IFG group (82.42%, 77.62%, and 70.74%, respectively). 

There were no differences in gender, education level, apoEε4 

carrier, and LDL cholesterol level between the three groups. 

Consistent with previous studies, BMI, TG, FBG, obesity, 

and SBP were higher in IFG and DM groups and so was 

the prevalence of hypertension and cardiovascular diseases 

(Table 1).

Among the 9,898 subjects with valid MMSE scores, 

915 (9.14%) were classified as cognitively impaired. The 

prevalence of cognitive impairment in the participants with 

NG, IFG, and DM group was 8.85%, 9.39%, and 9.90%, 

respectively (Figure 1A).

Although there was an augmentation trend of cognitive 

impairment prevalence in those with IFG or DM, it was 

not statistically significant (P=0.28). However, the mean 

MMSE scores were significantly different among the three 

groups (P=0.0008) (Table 1). The MMSE score in DM and 

IFG group were significantly lower than that in NG group 

(P=0.01, P=0.02, respectively) and adjusted for age and 

gender (Figure 1B).

The percentage of stroke was the highest among DM 

subjects, followed by NG participants, with the lowest among 

IFG subjects (17.07%, 13.61%, and 12.84%, respectively) 

and so was the percentage of depression (11.70%, 10.37%, 

and 8.59%, respectively). The highest percentage of hyperten-

sion occurred in diabetic subjects, followed by IFG subjects, 

and then NG group (69.84%, 65.90%, and 57.11%, respec-

tively) (Figure 2).

There was significant difference in the prevalence of 

cognitive impairment between the three groups for the par-

ticipants with stroke and hypertension (P=0.038 and P=0.042, 

respectively). The highest prevalence of cognitive impairment 

occurred in the IFG group with hypertension or depression. 

The prevalence of cognitive impairment was the highest in 

DM group for participants with stroke (Figure 3).

characteristics based on cognitive 
function
Individuals with cognitive impairment were older in all three 

groups (Table 2). The percentages of living in urban, being 

married, and having sleep <6 hours per day were higher in 

subjects with cognitive impairment compared to subjects with 

normal cognition in each of the three groups. In the NG and 

DM groups, individuals with cognitive impairment showed 
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Table 1 characteristics of the study sample according to glycemic status

Characteristics NG IFG DM P-value

Total subjects, n 6,399 873 2,626  
cognitive impairment, n (%) 566 (8.85) 82 (9.39) 260 (9.9) 0.28
MMSe score, mean (SD) 26.91±3.94 26.67±4.00 26.58±4.11 0.0008
Sociodemographic

age, mean (SD), years 70.35±7.80 69.87±7.86 71.21±7.41 <0.0001
Male, n (%) 2,499 (38.98) 357 (40.8) 976 (37.05) 0.09
Urban, n (%) 4,976 (77.62) 619 (70.74) 2,171 (82.42) <0.0001

Education level, n (%)
illiteracy 680 (10.61) 108 (12.34) 303 (11.50) 0.05
Primary school graduates 1,730 (26.98) 235 (26.86) 770 (29.23)  
Junior school graduates or above 4,001 (62.41) 532 (60.8) 1,561 (59.26)  

Lifestyle, n (%)
Married 5,225 (81.50) 726 (82.97) 2082 (79.04) 0.007
exercise <0.5 hours 1,413 (22.11) 208 (23.85) 617 (23.46) 0.25

Sleep <6 hours 1,125 (17.60) 123 (14.11) 467 (17.76) 0.03
alcohol use, n (%) 769 (12.00) 127 (14.51) 221 (8.39) <0.0001
Smoking, current, n (%) 884 (13.79) 117 (13.37) 287 (10.90) 0.0009

Genetic
apoeε4 carrier, n (%) 472 (8.98) 78 (10.44) 215 (10.18) 0.17

Clinical
BMi, mean (SD), kg/m2 24.68±3.37 25.55±3.49 25.25±3.35 <0.0001
Total cholesterol (mmol/l) 5.36±1.00 5.48±1.00 5.36±1.11 0.003
Triglycerides (mmol/l) 1.49±0.80 1.70±1.00 1.73±1.12 <0.0001
hDl cholesterol (mmol/l) 1.40±0.35 1.32±0.33 1.31±0.35 <0.0001
lDl cholesterol (mmol/l) 3.30±2.01 3.36±0.84 3.28±0.89 0.49
Fasting blood glucose (mmol/l) 5.20±0.52 6.46±0.25 8.08±2.66 <0.0001
Systolic blood pressure (mmhg) 127.52±11.90 130.02±12.72 129.51±12.58 <0.0001
Diastolic blood pressure (mmhg) 78.10±7.91 79.198±.02 77.66±8.10 <0.0001
Uric acid (mmol/l) 310.11±82.75 323.89±89.22 309.81±84.77 <0.0001
Obesity (BMi ≥28 kg/m2), n (%) 973 (15.24) 187 (21.49) 507 (19.34) <0.0001
high waist circumference, n (%) 4,564 (71.60) 684 (78.71) 2060 (78.51) <0.0001
Stroke 870 (13.61) 112 (12.84) 449 (17.07) <0.0001
hypertension 3,649 (57.11) 574 (65.90) 1,836 (69.84) <0.0001
cardiovascular disease* 1,235 (19.32) 186 (21.33) 669 (25.44) <0.0001
gDS >5, n (%) 607 (10.37) 67 (8.59) 286 (11.70) 0.03

Notes: *Myocardial infarction, coronary heart disease, atrial fibrillation, congestive heart failure, or angina. The “P” significance in the table refers to “trend of groups.”
Abbreviations: apoeε4, apolipoprotein eε4; DM, diabetes mellitus; BMi, body mass index; gDS, geriatric Depression Scale; iFg, impaired fasting glucose; MMSe, Mini-
Mental State examination; ng, normal fasting plasma glucose.
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Figure 1 (A) Prevalence of cognitive impairment. (B) MMSe score based on glycemic status. analyses are adjusted for age and sex.
Abbreviations: DM, diabetes mellitus; iFg, impaired fasting glucose; MMSe, Mini-Mental State examination; ng, normal fasting plasma glucose.
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significant increased prevalence of stroke and depression 

(GDS>5). 

The percentage of hypertension was higher in individuals 

with cognitive impairment in each of the IFG and DM group. 

In the NG group, participants with cognitive impairment 

had lower BMI and uric acid (UA), less common in male, 

more apoEε4 carrier and higher SBP, DBP, FBG and LDL 

cholesterol (Table 2).

The percentage of apoEε4 carrier was found to be higher 

in participants with cognitive impairment compared to partic-

ipants with normal cognition only in the NG group (14.58% 

vs 8.37%, P<0.001). The prevalence of cognitive impairment 

for apoEε4 carriers or non-carriers was not different between 

the three groups (P=0.64, P=0.24, respectively) (Figure 4).

Differences in cognitive severity
Cognitive severities measured by MMSE score in each of the 

NG, IFG, and DM groups are shown in Figure 5. According 

to the MMSE score, the participants were defined as having 

mild (MMSE score: 20–29), moderate (MMSE score: 10–19), 

or severe (MMSE score: 0–9) cognitive impairment. Most 

participants in all three groups were at a mild stage. The low-

est number of participants had severe symptoms in all three 

groups. The severity of cognitive impairment was not dif-

ferent among participants with NG, IFG, and DM (P=0.84).

risk factors associated with cognitive 
impairment
Logistic regression analysis for risk factors associated with 

cognitive impairment in each of the three groups are shown 

in Table 3. Comparing associated risk factors among the three 

groups, all of them shared some common risk factors such 

as rural residence, unmarried status, and daily exercise <0.5 

hours. Higher serum UA level appeared to be protective (OR 

=0.71, 95% CI: 0.53–0.95, P=0.022), while apoEε4 carrier 

status was the independent risk factor (OR =1.70, 95% CI: 

1.28–2.28 P<0.001) only for the NG group. Increased comor-

bidity with hypertension (OR =2.26, 95% CI: 1.21–4.22, 

P=0.01) was found for IFG group, while stroke (OR =1.64, 

95% CI: 1.14–2.35, P=0.007) and depression status (OR 

=1.59, 95% CI 1.03–2.46, P=0.04) for DM (Table 3).

Discussion
Diabetes and increased blood glucose level are the common 

comorbidities of aging, and both aging and diabetes can 

independently or interactively predispose individuals for cog-

nitive dysfunction. It remains uncertain whether they share 

the same risk factors, eg, social status, lifestyle, genetics, 

and comorbidities. Our community-dwelling old popula-

tion cohort study demonstrated that there was no significant 

difference in the prevalence of cognitive impairment among 

the elderly with normal NG, IFG, and DM (8.85%, 9.39%, 

and 9.90%, respectively), but in the age- and sex-adjusted 

comparisons, the MMSE scores in subjects with DM and IFG 

were significantly lower than that in subjects with normal 

glucose. However, while common risk factors of social status, 

age, and apoEε4 were associated with cognitive impairment 

in aging alone, hypertension and stroke were independent 

risk factors for IFG and DM elderly, respectively.

Most epidemiological studies have shown that diabetes 

is a risk factor for cognitive impairment. Few studies that 

investigated the association between “pre-diabetes” status 

and cognitive function have showed contradictory results, 
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possibly due to different study population and design.20,21 In 

our study, some common risk factors such as age, female, 

and apoEε4 carrier were associated with cognitive dysfunc-

tion only in elderly individuals with normal blood glucose 

after adjustment. Previous studies have indicated that the 

presence of the apoEε4 may independently increase risk of 

Alzheimer’s disease and vascular dementia.22,43 We observed 

that there was a worse vascular risk factor profile, including 

overweight, stroke, and hypertension in IFG and DM subjects. 

The known relationship between these vascular risk factors 

Table 2 characteristics based on cognitive function

Characteristics NG IFG DM

Cognitive Normal 
n=5,833

Cognitive Normal 
n=791

Cognitive Normal 
n=2,366Impairment 

n=566
Impairment 
n=82

Impairment 
n=260

MMSe score, mean (SD) 19.04±4.71*** 27.73±2.62 19.32±4.61*** 27.50±0.10 19.29±4.39*** 27.47±2.78
Sociodemographic

age, years (SD) 72.81±8.27*** 70.09±7.71 73.20±7.03*** 69.52±7.85 73.51+7.14*** 70.93+7.47
Male, n (%) 197 (34.81)* 2,296 (39.36) 29 (35.37) 327 (41.34) 89 (34.23) 884 (37.36)
Urban, n (%) 370 (65.37)*** 4,600 (78.86) 50 (60.98)** 568 (71.81) 196 (75.38)** 1,971 (83.31)

education level, n (%)
illiteracy 98 (17.31) 582 (9.96) 17 (20.73) 91 (11.48) 31 (11.92) 267 (11.28)
Primary school 
graduates

129 (22.79) 1,601 (27.39) 18 (21.95) 217 (27.36) 69 (26.54) 698 (29.50)

Junior school graduates 
or above

339 (59.89) 3,662 (62.65) 47 (57.32) 485 (61.16) 160 (61.54) 1,401 (59.22)

lifestyle, n (%)
Married 410 (72.44)*** 4,804 (82.36) 58 (70.73) ** 667 (84.32) 187 (71.92) ** 1,891 (79.92)
exercise <0.5 hours 168 (29.73)*** 1,237 (21.27) 26 (31.71) 181 (22.97) 90 (34.62) *** 524 (22.18)

Sleep <6 hours 151 (26.73) *** 971 (16.70) 20 (24.39) ** 103 (13.07) 63 (24.23)** 404 (17.10)
alcohol use 71 (12.54) 697 (11.95) 8 (9.76) 119 (15.04) 19 (7.31) 201 (8.5)
Smoking, current 86 (15.19) 798 (13.68) 5 (6.10) * 112 (14.16) 33 (12.69) 252 (10.65)

genetic
apoeε4 carrier 70 (14.58)*** 399 (8.37) 11 (14.47) 67 (10.00) 26 (12.32) 187 (9.87)

clinical
BMi (kg/m2) 24.26±3.78** 24.73±3.33 25.63±3.56 25.54±3.49 25.24+3.43 25.26+3.34
Total cholesterol 
(mmol/l)

5.31±0.96 5.36±1.00 5.52±0.96 5.48±1.01 5.31±1.11 5.36±1.10

Triglycerides (mmol/l) 1.44±0.84 1.49±0.79 1.60±0.67 1.71±1.03 1.63±0.80 1.74±1.14
hDl cholesterol 
(mmol/l)

1.39±0.34 1.40±0.35 1.36±0.30 1.32±0.34 1.35±0.54 1.30±0.33

lDl cholesterol 
(mmol/l)

3.50±0.75** 3.28±0.82 3.51±0.84 3.35±0.84 3.28±0.92 3.28±0.88

Fasting blood glucose 
(mmol/l)

5.25±0.47** 5.19±0.52 6.43±0.24 6.46±0.25 8.31±3.02 8.05±2.61

Systolic blood pressure 
(mmhg)

129.5±14.29*** 127.3±11.63 134.4±15.26** 129.6±12.35 131.7±16.49 129.3±12.04

Diastolic blood 
pressure (mmhg)

78.88±9.27** 78.02±7.76 80.18±9.75 79.09±7.83 79.05±9.79 77.50±7.88

Uric acid (mmol/l) 299.0±81.79*** 311.3±82.76 311.3±81.17 325.2±90.07 306.6±85.37 310.1±84.69
Obesity (BMi ≥28 kg/
m2)

86 (15.30) 885 (15.23) 23 (28.05) 163 (20.74) 52 (20.16) 454 (19.28))

Stroke 104 (18.41)*** 762 (13.10) 15 (18.29) 97 (12.31) 72 (27.69)*** 374 (15.83)
hypertension 333 (58.94) 3,312 (56.99) 66 (80.49)** 507 (64.42) 197 (75.77)* 1,635 (69.25)
cardiovascular 
disease*

112 (19.82) 1,121 (19.28) 20 (24.39) 165 (20.94) 76 (29.23) 592 (25.06)

gDS >5 73 (13.20)** 531 (10.04) 11 (14.10) 55 (7.86) 46 (18.25)*** 239 (10.94)

Notes: Values are presented as n (%) or mean ± SD. *P<0.05; **P<0.01; ***P<0.001 vs cognitively normal group using χ2 for categorical variables and unpaired Student’s 
t-tests for continuous variables.
Abbreviations: BMi, body mass index; DM, diabetes mellitus; hDl, high-density lipoprotein; iFg, impaired fasting glucose; gDS, geriatric Depression Scale; lDl, low-
density lipoprotein; MMSe, Mini-Mental State examination; ng, normal fasting plasma glucose.
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and cognitive decline might interfere with our investigation 

of the association between apoEε4 carrier and cognitive 

impairment in subjects with IFG or DM, due to a larger 

impact of the vascular factors. However, most of the previous 

articles reported that there is no interaction between border-

line diabetes and apoEε420 or between diabetes and apoEε4 

carriers.23 This indicates that apoEε4 is far less enough to 

be recommended as an independent diagnosis predictor for 

cognitive deficit in the elderly with IFG or DM.

Hypertension was the risk factor for cognitive impairment 

only in IFG group in our study. Previous studies exploring 

the relationships between hypertension with cognitive impair-

ment have reported inconsistent results.24,25 Longitudinal 

studies have suggested that high blood pressure in midlife 

is associated with late-life-related cognitive impairment.26 

Some studies report that low blood pressure values in late-

life is associated with an increased risk of dementia.27 These 

findings suggest the “U-phenomenon” to characterize the 

relationship between blood pressure and dementia.28 Besides 

as a leading risk factor for stroke, hypertension is thought to 

be associated with cognitive impairment through atheroscle-

rosis, endothelial dysfunction, and white matter lesions of 

the brain.29 Slightly increased blood glucose as in IFG may 

potentiate hypertension-associated vascular damage leading 

to higher risk for cognitive deficit. However, reports have 

shown that the adequate cerebral perfusion that results from 

high blood pressure may be beneficial for cognitive func-

tion.30 The relationship between hypertension and cognitive 

impairment is complex, and further well-designed studies 

are needed to explore specific blood pressure management 

strategies for different population. In any event, our results 

suggest that management of blood pressure would be criti-

cal for people with IFG in order to prevent development of 

cognitive dysfunction.

Stroke is a well-known risk factor for dementia. The 

strong association of post-stroke dementia with multiple 

strokes indicated the central causal role of stroke itself as 

opposed to other vascular risk factors.31 In a systematic 

review of exploring the excess risk of incident dementia 

conferred by stroke, a history of stroke was found to confer 

approximately a doubling of the risk of dementia incidence 

in the elderly population. This association was not explained 

by common risk factors such as demographic or cardiovas-

cular risk factors.32 In our study, stroke was the risk factor 

for cognitive impairment only in the participants with dia-

betes. In addition, our study showed that there were more 

atherosclerotic vascular risk factors in subjects with diabetes. 

Cerebrovascular disease is the most common mechanism 

of cognitive impairment or dementia of diabetes because 

diabetes is strongly related to vasculopathy and cerebrovas-

cular disease.33

Previous studies showed inconsistent association between 

depressive symptoms and diabetes-associated cognitive 

decline.34,35 A national population-based cohort study of more 

than 2.4 million adults showed that depression and diabetes 

were independently associated with dementia, and the com-

bined effect of both exposures was more than additive.36 Our 

findings showed that there was higher prevalence (11.7%) of 

depression in people with diabetes. The reason may be that 

depression and DM share common risk factors for cogni-

tive impairment, such as insulin resistance, inflammation, 

and vascular disease.37 The results suggest that clinicians 

should pay more attention to manage stroke and depression 

when facing the patients with diabetes to prevent cognitive 

impairment.

Cardiovascular diseases include coronary artery disease 

(CAD), atrial fibrillation, and chronic heart failure. In most 
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cases, CAD was found to be associated with global cogni-

tive deficits in the older population.38,39 However, our study 

demonstrated that cardiovascular diseases were not indepen-

dent risk factors for cognitive impairment in all participants 

after adjusted for cofounders though diabetes could be the 

cause of cardiovascular diseases. The discrepancies might 

be mainly associated with the selection bias of the study 

populations.

In addition, our study showed that the lack of exercise 

and sleep had direct influence on cognitive impairment. 

This has been proven in other observational studies in 

the general population.40,41 Thus, a healthy lifestyle with 

enough exercise and sleep might help to prevent cognitive 

impairment. Moreover, this study also demonstrated that 

high UA was the protective factor associated with cogni-

tive impairment in NG group. The explanation could be 

that UA may reduce oxidative stress and play a protective 

role against cognitive impairment,42 which deserves future 

investigations.

Limitations and strengths
The strengths of this study are the use of the real-world data, 

as well as population-based design with a large population. 

Comprehensive risk factors such as social status, lifestyle, 

genetics, and comorbidities to cognitive decline were also 

included in this study. Furthermore, this is the first study to 

investigate the risk factors for cognitive impairment in the 

elderly with IFG. However, some limitations of this study 

are worth mentioning: An oral glucose tolerance test and 

glycosylated hemoglobin (HbA1c) levels were not per-

formed in the present study. As it is in-practicable for such 

a large cohort, some participants with postprandial hyper-

glycemia might have been misclassified. A cross-sectional 

study can only demonstrate association, but not causation. 

Future  studies in this subject could focus in the limitation 

of this study.

Conclusion
The current study demonstrated that although MMSE scores 

in subjects with DM and IFG were significantly lower than 

that in subjects with normal blood glucose level, they are 

independently associated with stroke or hypertension, 

respectively. Focusing on the management of blood pres-

sure for people with IFG and of stroke with diabetes would 

be equally important for preventing elderly from cognitive 

deficit.
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(95% CI)

P-value Adjusted OR 
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P-value Adjusted OR 
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P-value

age group, years
55–65 ref ref ref
65–75 1.61 (1.23–2.10) 0.02 2.06 (0.99–4.27) 0.41 1.82 (1.16–2.83) 0.57
75–85 2.67 (1.98–3.59) 0.005 3.67 (1.58–8.50) 0.17 2.45 (1.50–3.99) 0.20
≥85 3.88 (2.18–6.91) 0.001 5.43 (1.09–26.98) 0.17 3.50 (1.23–9.97) 0.13

Male 0.80 (0.65–0.99) 0.042 0.77 (0.44–1.35) 0.37 0.94 (0.67–1.30) 0.69
Urban 0.32 (0.25–0.40) <0.001 0.32 (0.17–0.59) <0.001 0.34 (0.23–0.50) <0.001
Married 0.67 (0.53–0.84) 0.002 0.53 (0.29–0.99) 0.04 0.66 (0.47–0.95) 0.02
Daily exercise <0.5 hours 1.70 (1.36–2.13) <0.001 1.50 (0.84–2.68) 0.17 1.87 (1.36–2.59) <0.001
Sleep <6 hours 1.61 (1.28–2.03) <0.001 1.78 (0.95–3.32) 0.07 1.30 (0.91–1.87) 0.15

aPOe ε4 carrier 1.70 (1.28–2.28) <0.001 1.31 (0.61–2.82) 0.48 1.27 (0.81–2.00) 0.30
high Ua 0.71 (0.53–0.95) 0.022 0.63 (0.31–1.28) 0.20 0.86 (0.58–1.28) 0.46
hypertension 0.99 (0.81–1.22) 0.97 2.26 (1.21–4.22) 0.01 1.27 (0.89–1.80) 0.18
Stroke 1.19 (0.91–1.57) 0.21 1.22 (0.61–2.44) 0.57 1.64 (1.14–2.35) 0.007
gDS >5 1.19 (0.85–1.66) 0.29 1.20 (0.49–2.96) 0.70 1.59 (1.03–2.46) 0.04

Notes: analyses included the following covariates: age, gender, location, lifestyle, marital status, high Ua, BMi ≥28 kg/m2, alcohol drinking, smoking, aPOe ε4 carrier, 
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Abbreviations: DM, diabetes mellitus; gDS, geriatric Depression Scale; iFg, impaired fasting glucose; ng, normal fasting plasma glucose; Ua, uric acid.
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