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Purpose: To examine the associations of impaired fasting glucose (IFG) and glycaemic
control of diabetes with dementia, global cognitive function and physical function among
rural-dwelling Chinese older adults.
Patients and Methods: This population-based cross-sectional study included 4583 parti
cipants (age ≥65 years, 57.3% women) living in Yanlou Town, Yanggu County, western
Shandong Province, China. In 2018, data were collected through interviews, clinical exam
inations, neuropsychological tests, and laboratory tests. Diabetes status was defined by selfreported physician-diagnosed diabetes, current use of antidiabetic agents, and fasting blood
glucose tests. Global cognitive function was assessed using the Mini-Mental State
Examination. Dementia was diagnosed following DSM-IV criteria, and Alzheimer’s disease
(AD) was diagnosed following the National Institute on Aging-Alzheimer’s Association
criteria. Physical function was assessed by the Short Physical Performance Battery. Data
were analysed using multiple logistic and general linear regression models.
Results: IFG was found in 267 participants, and diabetes was diagnosed in 658 participants
(257 with well-controlled diabetes, 401 with poorly controlled diabetes). Dementia was
diagnosed in 166 participants (116 with AD), and physical functional impairment was
found in 1973 participants. The multi-adjusted odds ratio (OR) of dementia associated
with poorly controlled diabetes (vs without IFG or diabetes) was 2.41 (95% CI 1.52–3.84),
and the OR of AD associated with poorly controlled diabetes was 2.32 (1.34–4.04). In
addition, the adjusted OR of physical functional impairment was 1.40 (1.06–1.85) for wellcontrolled diabetes and 1.69 (1.35–2.12) for poorly controlled diabetes. However, IFG was
not associated with cognitive or physical function.
Conclusion: The glycaemic control status of diabetes patients was associated with cognitive
impairment and physical functional impairment.
Keywords: impaired fasting glucose, Alzheimer’s disease, cognitive function, physical
functional impairment

Introduction
The global prevalence of diabetes in adults is 8.4%; it affected 451 million adults in
2017, and that number is expected to increase to nearly 693 million by 2045. People
with diabetes were significantly more often burdened with multimorbidity and
polypharmacy, placing a huge economic burden on society.1,2 China has the world’s
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largest diabetes epidemic, and the prevalence of diabetes
among people 60 years or older is 21.7%. Approximately
70.4% of rural-dwelling people with diabetes are not trea
ted, and 56.6% of treated people do not have adequate
glycaemic control, which was significantly higher than that
among urban-dwelling people with diabetes.3 In addition,
as a high-risk state for developing diabetes, impaired fast
ing glucose (IFG) has received increasing attention.4
A meta-analysis showed that annualized rates of progres
sion to diabetes in patients with isolated IFG were 6%-9%,
and compared to normoglycemic people, the overall risk
of developing diabetes in studies of people with IFG was
7.54.5 The increased age profile of people with IFG and
diabetes implies that they may have a higher prevalence of
cognitive impairment and physical disability and a lower
quality of life.
There has been a growing body of population-based
studies on diabetes and cognitive health. Many studies
have suggested that diabetes is associated with all-cause
dementia and Alzheimer’s disease (AD).6–8 There is evi
dence of a shared pathogenesis between diabetes and AD,
which has been termed type 3 diabetes.9,10 However,
population-based studies on the associations of IFG and
glycaemic control of diabetes with dementia are sparse.
Furthermore, the previously published studies were limited
by small sample sizes, case-control designs, selection bias,
or neuropsychological test performance but not accurate
dementia diagnosis.11,12
In addition to cognitive function, physical function is
also an important aspect that affects the quality of life of
older adults, acting as a strong predictor of mortality,
hospitalization, and disability.13 Several studies have
shown that diabetes is associated with worse physical
functioning among older adults.14,15 The Elderly Health
Centres (EHC) study of 66,813 community-dwelling par
ticipants in Hong Kong aged 65 years or older found that
those receiving regular treatment for diabetes were 1.7
times more likely to have physical functional impairment
than those without diabetes.16 However, this study only
adjusted for age, sex, and educational level as covariates
and did not take other potential confounders, such as life
style factors or comorbidities, into account. Moreover, few
studies have analysed the associations of IFG or glycaemic
control of diabetes with physical functioning.
Therefore, in this population-based cross-sectional
study of older adults living in rural communities in
China, we sought to evaluate whether IFG and glycaemic
control of diabetes are associated with dementia, AD,
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global cognitive function, and physical functional impair
ment. We hypothesized that worse glycaemic control of
diabetes is associated with a higher likelihood of dementia
and physical functional impairment in older adults.

Materials and Methods
Study Design and Participants
Participants in this cross-sectional population-based study
were derived from the baseline assessments of the
Multimodal Intervention to Delay Dementia and Disability
in Rural China (MIND-China),17,18 a participating project
within the World-Wide FINGERS Network.19 MINDChina targeted residents aged ≥60 years who were living
in the rural communities of Yanlou Town, Yanggu County
in western Shandong Province, China. From March to
September 2018, 5765 eligible participants were recruited.
Because we focused on late-onset dementia and physical
functional impairment, we excluded people who were aged
60–64 years (n = 519) from this study. Among these parti
cipants, 46 were further excluded due to major depression
disorders or other severe psychiatric diseases, 224 were
excluded due to missing data on the Mini-Mental State
Examination (MMSE) score, and 393 were further excluded
due to missing data on the Short Physical Performance
Battery (SPPB), leaving 4583 participants for the current
analysis. Compared to participants who were aged ≥65
years and excluded from our analyses, participants included
in the analytical sample were younger (mean age, 71.32 vs
74.66 years, p < 0.001), but the two groups did not differ
significantly by sex (women: 57.3% vs 56.0%, p = 0.501).
MIND-China study was conducted in accordance with
the Declaration of Helsinki, and has been approved by the
Ethics Committee of Shandong Provincial Hospital in
Jinan, Shandong. Written informed consent was obtained
from all participants, or in the case of severely cognitively
impaired participants, from informants. MIND-China was
registered in the Chinese Clinical Trial Registry (registra
tion no.: ChiCTR1800017758).

Data Collection
Data were collected through face-to-face interviews, clinical
examinations, neuropsychological tests, and laboratory tests
by trained medical staff.17,18 Following a structured ques
tionnaire, we collected data on sociodemographics (for
example, age, sex, and education), lifestyle factors (for
example, alcohol consumption and smoking), medical his
tory (for example, hypertension, diabetes, coronary heart
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disease, and stroke), use of medications, cognitive function,
and physical function. All medications were classified
according to the Anatomical Therapeutic Chemical (ATC)
system. Weight and height were measured in light clothing
without shoes. Body mass index (BMI) was calculated as
weight (in kilograms) divided by height (in metres) squared.
Arterial blood pressure was measured on the right upper arm
after a 5-minute rest in a sitting position using an electronic
sphygmomanometer
(Omron
HEM-7127J;
Omron
Corporation, Kyoto, Japan). The 12-lead resting electrocar
diogram was recorded using an electrocardiograph (CM300,
COMEN, Shenzhen, China). Peripheral blood samples were
collected after an overnight fast by experienced nurses.
Fasting blood glucose, total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C) were mea
sured using an Automatic Biochemical Analyser (CS-600B,
DIRUI Corporation, Changchun, China) at the Yanlou Town
Hospital laboratory using enzymatic methods. Genomic
DNA was extracted from peripheral blood leukocytes, and
the apolipoprotein E (APOE) genotype was detected using
multiple-polymerase
chain
reaction
amplification
(iGeneTech Bioscience Co., Ltd, Beijing, China).

Definitions of IFG and Diabetes
Diabetes was defined as a fasting blood glucose ≥7.0
mmol/L, having a self-reported previous diagnosis of dia
betes by a physician, or current use of antidiabetic agents
(ATC code A10). Participants who did not have diabetes
but had a fasting blood glucose level of 6.1–6.9 mmol/L
were considered to have IFG. Both fasting blood glucose
cut-off points followed the World Health Organization and
the International Diabetes Federation Standards.20
Well-controlled diabetes was defined as diabetes
patients with a fasting blood glucose <7.0 mmol/L, and
poorly controlled diabetes was defined as diabetes patients
with a fasting blood glucose ≥7.0 mmol/L.

Assessment of Cognitive Function,
Diagnosis of Dementia and Dementia
Subtypes
A neuropsychological test battery, mainly including the
MMSE, Ascertain Dementia 8-item Questionnaire,
Auditory Verbal Learning Test, Category Verbal Fluency
Test, Forward and Backward Digit Span Test, and Trail
Making Test A and B, was used to assess cognitive func
tion, including subjective cognitive complaints, global
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cognitive function, and cognitive domains (memory, lan
guage, attention, and executive function). We used the
Chinese version of the MMSE to evaluate global cognitive
function.21 A lower MMSE score indicates worse global
cognitive performance.
A three-step diagnostic procedure was followed to make
a diagnosis of dementia and subtypes of dementia. First,
trained clinicians and interviewers conducted routine clinical
examinations and comprehensive assessments for each par
ticipant following structured questionnaires. The assess
ments included medical history, a neuropsychological test
battery, and activities of daily living (ADLs). Second, neu
rologists specializing in dementia diagnosis and care
reviewed all of the data and made a preliminary diagnosis
for participants who were suspected of having dementia.
Finally, the neurologists conducted the second face-to-face
interviews with those participants who were suspicious of
having dementia, and reassessed their medical history, cog
nitive status, ADLs, and whenever available, neuroimaging
data. If the participants were not able to participate in the
interview due to severe cognitive impairment or were not
available for the face-to-face interviews (approximately
13%), the neurologists interviewed their family members,
neighbours, or their village doctors (who provide primary
care services to the local residents). Based on all of the data,
a diagnosis of dementia was made according to the
Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition (DSM-IV) criteria.22 In cases of uncertainty, a senior
neurologist was consulted, and a consensus diagnosis was
made. Dementia was further classified into AD following the
National Institute on Ageing-Alzheimer’s Association (NIAAA) criteria,23 and vascular dementia (VaD) following the
National Institute of Neurological Disorders and Stroke and
the Association Internationale pour la Recherche et
l’Enseignement en Neurosciences (NINDS-AIREN)
criteria.24 Demented participants who could not be diagnosed
with AD or VaD were classified as having other types of
dementia.

Assessment of Physical Function
Physical function was assessed by the SPPB.25 It is
a widely used measure of lower extremity physical func
tion. It consists of three measurements: standing balance,
repeated chair stands, and a 4-metre walk, and each
domain is scored from 0–4. The summary score of the
balance score, chair score, and walk score was used for the
analyses. A lower SPPB score indicates worse physical
function. Physical functional impairment was considered
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a score of 9 or less out of a total score of 12 according to
previous studies.26

Assessment of Covariates
BMI (kg/m2) was categorized as underweight (<18.5),
normal (18.5–23.9), overweight (24–27.9), and obese
(≥28), following the criteria for the Chinese population.27
Smoking status and alcohol consumption were categorized
as never, previous, and current, respectively. Hypertension
was defined as blood pressure ≥140/90 mmHg or current
use of antihypertensive drugs (ATC codes C02, C03, and
C07-C09). Dyslipidemia was defined as TC ≥6.22 mmol/
L, or TG ≥2.27 mmol/L, or HDL-C < 1.04 mmol/L, or
LDL-C ≥ 4.14 mmol/L, or the use of lipid-regulating drugs
(ATC code C10). Coronary heart disease was defined
according to self-reported history or electrocardiogram
examination, including angina, myocardial infarction, his
tory of coronary angioplasty, and history of coronary
artery bypass grafting. APOE genotype was dichotomized
as carriers and non-carriers of the APOE ε4 allele.

Statistical Analysis
We reported frequencies (percentages) for categorical vari
ables and means (standard deviations, SDs) for continuous
variables. Characteristics of the study participants by IFG
and diabetes status were compared using the Kruskal–
Wallis H-test for continuous variables and the chi-square
test for categorical variables. Pairwise comparisons among
the IFG and glycaemic control status of diabetes were
made using Bonferroni adjustment in post hoc analyses.
Binary logistic regression models were used to examine
the associations of IFG and glycaemic control status of
diabetes with dementia and AD. VaD (n = 42) and other
types of dementia (n = 8) were not analysed separately
because there were relatively few cases. General linear
regression models were used to analyse the associations
of IFG and glycaemic control status of diabetes with
MMSE score, total SPPB score, balance score, chair
score, and walk score.
We reported the results from two models: Model 1 was
adjusted for age and sex, and Model 2 was additionally
adjusted for education, BMI, alcohol consumption, smok
ing status, hypertension, dyslipidemia, coronary heart dis
ease, and stroke. When analysing the associations of IFG
and glycaemic control status of diabetes with
dementia, AD, and global cognitive performance, we addi
tionally adjusted for the APOE genotype in Model 2.
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IBM SPSS Statistics 22.0 (IBM SPSS Inc., Chicago,
Illinois) was used for all analyses. Statistical significance
was set at two-tailed p < 0.05.

Results
Characteristics of the Study Participants
The mean age of the 4583 participants was 71.32 (SD,
5.00; range, 65–93) years, 57.3% were women, and their
average years of formal schooling was 3.21 years (SD,
3.44; range, 0–19, 38.8% illiteracy). Among those, 267
(5.8%) were diagnosed with IFG, and 658 (14.4%) were
diagnosed with diabetes, including 257 (5.6%) with wellcontrolled diabetes and 401 (8.7%) with poorly controlled
diabetes. For cognitive function and physical function, 166
(3.6%) were diagnosed with dementia, including 116
(2.5%) with AD, 42 (0.9%) with VaD, and 8 (0.2%) with
other types of dementia. 1973 (43.1%) were found to have
physical functional impairment.
Compared with participants without IFG or diabetes,
participants with IFG were more likely to be obese, had
a higher prevalence of hypertension, dyslipidemia and
coronary heart disease (p < 0.05). Compared with parti
cipants without IFG or diabetes, participants with wellcontrolled diabetes were more likely to be women and
obese, less likely to drink alcohol or smoke, and had
a higher prevalence of hypertension, coronary heart dis
ease, stroke, and physical functional impairment. In
addition, they had lower total SPPB scores, balance
scores, chair scores, and walk scores (p < 0.05).
Compared with participants without IFG or diabetes,
participants with poorly controlled diabetes were
younger; more likely to be obese; less likely to drink
alcohol; had a higher prevalence of dyslipidemia, cor
onary heart disease, stroke, dementia, and physical func
tional impairment; and had a lower total SPPB score,
balance score, chair score, and walk score (p < 0.05).
The four groups had no significant differences in the
average years of formal schooling, APOE ε4 status, or
MMSE score (p > 0.05) (Table 1).

Associations of IFG and Diabetes with
Dementia and Global Cognitive Function
After adjusting for age and sex, poorly controlled dia
betes was significantly associated with a higher like
lihood of all-cause dementia (Table 2, Model 1). The
associations remained statistically significant when
additionally adjusted for multiple confounders, such

Clinical Interventions in Aging 2021:16

Dovepress

Jia et al

Table 1 Characteristics of the Study Participants
Characteristics

Without IFG or

IFG (n = 267)

Diabetes (n=3658)
Age (years)

71.50 (5.08)c
b

71.15 (5.02)
d

Well-Controlled

Poorly Controlled

Diabetes (n=257)

Diabetes (n=401)

70.48 (4.23)

70.30 (4.58)c

b,d,f

p

<0.001

f

Women, n (%)

2040 (55.8)

Education (years)

3.23 (3.44)

3.04 (3.35)

3.05 (3.38)

3.25 (3.50)

<18.5
18.5–23.9

130 (3.6)
1498 (41.2)a,b,c

5 (1.9)
69 (25.8)a

4 (1.6)
64 (25.1)b

7 (1.8)
119 (29.9)c

24–27.9

1371 (37.7)

113 (42.3)

108 (42.4)

168 (42.2)

≥28.0

641 (17.6)a,b,c

80 (30.0)a

79 (31.0)b

104 (26.1)c

Never
Previous

2184 (59.7)b
362 (9.9)

156 (58.4)d
22 (8.2)

187 (72.8)b,d
19 (7.4)

265 (66.1)
45 (11.2)

Current

1112 (30.4)b,c

89 (33.3)d,e

51 (19.8)b,d

91 (22.7)c,e

Never

2292 (62.7)b

167 (62.5)d

204 (79.4)b,d,f

275 (68.6)f

Previous
Current

804 (22.0)b,c
562 (15.4)

63 (23.6)d,e
37 (13.9)

27 (10.5)b,d
26 (10.1)f

52 (13.0)c,e
74 (18.5)f

Fasting blood glucose (mmol/L)

5.10 (0.44)a,b,c

6.44 (0.25)a,d,e

5.85 (0.71)b,d,f

9.07 (2.41)c,e,f

<0.001

Hypertension, n (%)g

2359 (65.1)a,b

195 (73.3)a

190 (73.9)b

275 (69.3)

0.001

Dyslipidemia, n (%)

761 (20.8)a,c

96 (36.0)a,d

68 (26.5)d,f

150 (37.4)c,f

156 (58.4)

186 (72.4)

246 (61.3)

<0.001
0.755

BMI (kg/m2), n (%)g

<0.001

Alcohol consumption, n (%)

<0.001

Smoking, n (%)

<0.001

a,b,c

a

b

111 (27.7)

<0.001

c

Coronary heart disease, n (%)

722 (19.7)

Stroke, n (%)

508 (13.9)b,c

48 (18.0)

69 (26.8)b

83 (20.7)c

<0.001

APOE ε4 carrier, n (%)g

584 (16.5)

37 (14.5)

35 (14.1)

54 (14.0)

0.420

Dementia, n (%)

119 (3.3)c

11 (4.1)

8 (3.1)

28 (7.0)c

0.002

MMSE score

20.86 (6.06)

20.49 (6.30)

20.25 (6.20)

20.38 (6.40)

b

c

<0.001

73 (27.3)

88 (34.2)

<0.001

0.277

b,c

9.06 (3.02)

8.67 (2.87)

Balance score

3.40 (1.07)b,c

3.25 (1.23)

3.25 (1.14)b

3.15 (1.30)c

<0.001

Chair score
Walk score

2.57 (1.35)b,c
3.35 (0.92)b,c

2.51 (1.36)
3.29 (1.00)

2.25 (1.38)b
3.18 (1.01)b

2.30 (1.44)c
3.10 (1.13)c

<0.001
<0.001

1510 (41.3)b,c

114 (42.7)d,e

136 (52.9)b,d

213 (53.1)c,e

<0.001

SPPB score

Physical functional impairment, n (%)

9.32 (2.76)

8.55 (3.28)

a

Notes: Data are mean (standard deviation), unless otherwise specified. Being statistically significant in pairwise comparisons: Without diabetes or IFG vs IFG. bWithout
diabetes or IFG vs Well-controlled diabetes. cWithout diabetes or IFG vs Poorly controlled diabetes. dIFG vs Well-controlled diabetes. eIFG vs Poorly controlled diabetes.
f
Well-controlled diabetes vs Poorly controlled diabetes. gNumbers of subjects with missing values are 23 for BMI, 37 for hypertension, and 143 for APOE genotype. In
subsequent analyses, missing data of each covariates were created as a dummy variable.
Abbreviations: APOE, apolipoprotein E; BMI, body mass index; IFG, impaired fasting glucose; MMSE, Mini-Mental State Examination; SPPB, Short Physical Performance
Battery.

as education, BMI, lifestyle factors, health conditions,
and APOE genotype (Table 2, Model 2). There were no
significant associations of IFG or well-controlled dia
betes with dementia. The associations of IFG and gly
caemic control status of diabetes with AD were
consistent with the associations of IFG and glycaemic
control status of diabetes with all-cause dementia.

Clinical Interventions in Aging 2021:16

There were no significant associations of IFG or dia
betes with MMSE score after adjusting for age and sex
(Table 3, Model 1). When additionally adjusted for multi
ple confounders, poorly controlled diabetes was signifi
cantly correlated with a lower MMSE score (Table 3,
Model 2). IFG and well-controlled diabetes had no asso
ciation with the MMSE score.
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Notes: Model 1: adjusted for age and sex. Model 2: additionally adjusted for education, BMI, alcohol consumption status, smoking status, hypertension, dyslipidemia, coronary heart disease, and stroke. When analysing the association of
IFG and diabetes with all-cause dementia and Alzheimer’s disease, we additionally adjusted for APOE genotype in Model 2. *p<0.05, **p<0.01, ***p<0.001.
Abbreviation: IFG, impaired fasting glucose.

0.97 (0.74–1.28)

1.40 (1.06–1.85)*
1.69 (1.35–2.12)***
1.63 (1.25–2.13)***
1.86 (1.49–2.31)***
0.70 (0.25–1.98)
2.32 (1.34–4.04)**
0.91 (0.42–1.93)
2.41 (1.52–3.84)***
Well-controlled diabetes
Poorly controlled diabetes

1.01 (0.48–2.12)
2.66 (1.72–4.13)***

0.67 (0.24–1.85)
2.36 (1.38–4.03)**

1.00 (Reference)
1.00 (Reference)

1.09 (0.83–1.42)
1.03 (0.43–2.45)

1.00 (Reference)

1.33 (0.69–2.59)

0.92 (0.39–2.17)

1.00 (Reference)

1.28 (0.67–2.45)
IFG

Without IFG or diabetes

1.00 (Reference)
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1.00 (Reference)

Model 2
Model 1
Model 2
Model 1
Model 2
Model 1

Odds Ratio (95% Confidence Interval)
Odds Ratio (95% Confidence Interval)

Odds Ratio (95% Confidence Interval)

Alzheimer’s Disease (n=116)
All-Cause Dementia (n=166)
Diabetes Status

Table 2 Associations of IFG and Diabetes with Cognitive Function and Physical Function

Physical Functional Impairment (n=1973)

Jia et al

Table 3 Associations of IFG and Diabetes with MMSE Score
Diabetes Status

β Coefficient (95% Confidence Interval)
Model 1

Model 2

Without IFG or diabetes

0.00 (Reference)

0.00 (Reference)

IFG

−0.30 (−0.96–0.35)

−0.38 (−0.94–0.18)

Well-controlled diabetes

0.07 (−0.60–0.75)

−0.39 (−0.97–0.19)

Poorly controlled diabetes

−0.47 (−1.01–0.08)

−0.67 (−1.14 - −0.20)**

Notes: Model 1: adjusted for age and sex. Model 2: additionally adjusted for
education, BMI, alcohol consumption status, smoking status, hypertension, dyslipi
demia, coronary heart disease, stroke, and APOE genotype. ** p < 0.01.
Abbreviations: IFG, impaired fasting glucose; MMSE, Mini-Mental State
Examination.

Associations of IFG and Diabetes with
Physical Functioning
After controlling for age and sex, well-controlled and poorly
controlled diabetes were both significantly associated with
physical functional impairment (Table 2, Model 1). In the
multi-adjusted models, the associations remained statisti
cally significant (Table 2, Model 2). There was no associa
tion between IFG and physical functional impairment.
Well-controlled and poorly controlled diabetes were
both associated with a lower balance score, chair score,
walk score, and total SPPB score when adjusted for age
and sex (Table 4, Model 1). When additionally adjusted
for multiple confounders, the associations of wellcontrolled and poorly controlled diabetes with a lower
chair score and total SPPB score remained statistically
significant. However, in the multi-adjusted models, poorly
controlled but not well-controlled diabetes was associated
with lower balance score and walk score (Table 4,
Model 2). After controlling for age and sex, IFG was
associated with a lower balance score (Table 4,
Model 1). However, when additionally adjusted for multi
ple confounders, the association became nonsignificant
(Table 4, Model 2). There was no association of IFG
with chair score, walk score, or total SPPB score.

Discussion
In this population-based cross-sectional study that targeted
rural community-dwelling older adults in China, we found
that poorly controlled diabetes was associated with
a higher likelihood of all-cause dementia and AD and
worse global cognitive performance. Both well-controlled
and poorly controlled diabetes were associated with
a higher likelihood of physical functional impairment.
This study draws attention to the fact that rural
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Abbreviations: IFG, impaired fasting glucose; SPPB, Short Physical Performance Battery.

(−1.00 - −0.47)***

−0.74
−0.93

(−1.20 - −0.66)***
(−0.33 - −0.15)***

−0.24
−0.31

(−0.40 - −0.22)***
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β Coefficient (95% Confidence Interval)

Chair Score
Balance Score
Diabetes Status

Table 4 Associations of IFG and Diabetes with SPPB Performance

Walk Score

SPPB Score
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community-dwelling older people with diabetes, especially
poorly controlled diabetes, have a higher likelihood of
cognitive impairment and physical functional impairment.
Due to the increased prevalence of diabetes and
dementia as people age, the association between diabetes
and cognitive impairment is increasingly being recog
nized. Previous studies suggested that diabetes patients
had a higher risk of cognitive impairment.28–31 However,
studies evaluating the associations of glycaemic control of
diabetes with cognitive function in older adults are few.
Similar to our results, the cross-sectional Mexican Health
and Ageing Study of 216 older participants showed that
poor glycaemic control was associated with worse global
cognitive performance.11 Furthermore, a longitudinal
study including 1289 American participants from the
Alzheimer’s Disease Neuroimaging Initiative suggested
that untreated diabetes was associated with a higher risk
for dementia, whereas treated diabetes was not, implying
that the risk of diabetes-related dementia may be attenu
ated by glycaemic control.32 However, these studies had
relatively smaller sample sizes, were of different ethnici
ties, did not make accurate dementia and dementia subtype
diagnoses, or classified the participants with diabetes by
self-reported antidiabetic agent status, without taking
blood glucose levels into account. Inconsistent with our
results, the Maine-Syracuse Longitudinal Study showed
that glycaemic control was not associated with the cogni
tive function of diabetes patients.33 However, this study
excluded participants with dementia, had a smaller sample
size, and studied middle-aged to older adults, who were
younger than our study, all of which may have led to the
inconsistency.
Our study found no significant association of IFG with
dementia, AD, or global cognitive performance. A crosssectional population-based study of 2994 Swedish partici
pants aged 61 years and older showed that prediabetes
(defined as IFG or impaired glucose tolerance) was asso
ciated with worse global cognitive performance.34
However, it did not distinguish between IFG and impaired
glucose tolerance, only analysed the associations between
prediabetes and neuropsychological tests performance
rather than dementia status, and it did not adjust for
some potential confounders, such as APOE genotypes,
which may have led to the inconsistency.
The mechanisms underlying the associations of dia
betes with dementia and AD are likely to be multifactorial and bidirectional. On the one hand, diabetes
induces neuronal death in different brain regions,
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especially the hippocampus,35 reduces the secretion of
brain-derived neurotrophic factor,36 induces structural
changes in cerebral microvessels,37 and leads to cerebro
vascular disturbances.38 On the other hand, the accumula
tion of the amyloid-beta peptide, which is the main
pathologic change in AD, may induce neuronal insulin
resistance,39 and insulin is significantly reduced in
advanced AD brains compared with aged control
brains.40 In addition, a person with dementia may be not
able to properly participate in the process of diabetes
therapy, which contributes to the poor diabetes control.
In addition to cognitive function, physical functioning
is also a core element of health-related quality of life. The
association between diabetes and physical functioning was
studied in several population-based studies and the results
are controversial. Consistent with our study, several stu
dies have shown that diabetes is associated with worse
physical functioning among older adults.14,41 However,
unlike our study, the Health ABC Study included 2364
American older white and black adults and showed that
although diabetes was associated with worse physical
functioning, diabetes was not associated with the standing
score, chair score, or walking score.42 The different ethni
cities and different confounders for adjustment, such as
peripheral nerve function, may have led to these different
results. Despite the large number of studies on diabetes,
only a limited number of studies have examined the asso
ciation between diabetes and physical functioning in
Chinese rural-dwelling older adults. Moreover, few studies
have focused on the association between glycaemic con
trol of diabetes and physical functioning.
Some mechanisms could explain the association between
diabetes and physical functional impairment. Poor glycaemic
control is associated with protein catabolism in skeletal mus
cle, which may lead to sarcopenia and thus result in a loss of
physical function.41,43 Furthermore, insulin resistance impairs
muscle glucose regulation, intracellular energy production and
muscle contraction, which leads to a faster decline in muscle
mass, strength and functional capacity.44
We did not find an association between IFG and physical
functional impairment. Diabetes, especially diabetes with poor
glycaemic control, was associated with a higher likelihood of
cognitive impairment and physical functional impairment, but
no association was detected between cognitive impairment or
physical functional impairment and IFG. Therefore, early
screening and effective treatment should be carried out at the
IFG stage, and more attention should be paid to cognitive and
physical function in older adults with diabetes.
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Our study targeted rural-dwelling older Chinese
adults, to whom inadequate attention has been given
thus far. In addition, we used comprehensive and vali
dated questionnaires to assess their dementia status and
physical function. However, our study also has limita
tions. First, the cross-sectional nature of our study lim
ited the possibility of making causal inferences. Second,
we grouped the different glycaemic control statuses of
diabetes by fasting blood glucose, since HbA1c was not
available at baseline in the MIND-China Study. The
standard for well-controlled diabetes may be too strict
for for older adults, and the overtreatment of diabetes
may also have a negative effect on cognitive functions
and general fitness of elderly people with diabetes.45,46
Third, some detailed information on diabetes, such as
diabetes type, duration, and complications, was not avail
able. Fourth, the MMSE we used to evaluate the global
cognitive function of older adults was largely influenced
by the participants’ educational level. For the illiterate
persons, there was a significant increase in low scores of
the MMSE,47 leading to a low level of MMSE score in
our study. The “floor effect” may lead us to underesti
mate the associations between poor glycaemic control of
diabetes and worse global cognitive function. Fifth, the
study participants were recruited exclusively from
a single rural area in China with limited education and
low-to-medium socioeconomic status, which should be
kept in mind when generalizing our findings to other
populations.

Conclusion
In conclusion, this large population-based study adds to
the body of evidence that poorly controlled diabetes is
associated with all-cause dementia and AD. In addition,
both well-controlled and poorly controlled diabetes were
associated with physical functional impairment. IFG was
not associated with dementia, global cognitive perfor
mance, or physical function. This also highlights that
early intervention for IFG, which is at a high-risk state
for developing diabetes, may be of great significance for
the prevention of diabetes-related dementia, cognitive
decline and physical functional impairment. Future longterm large-scale prospective studies and more compre
hensive assessments of the glycaemic control status of
diabetics are needed to clarify the causal relationships of
IFG and the glycaemic control status of diabetes with
cognitive and physical function.
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