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Abstract.
Background: Several studies have demonstrated that the elevated fasting blood glucose (FBG) may increase the risk of
incident dementia in older adults with or without diabetes mellitus (DM). However, similar results are rarely reported in
Chinese population.
Objective: This study aimed to demonstrate the association between FBG and risk of incident cognitive decline in older
Chinese adults.
Methods: We prospectively followed up 1,555 dementia-free participants with baseline FBG measurement in the Shanghai
Aging Study.
Results: We identified 126 incident dementia cases across a mean of 5.2 years. Cumulative dementia incidence in type II
DM participants with higher FBG (>6.1 mmol/L) increased most dramatically, second with that of non-DM participants
with higher FBG, than that of participants with lower FBG (≤6.1 mmol/L). DM participants had a significant higher risk of
incident dementia (adjusted HR 1.51, 95%CI 1.25–1.82) by every 1 mmol/L increment of FBG. Among DM participants,
baseline FBG was positively related to the rate of annual decline of MMSE (� = 0.10, p = 0.0018).
Conclusions: Our results suggest that especially in people with type II DM, effective blood glucose control may help to
prevent cognitive impairment in later life.
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INTRODUCTION

With the aging of the population, dementia has
become a major threat to public health worldwide,
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and the societal burden of dementia will be continu-
ally growing in the next decades [1, 2]. Prevalence
of diabetes mellitus (DM) was 6.8%, 11.0%, and
10.1% in Europe, North America and the Caribbean,
and South East Asia, respectively, as reported by the
International Diabetes Federation. There are 425 mil-
lion diabetics worldwide; among them, 104 million,
aged 60 or over, have impaired glucose tolerance [3].
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The high prevalence of DM together with unreal-
ized potential for prevention and treatment makes it
one of the most important modifiable risk factors for
dementia [4].

Population-based studies have demonstrated the
evidence that the risk of dementia and cognitive
deficits increased in people with DM [5, 6]. A system-
atic review from 14 longitudinal population-based
studies concluded that the incidence of “any demen-
tia” was higher in individuals with DM than in those
without DM [5]. In addition, some studies reported
that high glycemic index, impaired fasting glu-
cose, pre-diabetes, borderline diabetes, and impaired
glucose tolerance may associate with dementia,
cognitive decline, or brain volumes change, but
the findings were mostly from western populations
[7–15].

About one fifth of the world’s population is Chi-
nese. The China National Diabetes and Metabolic
Disorders Study reported that prevalence of DM was
rapidly increasing with age, from 3.2% in those
aged 20–39 years to 20.4% among those aged 60
years and over, and in recent years, the largest
increases have occurred in the oldest age groups
[16]. The association between DM and cognitive
impairment among Chinese older adults has been
studied with cross-sectional design [17–21]. Only
two prospective studies were conducted in Chi-
nese populations in Singapore and Hong Kong [22,
23]. The significant association between DM/blood
glucose and incident cognitive impairment, how-
ever, was not explored by their results. Prospective
community-based studies are lacking in mainland
China to understand the potential consequences of
the glucose metabolism for the risk of cognitive
decline.

The Shanghai Aging Study is a population-based
epidemiologic cohort study conducted in China with
a study design, operational procedures and diagnos-
tic criteria similar to most cohort studies in western
countries [24]. In the prospective stage, we aimed
to explore the association between baseline fasting
blood glucose (FBG) and risk of incident cogni-
tive decline among older Chinese adults residing
in an urban community. Our hypotheses were 1)
that elevated baseline FBG level would be indepen-
dently associated with an increased risk of dementia
incidence; 2) that baseline FBG level would be
positively correlated to global cognitive decline;
and 3) that the effect of the association may be
different between participants with and without
type II DM.

MATERIALS AND METHODS

Recruitment of study participants

From January 2010 to September 2011, we
enrolled 3,141 permanent residents aged 60 or older
in the Jingansi community in downtown Shanghai.
Participants were excluded if they(1) were resid-
ing in nursing homes and other institutions; 2) had
severe impairments in vision, hearing, or speaking
and thus could not participate in the neuropsycho-
logical evaluation; or 3) had severe schizophrenia or
mental retardation based on their medical record or
diagnosis by neurologists. Detailed procedure of the
recruitment has been published elsewhere [24].

This study was approved by the Medical Ethics
Committee of Huashan Hospital, Fudan University,
Shanghai, China. A written informed consent was
obtained from all of the participants and/or their legal
guardian.

Demographic characteristics and medical history

Participants were interviewed face-to-face by
trained research nurses to collect information on
their demographic characteristics and lifestyle fac-
tors, e.g., cigarette smoking. History of hypertension,
stroke, and heart disease (including coronary artery
disease and arrhythmia) were asked and confirmed
from their medical records. In addition, all partici-
pants’ weight and height were measured and recorded
in order to calculate body mass index (BMI) (weight
in kilograms divided by the square of the height in
meters). Obesity was defined as BMI ≥ 27.5 kg/m3

based on WHO definition for Asian populations [25].

DM ascertainment

Participants who reported a physician diagnosed
type II DM, and currently on anti-diabetic medication
were defined as having DM. Verification was made
by research nurses with checking the participants’
medical records and Jingansi Community diabetes
registry database.

Measurement of baseline FBG

Participants were instructed to fast after dinner
the night before for at least 12 hours. A 5 ml blood
sample was obtained from participants when they
arrived at the hospital for clinical interview in the next
early morning. FBG was assessed using a glucose
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oxidase assay [26] at the clinical laboratory in
Huashan Hospital. The normal range of FBG was
defined as 3.9–6.1 mmol/L, based on the value origi-
nated in diabetes diagnostic criteria of WHO [27].

Neuropsychological assessments

Cognitive function of each participant was
assessed by a neuropsychological test battery, which
covers the following domains: global cognition, exec-
utive function, spatial construction function, memory,
language, and attention. The battery contained the
1) Mini-Mental State Examination; 2) Conflicting
Instructions Task (Go/No Go Task); 3) Stick Test; 4)
Modified Common Objects Sorting Test; 5) Auditory
Verbal Learning Test; 6) Modified Fuld Object Mem-
ory Evaluation; 7) Trail-making tests A and B; and 8)
RMB (Chinese currency) test. The neuropsycholog-
ical tests were administered by study psychometrists
according to the education level of each participant.
Normative data and a detailed description of these
tests are reported elsewhere [28, 29]. All tests were
conducted in Chinese within 90 minutes.

Neurological examinations

Each participant was examined by neurologists
for motor responses and reflexes. Center for Epi-
demiologic Studies Depression Scale (CESD) was
administered to assess whether a participant met
criteria for depressive symptoms within the past
week. Depression was determined to be present if
the CESD score ≥ 16 [30]. Neurologists also admin-
istered the Clinical Dementia Rating [31, 32] and
Activities of Daily Living (ADL) scales to elicit mem-
ory complaints and physical activities of daily living
[33].

Consensus diagnosis

A group of neurologists, neuropsychologist,
and neuroepidemiologist reviewed the functional,
medical, neurological, psychiatric, and neuropsycho-
logical data and reached a consensus diagnosis for
dementia using DSM-IV criteria [34]. Detailed diag-
nostic procedures are reported elsewhere [24].

APOE Genotype Assessment

DNA was extracted from blood or saliva col-
lected from study participants. APOE genotyping was
conducted by the Taqman SNP method [35]. The

presence of at least one �4 allele was considered as
being APOE-�4 positive.

Follow up procedure

At baseline, 156 dementia cases were detected
among 3,141 participants, with an overall demen-
tia prevalence of 5.0% (95% CI: 4.3–5.8) [24, 29].
From April 1, 2014 to December 31, 2016, as the first
incidence wave, 2,985 participants without dementia
at baseline were scheduled to follow-up. Research
coordinators contacted them based on their contact
information recorded at the baseline. Cognitive func-
tion of participants was evaluated using the same
neuropsychological battery that was used at baseline.
Consensus diagnosis of incident dementia was con-
ducted by the same diagnosis group using the same
diagnostic criteria as at baseline.

Statistical analysis

Continuous variables were expressed as the mean
and standard deviation (SD), and categorical vari-
ables were expressed as number and frequencies (%).
The Student t-test, Wilcoxon rank-sum test, Pearson
Chi-square test, and Fisher exact test were used to
compare continuous and categorical variables.

According to the normal range of FBG
(3.9–6.1 mmol/L) originating in diabetes diag-
nostic criteria of WHO [27], 4 subgroups of
participants were defined as: 1) DM participants
with higher baseline FBG (>6.1 mmol/L), 2) DM par-
ticipants with lower baseline FBG (≤6.1 mmol/L),
3) non-DM participants with higher baseline FBG
(>6.1 mmol/L), and 4) non-DM participants with
lower baseline FBG (≤6.1 mmol/L).

Incidence rate of dementia was calculated as the
number of new-onset cases divided by the total
person-years of follow-up and described as “per
100 person-years, 95% confidence intervals (CIs)”.
Kaplan-Meier curves were used to present the cumu-
lative incidence of dementia by follow-up time.
Log-rank test and post hoc pairwise comparisons
were used to compare the cumulative incidence rate
of dementia within four subgroups.

Three Cox proportional hazard regression models
were used to estimate the hazard ratio (HR) and 95%
CI for incident dementia by baseline FBG as contin-
uous variable, in DM and non-DM groups. Model 1
was a univariate model to explore the “crude” effect of
baseline FBG on incident dementia without consid-
ering other confounders. Model 2 was a multivariate



1258 F. Wang et al. / Fasting Blood Glucose and Risk of Cognitive Decline in Older Adults

model adjusting for sex, age, education years, and
APOE �4, which were the major covariates. Model
3 was also a multivariate model additionally include
covariates such as obesity, cigarette smoking, heart
disease, hypertension, stroke and depression, in order
to adjust confounders of vascular and mental factors.
The weighted Schoenfeld residual-based test was
used to check the proportional hazards (PH) assump-
tion. p values of the all variables were all greater
than 0.05, indicating that each variable satisfied the
PH assumption, and the global test of model satis-
fied the PH assumption (χ2 = 6.25, p = 0.8563). As
a sensitivity analysis, competing risk analysis where
lost to follow-up is treated as the competing risk was
conducted by the Fine-Gray’s model. Sex, age, years
of education, APOE �4, obesity, cigarette smoking,
depression, heart disease, hypertension, and stroke
were included as covariates. The mean follow-up time
(June 31, 2015) was considered as the time when
participants who were lost to follow-up censored.

For a given participant, the “rate of annual decline
of MMSE score”, which indicates the worse annual
change in global cognitive function across the follow-
up period of evaluation, was calculated as the
difference of MMSE scores (the baseline MMSE
minus the follow-up MMSE) divided by follow-up
years [36]. In DM and non-DM groups, multivari-
ate linear regression model was used to examine the
association of baseline FBG level and the rate of
annual decline of MMSE, adjusting sex, age, years
of education, APOE �4, obesity, cigarette smoking,
heart disease, hypertension, stroke, depression, and
baseline MMSE score. Residual plots were used to
check the linearity assumption of the linear regression
models.

All of the p-values and 95%CIs were estimated
in a two-tailed manner. Differences were considered
to be statistically significant at p < 0.05. Data were
analyzed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA).

RESULTS

Characteristics of participants with or without
baseline FBG

We successfully followed and interviewed 1,659
(55.6%) participants, in which 1,555 (52.1%) had
the FBG measurement at the baseline, and with a
mean follow-up of 5.2 (SD 0.9) years. One hun-
dred and four participants were not included in
the analysis because they refused taking the FBG

measurement at baseline. Compared to participants
with baseline FBG, they were older [82.9 (SD
5.8) versus 70.7(SD 6.9), p < 0.0001], less obese
(11.5% versus 20.1%, p = 0.0337), with higher preva-
lent heart disease (27.9% versus 10.6%, p < 0.0001),
hypertension (71.2% versus 52.8%, p = 0.0010),
stroke (19.2% versus 12.5%, p = 0.0492), lower
MMSE score [26.2(SD 3.0) versus 28.3(SD 1.9),
p < 0.0001], and more severe ADL impairment [23.6
(SD 7.7) versus 20.4(SD 2.8), p < 0.0001] (Table 1).

Characteristics of participants followed up and
lost-to-follow up

Individuals who were lost-to-follow up included
263 (8.8%) deceased, 271 (9.1%) who refused to be
interviewed, 779 (26.1%) with whom we lost contact
(due to moving to an unknown residential address,
abroad, or to nursing homes), and 13 (0.4%) who suf-
fered severe mental disorder or impairment of vision,
hearing or speaking and were not able to cooper-
ate with clinical interviews and neuropsychological
testing. There were no significant differences by sex,
education, stroke, APOE �4, cigarette smoking, and
FBG between those followed and lost-to-follow up
(Supplementary Table 1). We also compared the char-
acteristics of participants with and without incident
dementia (Supplementary Table 2).

Characteristics of participants with
FBG ≤ 6.1 mmol/L and FBG > 6.1 mmol/L

As showed in Table 1, among 1,555 participants,
359 (23.1%) with FBG > 6.1 mmol/L. Comparing
with FBG ≤ 6.1 mmol/L participants, those with
FBG > 6.1 mmol/L were significantly older [71.9
(SD 6.6) versus 70.4 (SD 6.9), p = 0.0001], and
with less education years [11.4 (SD 4.4) ver-
sus 12.2 (SD 3.8), p = 0.0067]. Participants with
FBG > 6.1 mmol/L were assessed lower MMSE score
at baseline [28.1 (SD 2.1) versus 28.4 (SD 1.9),
p = 0.0037], lower MMSE score at follow-up [26.5
(SD 3.9) versus 27.0 (SD 3.8), p = 0.0010], higher rate
of annual decline of MMSE score [0.4 (SD 0.9) versus
0.3 (SD 1.0), p = 0.0237] and more dementia (10.9%
versus 7.3%, p = 0.0288). In addition, participants
with FBG > 6.1 mmol/L had more obesity (28.1%
versus 17.6%, p < 0.0001), heart disease (13.1% ver-
sus 9.8%, p = 0.0045), hypertension (61.8% versus
50.1%, p < 0.0001), and DM (5.4% versus 40.1%,
p < 0.0001).
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Table 1
Baseline characteristics of sociodemographic, health behaviors, genetics, medical history, and cognitive function of the participants who

completed the incidence wave

Completed Completed p∗ FBG ≤ 6.1 FBG > 6.1‡ p†
follow-up follow-up mmol/L mmol/L

interview without interview with N = 1,196 N = 359
baseline FBG baseline FBG

N = 104 N = 1,555

Sex, male, n (%) 30 (28.9) 729 (46.9) 0.0004 554 (46.3) 175 (48.8) 0.4193
Age, y, mean (SD) 82.9 (5.8) 70.7 (6.9) <0.0001 70.4 (6.9) 71.9 (6.6) 0.0001
Education, y, mean (SD) 10.1 (4.9) 12.0 (4.0) 0.0002# 12.2 (3.8) 11.4 (4.4) 0.0067#

Obesity, n (%) 12 (11.5) 312 (20.1) 0.0337 211 (17.6) 101 (28.1) <0.0001
Cigarette smoking, n (%) 6 (5.8) 163 (10.5) 0.1222∗∗ 131 (11.0) 32 (8.9) 0.2608
Heart disease, n (%) 29 (27.9) 164 (10.6) <0.0001 117 (9.8) 47 (13.1) 0.0045
Hypertension, n (%) 74 (71.2) 821 (52.8) 0.0003 599 (50.1) 222 (61.8) <0.0001
Diabetes mellitus type II, n (%) 12 (11.5) 209 (13.4) 0.5805 65 (5.4) 144 (40.1) <0.0001
Stroke, n (%) 20 (19.2) 195 (12.5) 0.0492 147 (12.3) 48 (13.4) 0.5881
Depression, n (%) 13 (12.5) 232 (14.9) 0.5007 181 (15.3) 51 (14.2) 0.6653
MMSE, mean (SD) 26.2 (3.0) 28.3 (1.9) <0.0001# 28.4 (1.9) 28.1 (2.1) 0.0037#

ADL, mean (SD) 23.6 (7.7) 20.4 (2.8) <0.0001# 20.3 (2.1) 20.8 (4.5) 0.0017#

APOE �4 allele positive, n (%) 7 (15.9) 250 (17.0) 0.8544∗∗ 204 (17.1) 46 (12.8) 0.1802
Dementia, n (%) 42 (40.4) 126 (8.1) <0.0001 87 (7.3) 39 (10.9) 0.0288
Follow-up MMSE, mean (SD) 22.8 (6.5) 26.9 (3.8) <0.0001# 27.0 (3.8) 26.5 (3.9) 0.0010#

Rate of annual decline of MMSE, mean (SD) 1.1 (1.8) 0.3 (1.0) <0.0001# 0.3 (1.0) 0.4 (0.9) 0.0237#

*Comparison between the groups with and without baseline FBG; †Comparison between the groups with FBG ≤ 6.1 mmol/L and FBG > 6.1
mmol/L; ‡6.1 mmol/L was the fasting glucose upper normal limits; Pearson Chi-square test, Student T test, #Wilcoxon rank sum test;
**Fisher exact test. FBG, Fasting blood glucose; ADL, activities of daily living scales; APOE, apolipoprotein E; MMSE, Mini-Mental State
Examination; SD, standard deviation.

Incidence rate within all participants and
subgroups

Dementia incidence in the DM participants with
higher FBG (>6.1 mmol/L) (144 participants with
743.2 person-years) and lower FBG (≤6.1 mmol/L)
(65 participants with 344.2 person-years) were
2.42 (95%CI 1.30–3.54)/100 person-years and 1.39
(95%CI 1.09–1.68)/100 person-years. Incidence rate
of dementia in non-DM participants with higher FBG
(215 participants with 1,078.6 person-years) and
lower FBG (1,131 participants with 5992.0 person-
years) were 1.93 (95%CI 1.11–2.76)/100 person-
years and 1.16 (95%CI 0.02–2.30)/100 person-years

Association between FBG and incident cognitive
decline

Cumulative incidence rate of dementia in DM
participants with higher baseline FBG (>6.1 mmol/L)
increased most dramatically, second with that of
non-DM participants with higher FBG, than that of
participants with lower FBG (≤6.1 mmol/L) (log-
rank test, p = 0.0412) (Fig. 1). A significant difference
of cumulative incidence rate was found between DM
participants with higher FBG and non-DM partic-
ipants with lower FBG (p = 0.0242). Similar result

was found in non-DM participants with lower FBG
versus non-DM participants with higher FBG
(p = 0.0472).

Figure 2 showed that DM participants had a
51% higher risk for incident dementia (HR = 1.51,
95%CI 1.25–1.82) for every 1 mmol/L increment
of baseline FBG, adjusting for age, sex, education,
APOE �4, obesity, cigarette smoking, heart disease,
hypertension, stroke, and depression (Model 3). No
statistically significant association was found among
non-DM participants. In a sensitivity analysis for
treating the lost-to-follow up as the competing risk,
we also found that DM participants had a 33%
higher risk for incident dementia (HR = 1.33, 95%CI
1.15–1.54) by every 1 mmol/L increment of baseline
FBG among DM participants. However, no statis-
tically significant association was found among all
participants (HR = 1.07, 95%CI 0.96–1.21) and non-
DM participants (HR = 1.00, 95%CI 0.85–1.18).

Among DM participants, baseline FBG was pos-
itively related to the rate of annual decline of
MMSE, after adjusted for age, sex, education, base-
line MMSE scores, APOE �4, obesity, cigarette
smoking, heart disease, hypertension, stroke, and
depression (� = 0.10, p = 0.0018). Significant relation
was not found in non-DM participants (� = –0.03,
p = 0.375) (Fig. 3).
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Fig. 1. Cumulative incidence of dementia in DM and non-DM subgroups by category of baseline fasting blood glucose. Note: (1) Cumulative
incidence rate of dementia in DM participants with higher baseline FBG (>6.1 mmol/L) increased most dramatically, second with that of
non-DM participants with higher FBG, than that of participants with lower FBG (≤6.1 mmol/L) (log-rank test, p = 0.0412); (2) DM with
lower FBG: DM participants with baseline FBG ≤ 6.1 mmol/L; DM with higher FBG: DM participants with FBG > 6.1 mmol/L; Non-DM
with higher FBG: non-DM participants with higher FBG > 6.1 mmol/L; Non-DM with lower FBG: non-DM participants with FBG ≤ 6.1
mmol/L. DM, diabetic mellitus; FBG, fasting blood glucose.

Fig. 2. Hazard ratios for incident dementia by baseline fasting
blood glucose as continuous variable in total, DM and non-DM
participants. Note: (1) DM participants had significantly higher
risk for incident dementia by every 1 mmol/L increment of baseline
FBG in 3 Cox regression model, adjusting for age, sex, education,
APOE �4, obesity, cigarette smoking, heart disease, hypertension,
stroke, and depression. No statistically significant association was
found among non-DM participants; (2) Model 1: Univariate anal-
ysis; Model 2: Multivariate Cox regression model, adjusted for
sex, age, years of education, and APOE �4; Model 3: Multivariate
Cox regression model, adjusted for sex, age, years of education,
APOE-�4, obesity, cigarette smoking, depression, heart disease,
hypertension, and stroke. HR, hazard ratio; CI, confidence interval;
DM, diabetic mellitus; APOE, apolipoprotein E.

DISCUSSION

Our study found a positive association between
baseline FBG level and risk of incident all-cause
dementia and global cognitive function decline
in participants with type II DM, but not in those
without, after controlling for confounders of socio-
demographic characteristics, health behaviors,
APOE genotype, and medical conditions. These data
suggest that elevated FBG may have deleterious
effects on the aging brain, especially in population
with DM, even a slight increase of FBG may induce
a higher risk of cognitive decline. To our knowledge,
this is the first prospective community-based study
providing the evidence for the association between
baseline FBG and risk of cognitive decline among
Chinese older adults through the Shanghai Aging
Study.

The association between DM and cognitive impair-
ment among Chinese older adults has been studied.
A dementia prevalence study found that, demented
subjects had a greater duration of diabetes [OR 1.42,
(95%CI 1.35–1.49)], and took more frequent use of
diabetes medications [OR 0.94, (95%CI 0.89–0.98)]
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Fig. 3. Linear relation of baseline fasting blood glucose and rate of annual decline of MMSE in DM and non-DM participants. Note: (1)
Among DM participants, baseline FBG was positively related to the rate of annual decline of MMSE, after adjusted for age, sex, education,
APOE �4, obesity, cigarette smoking, heart disease, hypertension, stroke, depression, and baseline MMSE (A); significant relation was not
found in non-DM participants (B); (2) shadow represents 95% Confidence Interval (CI); dotted line represents 95% prediction limits; solid
line represents regression line. MMSE: Mini-Mental State Examination; APOE, apolipoprotein E.

[17]. A cross-sectional study demonstrated that fast-
ing plasma glucose was related to increased risk of
cognitive impairment [OR 1.18, (95%CI 1.02–1.35)]
among participants with Type II DM [18]. DM

was also found to be associated with mild cogni-
tive impairment (MCI) with vascular risk factors
[OR 1.48, (95%CI 1.16–1.87)] and MCI result-
ing from cerebrovascular disease [OR 1.38, (95%CI
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1.02–1.86)] [19]. However, a study in Hong Kong
reported that prevalent diabetes was not associ-
ated with cognitive impairments [OR 0.92, (95%CI
0.61–1.39)]. No significant association between inci-
dent diabetes and cognitive impairments [adjusted
OR 2.6, (95%CI 0.3–23.2)] was reported after a
3-year-follow-up [21, 23]. The Epidemiology of
Dementia in Singapore (EDIS) study showed that dia-
betes was associated with MCI [OR 1.85, (95%CI
1.11–3.05)] as well as moderate/dementia [OR 2.11,
(95%CI 1.23–3.61)] [20], while the Singapore Lon-
gitudinal Ageing Studies demonstrated that elevated
blood glucose was not significantly with cognitive
decline [adjusted OR 0.94, (95%CI 0.64–1.38)] [22].

Our results are consistent with that from previ-
ous studies in western population. Two independent
prospective studies [PROspective Study of Pravas-
tatin in the Elderly at Risk (PROSPER) and the
Rotterdam Study] with a total 8,447 participants,
aged 61–97 years demonstrated that participants with
a DM history had worse cognitive decline across the
majority of test compared with participants without
a DM history. Higher levels of FBG were not asso-
ciated with worse annual change in global cognitive
function in older people without a DM history [8].
The Health, Aging, and Body Composition (Health
ABC) study was a prospective cohort study with
3,069 older adults meanly aged 74.2 years. It was
reported that DM and poor glucose control among
individuals with DM were associated with cogni-
tive function (assessed by Modified MMSE and
Digit Symbol Substitution Test) and greater decline
compared to those without DM [12]. The Sydney
Memory and Ageing Study, investigating a longitudi-
nal population-derived cohort with 1,037 adults aged
70–90years, found that glucose disorders and dia-
betes were associated with greater 2-year decline in
total brain volume [40.0(SD 4.2) versus 46.7(SD 5.7)
versus 18.1(SD 6.2) mm3, respectively, p < 0.005].
Incident glucose disorders, like diabetes, were associ-
ated with accelerated decline in global cognition and
brain volumes in non-demented elderly, whereas sta-
ble impaired fasting glucose was not [10]. Few studies
have reported the relationship between cognitive
decline and FBG or insulin level in non-DM individ-
uals. The Adults Changes in Thought (ACT) study
reported that after followed 2,581 dementia-free
members for a median of 6.8 years, higher average
glucose levels were related to an increased risk of
dementia among participants with DM [adjusted HR
1.40, (95%CI 1.12–1.76)] and participants without
DM [adjusted HR 1.18, (95%CI 1.04–1.33)] [7]. The

Nurses’ Health Study showed that the higher insulin
levels in non-DM participants were related to faster
cognitive decline [37]. These results of non-DM par-
ticipants are not in agreement with ours. Reasons may
include the definition of non-DM, as well as different
length of follow-up.

Vascular risk factors may act as confounders
or mediators in the association between FBG and
dementia or cognitive decline. The Honolulu-Asia
Aging study reported type II diabetes increased
incidence of both AD and vascular dementia
in a population-based cohort of 2,574 Japanese-
American [38]. In addition, neuroimaging data have
suggested that the increased risk of cognitive decline
and dementia in patients with diabetes may be due
to dual pathological processes involving both cere-
brovascular damages and neurodegenerative changes
[39].

The APOE �4 allele has been confirmed to be a
strong risk factor of dementia in western populations.
In China, the incidence phase of the Shanghai Sur-
vey of Dementia reported a similar APOE �4 risk of
developing AD to that in western community stud-
ies [40]. Two case-control studies also stated that the
APOE �4 was associated with AD in Chinese patients
[41, 42]. The frequency of the APOE �4 allele in our
study population is 9.3%, which is in the range of that
in Asian (including Chinese) populations (6.3–9.3%)
[43–45], but lower than that in Caucasian and African
American populations (11–27%) [46]. Our study did
not find a significant difference in the proportion of
participants with APOE �4 allele between the partic-
ipants who developed dementia and those who did
not. The inconsistent result may be due to different
study design, sample representativeness, or sample
size.

Elevated blood glucose levels may contribute to
an increased risk of dementia and cognitive decline
through several potential mechanisms. Increased
blood glucose may have direct detrimental effects
on vascular endothelium or atherosclerotic plaques.
Obesity, insulin resistance, atherogenic dyslipidemia
and hypertension may cause the blood glucose dys-
regulation. These factors constitute the metabolic
syndrome, which are reported to be predictors of cere-
brovascular disease, ischemic stroke, and accelerated
cognitive decline and dementia [47–50]. Addition-
ally, “toxic” effects of hyperglycemia can lead to
slowly progressive functional and structural abnor-
malities in the brain. Studies demonstrated that
chronic hyperglycemia may lead to cognitive impair-
ments and abnormalities in synaptic plasticity in
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rats [51, 52]. These processes could affect brain tis-
sue directly, at the same time, could also lead to
microvascular changes [51]. Furthermore, indirect
neurodegeneration induced by advanced glycation
end-products which are probably involved in the
neurotoxic pathways of amyloid-� in the patho-
genesis of Alzheimer’s disease (AD). Hypofunction
of the insulin-degrading enzyme which metabolizes
amyloid-� and insulin is associated with greater risk
of AD and cognitive impairment [53, 54].

Strengths of the current study include the prospec-
tive study design, suggesting a directional relation
between baseline FBG and incident dementia, a rel-
atively large sample size, and adjustment of relevant
confounders. We defined the DM history based on
self-report confirmed by medical record to avoid the
miss-reporting from the participants. In addition, the
diagnosis of cognitive function was based on com-
plete clinical, neuropsychological assessments, as
well as consensus diagnosis for every participant both
at the baseline and follow-up interview.

There are some limitations in this study as well.
Firstly, we could not distinguish subtypes of inci-
dent dementia by brain image because only part of
the dementia cases undertook a CT/MRI examina-
tion. Secondly, although we measured the FBG in
the early morning by a standardized protocol, a spot
measured FBG may not enough represent the partic-
ipants’ real blood glucose level, as well as the trend
of FBG changes. Thirdly, we did not include 104
participants whose baseline FBG was lacking and
1,326 participants who lost to follow-up. These par-
ticipants will more likely to have cognitive decline,
thus dementia incidence and effect of the association
between FBG and cognitive decline might be under-
estimated. Fourthly, because the latency period for
neurodegenerative disease lasts many years, most of
the participants who were diagnosed with incident
dementia might already have pre-clinical cognitive
impairment at baseline. This is confirmed with the
rather lower baseline MMSE score of the group even-
tually diagnosed with dementia. We did an additional
analysis including baseline MMSE, and found a
persist association between FBG and dementia (Sup-
plementary Table 3). Besides baseline MMSE, there
might be other confounding variables that have not
been measured in our study. For example, participants
with DM and higher FBG may well be undertreated
and have a higher risk for dementia as a conse-
quence. Efficacy of different antidiabetic drugs may
influence the blood glucose control. Homocysteine
was reported as a potentially important modifiable

cause of cognitive dysfunction in older adults [55,
56]. Fifthly, we did not include the clinical diagno-
sis and FBG assessment during the follow-up period,
therefore the effect of blood glucose control to the
dementia risk could not be measured. Finally, because
our study participants are living in downtown Shang-
hai, a developed metropolis with high standard of
living conditions, our results would have a limited
generalizability to the whole Chinese population.

In conclusion, our results demonstrated a signif-
icantly positive association between baseline FBG
level and risk of incident cognitive decline among
older participants with type II DM in the Shanghai
Aging Study. It suggests that, especially in people
with DM, effective blood glucose control may help
to prevent cognitive impairment in later life. Prospec-
tive studies with larger sample size, longer follow-up,
longitudinal blood glucose monitoring and perfor-
mance in domain-specific cognitive measures should
be conducted to further understand the consequences
of the glucose metabolism for the risk of cognitive
impairment in older population.
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Diabetes, impaired fasting glucose, and cognitive decline
in a population of elderly community residents. Aging Clin
Exp Res 24, 377-383.

[12] Yaffe K, Falvey C, Hamilton N, Schwartz AV, Simonsick
EM, Satterfield S, Cauley JA, Rosano C, Launer LJ, Strot-
meyer ES, Harris TB (2012) Diabetes, glucose control, and
9-year cognitive decline among older adults without demen-
tia. Arch Neurol 69, 1170-1175.

[13] Xu W L, von Strauss E, Qiu C X, B Winblad, L
Fratiglioni (2009) Uncontrolled diabetes increases the risk
of Alzheimer’s disease: A population-based cohort study.
Diabetologia 52, 1031.

[14] Seetharaman S, Andel R, McEvoy C, Aslan AKD, Finkel
D, Pedersen NL (2014) Blood glucose, diet-based glycemic
load and cognitive aging among dementia-free older adults.
J Gerontol A Biol Sci Med Sci 70, 471-479.

[15] Awad N, Gagnon M, Messier C (2004) The relationship
between impaired glucose tolerance, type 2 diabetes, and
cognitive function. J Clin Exp Neuropsychol 26, 1044-1080.

[16] Yang W, Lu J, Weng J, Jia W, Ji L, Xiao JZ, Shan ZY, Liu J,
Tian HM, Ji QH, Zhu DL, Ge JP, Lin LX, Chen L, GuoXH,
Zhao ZG, Li Q, Zhou ZG, Shan GL, He J (2010) Prevalence
of diabetes among men and women in China. N Engl J Med
362, 1090-1101.

[17] Fei M, Yan Ping Z, Ru Juan M, L Ning Ning, G Lin (2013)
Risk factors for dementia with type 2 diabetes mellitus
among elderly people in China. Age Ageing 42, 398-400.

[18] Gao Y, Xiao Y, Miao R, Zhao J, Cui M, Huang G, Fei M
(2016) The prevalence of mild cognitive impairment with
type 2 diabetes mellitus among elderly people in China: A
cross-sectional study. Arch Gerontol Geriatr 62, 138-142.

[19] Jia J, Zhou A, Wei C, Jia X, Wang F, Li F, Wu X, Vincent
M, Serge G, Tang M, Chu L (2014) The prevalence of mild
cognitive impairment and its etiological subtypes in elderly
Chinese. Alzheimers Dement 10, 439-447.

[20] Hilal S1, Ikram MK, Saini M, Tan CS, Catindig JA, Dong
YH, Lim LB, Ting EY, Koo EH, Cheung CY, Qiu A, Wong
TY, Chen CL, Venketasubramanian N (2013) Prevalence of
cognitive impairment in Chinese: Epidemiology of demen-
tia in Singapore study. J Neurol Neurosurg Psychiatry 84,
686-692.

[21] Woo J, Ho S C, Lau S, Lau J, Yuen YK (1994) Prevalence of
cognitive impairment and associated factors among elderly
Hong Kong Chinese aged 70 years and over. Neuroepidemi-
ology 13, 50-58.

[22] Ho R C, Niti M, Yap K B, Kua E H, Ng, T P (2008) Metabolic
syndrome and cognitive decline in Chinese older adults:
Results from the Singapore longitudinal ageing studies. Am
J Geriatr Psychiatry 16, 519-522.

[23] Ho S C, Woo J, Sham A, Chan S G, Yu A L (2001) A 3-
year follow-up study of social, lifestyle and health predictors
of cognitive impairment in a Chinese older cohort. Int J
Epidemiol 30, 1389-1396.

[24] Ding D, Zhao Q, Guo Q, Meng H, Wang B, Yu P, Luo
J, Zhou Y, Yu L, Zheng L, Chu S, Mortimer JA, Boren-
stein AR, Hong Z (2014) The Shanghai Aging Study: Study
design, baseline characteristics, and prevalence of dementia.
Neuroepidemiology 43, 114-122.

[25] Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet
363, 157-163.

[26] Aubree-Lecat A, Hervagault C, Delacour A, Beaude P,
Bourdillon C, Remy M (1989) Direct electrochemical deter-
mination of glucose oxidase in biological samples. Anal
Biochem 178, 427-430.

[27] World Health Organization (1999) Definition, Diagnosis
and Classification of Diabetes Mellitus and Its Complica-
tions. World Health Organization, Geneva, Switzerland.

[28] Zhang MY, Katzman R, Salmon D, Jin H, Cai GJ, Wang ZY,
Qu GY, Grant I, Yu E (1990) The prevalence of dementia
and Alzheimer’s disease in Shanghai, China: Impact of age,
gender, and education. Ann Neurol 27, 428-437.

[29] Ding D, Zhao Q, Guo Q, Meng H, Wang B, Luo J, Mor-
timer JA, Borenstein AR, Hong Z (2015) Prevalence of
mild cognitive impairment in an urban community in China:
A cross-sectional analysis of the Shanghai Aging Study.
Alzheimers Dement 11, 300-9.e2.

[30] Zhang J, Norvilitis JM (2002) Measuring Chinese psycho-
logical well-being with Western developed instruments. J
Pers Assess 79, 492-511.

[31] Morris JC (1993) The Clinical Dementia Rating (CDR):
Current version and scoring rules. Neurology 43, 2412-
2414.

[32] Lim WS, Chong MS, Sahadevan S (2007) Utility of the
clinical dementia rating in Asian populations. Clin Med Res
5, 61-70.

[33] Lawton MP, Brody EM (1969) Assessment of older people:
Self-maintaining and instrumental activities of daily living.
Gerontologist 9, 179-186.

http://www.diabetesatlas.org/
https://doi.org/10.1101/148155


F. Wang et al. / Fasting Blood Glucose and Risk of Cognitive Decline in Older Adults 1265

[34] American Psychiatric Association (1994) Diagnostic and
Statistical Manual of Mental Disorders, 4th Ed. Washing-
ton, DC.

[35] Smirnov DA, Morley M, Shin E, Spielman RS, Cheung
VG (2009) Genetic analysis of radiation-induced changes
in human gene expression. Nature 459, 587-591.

[36] Katzman R, Brown T, Thal LJ, Fuld PA, Aronson M, Butters
N, Klauber MR, Wiederholt W, Pay M, Xiong RB (1998)
Comparison of rate of annual change of mental status score
in four independent studies of patients with Alzheimer’s
disease. Ann Neurol 24, 384-389.

[37] Van Oijen M, Okereke OI, Kang JH, Pollak MN, Hu FB,
Hankinson SE, Grodstein F (2008) Fasting insulin levels
and cognitive decline in older women without diabetes.
Neuroepidemiology 30, 174-179.

[38] Peila R, Rodriguez BL, Launer LJ (2002) Type 2 dia-
betes, APOE gene, and the risk for dementia and related
pathologies: The Honolulu-Asia Aging Study. Diabetes 51,
1256-1262

[39] van Harten B, de Leeuw FE, Weinstein HC, Scheltens P,
Biessels GJ (2006) Brain imaging in patients with diabetes:
A systematic review. Diabetes Care 29, 2539-2548.

[40] Katzman R, Zhang M Y, Chen P J, Gu N, Jiang S,
Saitoh T, Chen X, Klauber M, Tomas RG, Liu WT, Yu
ESH (1997) Effects of apolipoprotein E on dementia and
aging in the Shanghai Survey of Dementia. Neurology 49,
779-785.

[41] Hong CJ, Liu TY, Liu HC, Wang SJ, Fuh JL, Chi CW,
Lee KY, Sim CB (1996) Epsilon 4 allele of apolipopro-
tein E increases risk of Alzheimer’s disease in a Chinese
population. Neurology 46, 1749-1751.

[42] Yang J, Feng G, Zhang J, Hui Z, Breen G, St Clair D, He L
(2001) Is ApoE gene a risk factor for vascular dementia in
Han Chinese? Int J Mol Med 7, 217-219.

[43] Hu P, Qing YH, Jing CX, Lu L, Hu B, Du PF (2011) Does
the geographical gradient of ApoE4 allele exist in China? A
systemic comparison among multiple Chinese populations.
Mol Biol Rep 38, 489-494.

[44] Liang S, Pan M, Geng HH, Chen H, Gu LQ, Qin XT, Qian
JJ, Zhu JH, Liu CF (2009) Apolipoprotein E polymorphism
in normal Han Chinese population: Frequency and effect on
lipid parameters. Mol Biol Rep 36, 1251-1256.

[45] Katzman R, Zhang MY, Chen PJ, Gu N, Jiang S, Saitoh T,
Chen X, Klauber M, Thomas RG, Liu WT, Yu ESH (1997)
Effects of apolipoprotein E on dementia and aging in the
Shanghai Survey of Dementia. Neurology 49, 779-785.

[46] Jun G, Naj A, Beecham GW, Wang L, Buros J, Gallins
P, Buxbaum J (2010) Meta-analysis confirms CR1, CLU,
and PICALM as Alzheimer’s disease risk loci and reveals
interactions with APOE genotypes. Arch Neurol 67, 1473-
1484.

[47] Whitmer RA, Sidney S, Selby J, Johnston SC, Yaffe
K (2005) Midlife cardiovascular risk factors and risk of
dementia in late life. Neurology 64, 277-281.

[48] Yaffe K, Kanaya A, Lindquist K, Simonsick EM, Har-
ris T, Shorr RI, Tylavsky FA, Newman AB (2004) The
metabolic syndrome, inflammation, and risk of cognitive
decline. JAMA 292, 2237-2242.

[49] Kernan WN, Inzucchi SE, Viscoli CM, Brass LM, Bra-
vata DM, Horwitz RI (2002) Insulin resistance and risk for
stroke. Neurology 59, 809-815.

[50] Launer LJ (2005) Diabetes and brain aging: Epidemiologic
evidence. Curr Diab Rep 5, 59-63.

[51] Gispen WH, Biessels GJ (2000) Cognition and synaptic
plasticity in diabetes mellitus. Trends Neurosci 23, 542-549.

[52] Biessels GJ, Kamal A, Ramakers GM, Urban IJ, Spruijt
BM, Erkelens DW, Gispen WH (1996) Place learning and
hippocampal synaptic plasticity in streptozotocin-induced
diabetic rats. Diabetes 45, 1259-1266.

[53] Yan SD, Chen X, Fu J, Chen M, Zhu H, Roher A, Slattery
T, Zhao L, Nagashima M, Morser J, Migheli A, Nawroth
P, Stern D, Schmidt AM (1996) RAGE and amyloid-beta
peptide neurotoxicity in Alzheimer’s disease. Nature 382,
685-691.

[54] Farris W, Mansourian S, Chang Y, Lindsley L, Eckman EA,
Frosch MP, Eckman CB, Tanzi RE, Selkoe DJ, Guénette
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