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Abstract

Introduction: Population-based studies have rarely explored the associations of
the triglyceride-glucose (TyG) index, a surrogate marker of insulin resistance, with
dementia and plasma biomarkers for amyloid beta (AB) and neurodegeneration.
Methods: This population-based study included 5199 participants (age > 65 years); of
these, plasma A, total tau, and neurofilament light chain (NfL) were measured in 1287
persons. Dementia and subtypes were diagnosed following the international criteria.
TyG index was calculated as In(fasting triglyceride(mg/dL) x fasting glucose[mg/dL]/2).
Data were analyzed using logistic and general linear regression models.

Results: Dementia, Alzheimer’s disease (AD), and vascular dementia (VaD) were diag-
nosed in 301, 195, and 95 individuals, respectively. A high TyG index was significantly
associated with increased likelihoods of dementia and AD; the significant association
with dementia remained among participants without cardiovascular disease or dia-
betes. In the biomarker subsample, a high TyG index was correlated with elevated
plasma AB, but not with total tau or NfL.
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1 | BACKGROUND

Type 2 diabetes is a well-established risk factor for dementia and
Alzheimer’s disease (AD).! Insulin resistance represents a common
pathophysiological feature shared by diabetes and AD.2 Indeed, there
is evidence that brain insulin resistance is increased progressively from
normal cognition to mild cognitive impairment and AD independent
of diabetes status.® In addition, epidemiological studies have shown
that insulin resistance in middle-aged and older adults is associated
with brain amyloid beta (AB) deposition, brain atrophy, and poor cog-
nitive function.*” Experimental studies have suggested that insulin
resistance could contribute to cognitive disorders by impairing synap-
togenesis and neuronal function, causing glucose hypometabolism and
mitochondrial dysfunction, increasing oxidative stress and neuroin-
flammation, and facilitating tau phosphorylation and Ag deposition.®?

The hyperinsulinemic-euglycemic clamp technique is widely con-
sidered the gold standard method for quantifying insulin resistance.'°
However, this method rarely has been used in large-scale epidemio-
logical studies due to its time-consuming and complex administration.
The homeostasis model assessment of insulin resistance (HOMA-IR)
index, calculated as fasting insulin (uU/mL) x glucose (mmol/L)/22.5, is
commonly used to evaluate the degree of insulin resistance.’? Insulin
quantification is relatively expensive and has limited value in people
who are treated with insulin or who do not have functioning g cells.'?
Therefore, HOMA-IR has limited utility in large-scale population-based
studies. The triglyceride-glucose (TyG) index has recently emerged
as a reliable surrogate marker for insulin resistance.’® The TyG index
closely mirrors the hyperinsulinemic-euglycemic clamp technique in
the assessment of insulin sensitivity.2* Clinical and population-based
studies show that the TyG index appears to be superior to HOMA-IR
in assessing insulin resistance!® and predicting type 2 diabetes.'® In
addition, the TyG index is more widely available and less costly than
HOMA-IR index, which is crucial for clinical practice and large-scale
population studies.

Previous studies have shown that insulin resistance measured with
HOMA-IR is related to increased AD risk,}” poor global cognition,8

and accelerated cognitive decline.!’ The follow-up data from the

Discussion: High TyG index is associated with dementia, possibly via AS pathology.

Alzheimer’s disease, dementia, insulin resistance, plasma amyloid beta, population-based study,
triglyceride-glucose index

National Health Information Database in South Korea revealed a weak
association between TyG index and risk of dementia, AD, and vascular
dementia (VaD) independent of demographic, lifestyle, and metabolic
factors.?® However, it is unclear whether the association remains
among people free of diabetes or cardiovascular disease (CVD). This
is important because insulin resistance is closely correlated with dia-
betes and CVD, and both are well-established risk factors for dementia
and AD. In addition, no population-based studies have investigated the
relationships between the TyG index and plasma biomarkers for AD.
Thus, epidemiological studies that integrate clinical and neuropsycho-
logical data with peripheral biomarkers may help clarify the underlying
mechanisms linking the TyG index with dementia and subtypes.
Therefore, in this population-based cross-sectional study, we sought
to investigate the associations of the TyG index with dementia, AD,
VaD, and plasma AD biomarkers among rural-dwelling older adults
in China, and further explore whether the associations were present
independent of overt CVDs or diabetes. We hypothesized that a high
TyG index, as a surrogate marker of insulin resistance, is associated
with dementia and plasma biomarkers for amyloid and neurodegener-

ation.

2 | METHODS

2.1 | Study design and participants

This population-based cross-sectional study used data from the Mul-
timodal Interventions to Delay Dementia and Disability in rural China
(MIND-China),?! a participating project of the World-Wide FINGERS
Network.22 Eligible participants for MIND-China included all regis-
tered residents who were aged >60 years by the end of 2017 and
living in the 52 villages of Yanlou Town (n = 7698), Yanggu County,
western Shandong Province. In March through September 2018,
5765 residents (74.89% of all eligible people) undertook the baseline
examinations.?! Because we aimed to investigate late-onset dementia,
we excluded 519 individuals who were 60 to 64 years of age. Of the
5246 participants who were aged >65 years, 47 were excluded due to
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RESEARCH IN CONTEXT

1. Systemic review: Epidemiological studies have linked
insulin resistance, measured with the homeostasis model
assessment of insulin resistance, to poor cognitive func-
tion and dementia. However, population-based studies
have rarely explored the associations of the triglyceride-
glucose (TyG) index, a reliable surrogate marker of insulin
resistance, with dementia and peripheral biomarkers for
brain pathology.

2. Interpretations: High TyG index was associated all-cause
dementia, Alzheimer’s disease (AD), and plasma amyloid
beta (AB) in older adults. A3 may represent the poten-
tial neuropathological mechanisms underlying the TyG
index-dementia association.

3. Future directions: Population-based longitudinal studies
are warranted to elucidate the potential causal relation-
ships of TyG index with cognitive phenotypes among
older adults as well as the underlying neuropathological
mechanisms and to further evaluate the role of TyG index

as a clinical marker for dementia.

missing diagnosis of dementia (n = 46) and fasting blood glucose (n = 1),
leaving 5199 individuals for the analysis of the association between the
TyG index and dementia. Of these, data on plasma biomarkers were
available in 1287 individuals, which consisted of the analytical sam-
ple involving plasma biomarkers. Participants with plasma biomarkers
(n = 1287) were slightly younger (mean age, 71.16 vs. 71.96 years,
P =0.003) and more likely to be female (60.84% vs. 55.90%, P = 0.002)
than those without (n = 3912), but the two groups did not differ signif-
icantly in the distribution of education (P = 0.93). Figure 1 shows the
flowchart of the study participants.

2.2 | Data collection and definitions

Data were collected by trained staff through face-to-face inter-
views, clinical examinations, neuropsychological testing, and labora-
tory tests.2! The TyG index was calculated as In(fasting triglycerides
[mg/dL] x fasting glucose [mg/dL]/2).1® We multiplied glucose in
mmol/L by 18.0 to get the equivalent reading in mg/dL. Triglyceride
in mmol/L was multiplied by 88.545 to get the equivalent read-
ing in mg/dL. Text S1 in supporting information provides detailed
descriptions of data collection and definitions.

2.3 | Clinical diagnosis of dementia, AD, and VaD

Dementia was diagnosed according to the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition, criteria,2® follow-

Disease Monitoring

ing a three-step diagnostic procedure, as previously described.?1.24
Briefly, the trained clinicians and interviewers performed routine
clinical examinations and neurocognitive assessments following struc-
tured questionnaires to collect data on medical history, cognitive
function, and activities of daily living. Then, neurologists specialized
in dementia diagnosis and care reviewed all records from the first
step and made a preliminary diagnosis for participants who were
suspected to have dementia. Finally, the neurologists conducted fur-
ther face-to-face interviews with those who were suspected to have
dementia or who had insufficient data for making a diagnosis of
dementia status and informants, and a clinical diagnosis of demen-
tia was made. We further categorized dementia into AD and VaD
according to respective diagnostic criteria. AD was clinically diag-
nosed following the National Institute on Aging-Alzheimer’s Associ-
ation criteria for probable AD dementia.2> Biological AD dementia
was not defined due to lack of relevant AD biomarkers. VaD was
clinically diagnosed following the National Institute of Neurologi-
cal Disorders and Stroke and the Association Internationale pour la
Recherche et I'Enseignement en Neurosciences criteria for probable
VaD.2¢

2.4 | Measurement of plasma biomarkers

As previously reported,? plasma biomarkers were measured using
a single-molecule array (Simoa) on the HD-X platform (Quanterix).
Plasma AB40, AB42, total tau (t-tau), and neurofilament light chain
(NfL) were detected with Human Neurology 3-Plex A assay (N3PA) Kit
and NF-light advantage kit. Two quality control (QC) samples were run
in duplicate on each plate for each analyte. The within- and between-
run coefficients of variation for both QC samples were controlled
within 13%.

2.5 | Statistical analysis

Characteristics of the study participants by dementia status were
compared using the Wilcoxon rank-sum test or Student t test for con-
tinuous variables, and the chi-square test for categorical variables.
Binary and multinomial logistic regression models were used to eval-
uate the associations of the TyG index with dementia, AD, and VaD.
General linear regression models were used to analyze the associations
of the TyG index with plasma biomarkers. We used restricted cubic
splines with four knots at the 5th, 35th, 65th, and 95th percentiles to
flexibly model the association of the TyG index with all-cause demen-
tia, AD, and VaD. The likelihood-ratio test was used to test the potential
non-linearity by comparing the model with only a linear term against
the model with linear and cubic spline terms. We reported the main
results from two models: Model 1 was adjusted for age, sex, and edu-
cation; Model 2 was additionally adjusted for apolipoprotein E (APOE)
genotype, body mass index, smoking, alcohol consumption, hyperten-
sion, CVDs, hypercholesterolemia, and use of blood glucose-lowering

drugs or insulin injection.
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MIND-China: Participants in the baseline
examinations (age >65 years), March-September
2018, n=5246

47 were excluded due to missing
data on dementia diagnosis (n=46)
or fasting blood glucose (n=1)

A 4

Analytical sample 1 for analysis involving
dementia, n=5199 (301 with all-cause dementia,
195 with Alzheimer’s disease, and 95 with
vascular dementia)

v

Analytical sample 2 (a plasma subsample) for
analysis involving plasma biomarkers, n=1287

FIGURE 1 Flowchart of the study participants. MIND-China,
Multimodal Interventions to Delay Dementia and Disability in rural
China.

We used Stata Statistical Software, Release 14 (Stata Corp.), and
R version 4.1.1 (R Foundation for Statistical Computing, https://www.
R-project.org) for Windows for all analyses. Two-tailed P < 0.05 was

considered statistically significant.

3 | RESULTS

3.1 | Characteristics of study participants

The mean age of the 5199 participants was 71.76 (standard devia-
tion = 5.52) years, 57.13% were women, and 40.62% were illiterate.
Of these, 301 (5.78%) were diagnosed with dementia, including 195
(3.75%) with AD, 95 (1.83%) with VaD, and 11 (0.21%) with other types
of dementia (Table 1). Compared to dementia-free participants, those
with dementia were older; more likely to be female; less educated;
more likely to have diabetes, CVDs, and higher levels of blood glu-
cose, triglycerides, and TyG index; and less likely to be obese, drink
alcohol, and smoke. The two groups did not differ significantly in the
distribution of APOE genotype, hypertension, or hypercholesterolemia.

3.2 | Associations of the TyG index with dementia
and subtypes (n = 5199)

We used restricted cubic splines to visualize the patterns of the rela-
tionships of the predicted TyG index with dementia and subtypes
(Figure 2). The TyG index was significantly associated with elevated
likelihoods of dementia and AD, even in the multivariable-adjusted
models (P for overall association <0.05; Figure 2A,B), whereas TyG

index was significantly associated with an increased likelihood of VaD

only in the model that was adjusted for the demographic factors, but
not in the fully adjusted model (Figure 2C). The likelihoods of dementia
and subtypes associated with the TyG index were relatively flat and sta-
ble until around the 50th (8.57) through 75th percentile (8.93) of the
TyG index and started to increase thereafter (Figure 2). Thus, we ini-
tially categorized all participants according to percentiles of TyG index
into <50th, 50th to 75th, and >75th percentile. Because the odds ratios
of dementia, AD, and VaD associated with the 50th to 75th percentile
(vs. <50th percentile) of the TyG index were all close to 1, we fur-
ther dichotomized the TyG index into <75th versus >75th percentile in
the final analysis. Compared to the <75th percentile, TyG index >75th
percentile was significantly associated with an increased likelihood of
dementia, AD, and VaD in Model 1; the associations with dementia and
AD remained statistically significant in Model 2, but the association
with VaD was diluted and became non-significant (Table 2).

We further examined whether the associations of the TyG index
with dementia and subtypes differed between people without and with
CVDs or diabetes. The analysis stratified by CVDs suggested that a high
TyG index (>75th vs. <75th percentile) was significantly associated
with an increased likelihood of all-cause dementia among participants
without and with CVDs when controlling for all the examined poten-
tial confounders, whereas TyG index was not significantly associated
with VaD in either group (Table 2). In addition, a high TyG index was
significantly and marginally associated with an increased likelihood
of AD among individuals with and without CVDs, respectively, after
controlling for multiple confounders (Table 2). When the analysis was
performed by diabetic status, a high TyG index was significantly associ-
ated withincreased likelihoods of dementia and AD among participants
without diabetes, but not in those with diabetes, while TyG index was
not significantly associated with VaD in either stratum in Model 2 when
controlling for all the examined potential confounders (Table 2). There
were no statistical interactions of the TyG index with either CVDs or
diabetes on dementia or subtypes (P for all interactions >0.05).

3.3 | Associations of the TyG index with plasma
biomarkers (n = 1287)

In the subsample of participants with plasma biomarker data
(n = 1287), the TyG index was linearly correlated with elevated
plasma AB40, AB42, and AB42/AB40 ratio, even in the multivariable-
adjusted models, but not significantly associated with plasma t-tau or
NfL (Table 3).

Stratified analysis by CVDs showed that controlling for all the
potential confounders, the TyG index was significantly associated with
an elevated plasma AB42, but not with plasma AB42/AB40 ratio, t-tau,
or NfL in both groups of people without and with CVDs. The association
of high TyG index with increased plasma AB40 was significant among
individuals without CVDs, but not among those with CVDs (Table 3).

The analysis stratified by diabetic status yielded significant associa-
tions of high TyG index with elevated plasma AB42 in both non-diabetic
and diabetic groups. A high TyG index was significantly associated with
increased plasma AB40 and AB42/AB40 among diabetes-free partici-

pants, but not among those with diabetes, after controlling for all the
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FIGURE 2 Associations of the triglyceride-glucose (TyG) index with all-cause dementia (A), Alzheimer’s disease (B), and vascular dementia (C).
Solid lines represent adjusted odds ratios and shaded areas indicate 95% confidence intervals (Cls) derived from restricted cubic spline logistic
regression models. In the analysis, the TyG index was used as an independent variable and dementia status was used as a dependent variable.
*Model 1 was adjusted for age, sex, and education; *Model 2 was additionally adjusted for apolipoprotein E genotype, body mass index, current
smoking, alcohol consumption, hypertension, hypercholesterolemia, cardiovascular diseases (coronary heart disease, heart failure, atrial
fibrillation, and stroke), and use of glucose-lowering drugs or insulin injection. P for non-linearity <0.05 indicates a non-linear association between
the independent variable and the dependent variable. P for overall association <0.05 indicates an overall association between the independent
variable and the dependent variable.
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TABLE 1 Characteristics of the study participants according to dementia status.
Total sample Dementia status
Characteristics? (n=5199) No (nh =4898) Yes (n=301) P-value
Age, years 7176 (5.52) 71.47 (5.28) 76.55(7.02) <0.001
Female sex 2970(57.13) 2765 (56.45) 205 (68.11) <0.001
Education <0.001
Illiteracy 2112 (40.62) 1909 (38.98) 203 (67.44)
Primary school 2253(43.34) 2176 (44.43) 77 (25.58)
Middle school or above 834 (16.04) 813(16.60) 21(6.98)
APOE ¢4 allele carriers 799 (16.00) 750 (15.90) 49 (17.75) 0.413
Body mass index, kg/m? 24.82(3.80) 24.85(3.78) 24.29 (4.10) 0.009
Serum glucose, mmol/L 5.58(1.43) 5.56(1.37) 5.97 (2.07) 0.008
Triglycerides, mmol/L 1.43(0.91) 1.43(0.92) 1.50(0.76) 0.017
TyG index 8.62(0.53) 8.61(0.53) 8.73(0.57) 0.001
Current smoking 1059 (20.39) 1026 (20.96) 33(11.00) <0.001
Current alcohol drinking 1427 (27.75) 1394 (28.77) 33(11.15) <0.001
Hypertension 3469 (67.31) 3267 (67.29) 202 (67.56) 0.924
Hypercholesterolemia 874 (16.81) 814 (16.62) 60 (19.93) 0.136
Diabetes 739(14.21) 680(13.88) 59(19.60) 0.006
Use of glucose-lowering drugs or 246 (4.73) 222 (4.53) 24(7.97) 0.006
insulin injection
Cardiovascular disease” 1818(34.97) 1664 (33.97) 154 (51.16) <0.001
Coronary heart disease 1140 (21.93) 1058 (21.60) 82(27.24) 0.022
Atrial fibrillation 83(1.60) 74(1.51) 9(2.99) 0.047
Heart failure 152(2.92) 146 (2.98) 6(1.99) 0.324
Stroke 827(15.91) 725 (14.80) 102 (33.89) <0.001

Note: Data are mean (SD) or n (%).

Abbreviations: APOE, apolipoprotein E; SD, standard deviation; TyG index, triglyceride-glucose index.
2The number of participants with missing values was 205 for APOE genotype, 5 for smoking, 57 for alcohol drinking, 45 for hypertension, 30 for body mass
index. As a covariate in the subsequent analyses, a dummy variable was created for each of the categorical variables to represent those with missing values.

Continuous variables with missing values were replaced with the mean value.

bCardiovascular disease included coronary heart disease, atrial fibrillation, heart failure, and stroke.

examined potential confounders. The TyG index was not significantly
associated with plasma t-tau or NfL regardless of diabetic status in
Model 2 controlling for multiple potential confounders (Table 3).

When the analysis was performed by dementia status, a high TyG
index was significantly associated with elevated plasma A340 and AB42
only among dementia-free participants, but not among those with
dementia (Table 4).

Finally, we did not detect any statistical interactions of the TyG
index with CVDs, diabetes, or dementia on any of the examined plasma

biomarkers (P for all interactions >0.05).

4 | DISCUSSION

This large-scale population-based study of rural-dwelling older adults
in China suggested that a high TyG index was notably associated with
an increased likelihood of dementia and AD as well as with elevated

plasma AgB independent of a range of potential confounders. We found
no independent associations of TyG index with plasma t-tau and NfL.
These results indicate that insulin resistance, assessed with TyG index,
is cross-sectionally associated with dementia and AD in older adults,
possibly via AS pathologies.

To the best of our knowledge, this was the first population-based
study that investigated the associations of the TyG index with dementia
and peripheral biomarkers for amyloid and neurodegeneration among
older adults. Previously, population-based studies have examined
insulin resistance measured with HOMA-IR in association with demen-
tia and AD. For instance, the cross-sectional data from the Australian
Imaging Biomarker and Lifestyle study showed that HOMA-IR index
was higher in persons with AD compared to cognitively normal adults.”
Population-based studies also suggested that a higher HOMA-IR index
was associated with poorer cognitive function.”2”28 |n addition, a
few prospective cohort studies showed that a high HOMA-IR index
was related to AD and cognitive decline.’’~1? The results from our
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TABLE 3 Associations of the TyG index with plasma biomarkers in the total sample and by cardiovascular disease and diabetes (n = 1287).

No. of
TyG index subjects
AB40, pg/mL, log-transformed
Total sample 1287
CVDs, no 873
CVDs, yes 414
Diabetes, no 1088
Diabetes, yes 199
AB42, pg/mL
Total sample 1287
CVDs, no 873
CVDs, yes 414
Diabetes, no 1088
Diabetes, yes 199
AB42/AB40 ratio (x1000)
Total sample 1287
CVDs, no 873
CVDs, yes 414
Diabetes, no 1088
Diabetes, yes 199
Total tau, pg/mL
Total sample 1287
CVDs, no 873
CVDs, yes 414
Diabetes, no 1088
Diabetes, yes 199
NfL, pg/mL, log-transformed
Total sample 1287
CVDs, no 873
CVDs, yes 414
Diabetes, no 1088
Diabetes, yes 199

B coefficient (95% confidence interval), plasma biomarkers

Model 1?

Model 22

0.015 (0.003-0.027)*

0.015 (—0.000 to 0.030)
0.013(—0.007 to 0.032)
0.014 (—0.001 to 0.028)
0.005 (—0.026 to 0.036)

0.022 (0.009-0.035)**
0.029 (0.013-0.046)***

(
(
0.010(—0.011t0 0.031)
0.021(0.006-0.037)**

0.008 (—0.023 t0 0.039)
0.774 (0.453-1.096)***
0.718(0.308-1.128)**

( 0.905 (0.560-1.251)***
(
0.762(0.239-1.284)**
(
(

1.005 (0.565-1.446)"**
0.751(0.190-1.312)**
0.960 (0.555-1.364)“**
0.916 (0.074-1.760)*

0.807 (0.426-1.188)***
0.996(0.177-1.816)*

2.150(0.371-3.929)* 2.016(0.104-3.928)*
1.888(—0.418t04.193) 1.609 (—0.885 to 4.103)
2.530(-0.252t05.311) 2.876(—0.090 to 5.843)
2.785(0.666-4.905)* 2.545(0.292-4.797)*
4.562(0.263-8.861)" 3.852(-0.619t0 8.323)

—0.102 (—0.208 to 0.003) —0.074 (-0.188 t0 0.039)
—0.069 (—0.201 to 0.063) —0.038 (—0.181 t0 0.105)
—0.156 (—0.332t0 0.021) —0.141(-0.330t0 0.048)
—0.141(-0.266 to —0.015)* —0.111(-0.245 t0 0.023)
—0.002 (—0.258 t0 0.255) 0.078 (—0.180 to 0.337)

0.007 (—0.017 to 0.031) 0.020 (—0.006 to 0.045)
0.003 (—0.026 t0 0.033) 0.015 (—0.017 to 0.046)
0.009 (—0.034 t0 0.052) 0.024 (—0.021t0 0.069)
—0.020 (—0.048 to 0.008) —0.002 (—0.032t0 0.027)
0.047 (—0.014 t0 0.108) 0.060 (—0.002 t0 0.122)

Abbreviations: A3, amyloid beta; APOE, apolipoprotein E; CVD, cardiovascular disease; NfL, neurofilament light chain; TyG index, triglyceride-glucose index.
aData were S8 coefficients (95% confidence intervals) derived from the general linear regression models, in which the TyG index was considered an indepen-
dent variable and plasma biomarkers a dependent variable. Model 1 was adjusted for age, sex, and education; Model 2 was additionally adjusted for APOE
genotype, body mass index, current smoking, alcohol consumption, hypertension, hypercholesterolemia, and if applicable, for CVDs (coronary heart disease,
heart failure, atrial fibrillation, and stroke) and use of glucose-lowering drugs or insulin injection.

*P<0.05,*P<0.01,***P <0.001.

study are in line with those from the studies using HOMA-IR index as
a marker for insulin resistance. Coincidently, the retrospective cohort
study from South Korea that used data derived from the National
Health Information Database (2009-2015) engaging people aged >40
years showed weak associations of the TyG index with dementia, AD,
and VaD.Z0 |n that study, dementia and subtypes were defined accord-
ing to the ICD-10 codes and prescription of anti-dementia medications.
Our population-based study engaged rural-dwelling older adults, and

dementia and subtypes of dementia were clinically diagnosed via

comprehensive in-person assessments following a standard diagnostic
procedure. Of note, our study revealed a threshold for the TyG index
that corresponded to approximately the 75th percentile of the TyG
index, above which the TyG index was notably associated with elevated
likelihoods of all-cause dementia and AD independent of a range of
potential confounders. We further revealed that the significant asso-
ciation of high TyG index with dementia remained among individuals
who were free of either CVDs or diabetes. Taken together, our study

provides additional evidence supporting the association of a high
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TABLE 4 Associations of the TyG index with plasma biomarkers by dementia status (n = 1287).

No. of
TyG index subjects
AB40, pg/mL, log-transformed
Dementia, no 1145
Dementia, yes 142
AB42, pg/mL
Dementia, no 1145
Dementia, yes 142
AB42/AB40 ratio (x1000)
Dementia, no 1145
Dementia, yes 142
Total tau, pg/mL
Dementia, no 1145
Dementia, yes 142
NfL, pg/mL, log-transformed
Dementia, no 1145
Dementia, yes 142

B coefficient (95% confidence interval), plasma biomarkers

Model 1?

0.016 (0.003-0.029)*
0.007 (—0.029 to 0.043)

0.748(0.419-1.077)"**
0.864 (—0.374t0 2.102)

1.898 (—0.009 to 3.806)
3.792(-1.236 t0 8.821)

—0.091(-0.201t0 0.019)
—0.224(-0.577 t0 0.130)

0.003 (—0.022 t0 0.028)
0.018 (—0.061 t0 0.098)

Model 22

0.021 (0.008-0.035)**
0.029 (-0.011t0 0.069)

0.844(0.490-1.197)"*
1.324 (-0.029 to 2.676)

1.812(-0.237 t0 3.862)
3.190 (—2.309 to 8.689)

—0.061(—0.180to 0.058)
—0.180 (-0.565 to 0.204)

0.014 (-0.013 to 0.040)
0.029 (-0.058t0 0.117)

Abbreviations: A3, amyloid beta; APOE, apolipoprotein E; NfL, neurofilament light chain; TyG index, triglyceride-glucose index.

2Data were g coefficients (95% confidence intervals) derived from the general linear regression models, in which the TyG index was considered an indepen-
dent variable and plasma biomarkers a dependent variable. Model 1 was adjusted for age, sex, and education; Model 2 was additionally adjusted for APOE
genotype, body mass index, current smoking, alcohol consumption, hypertension, hypercholesterolemia, cardiovascular diseases (i.e., coronary heart disease,
heart failure, atrial fibrillation, and stroke) and use of glucose-lowering drugs or insulin injection.

*P <0.05,**P<0.01,"*P <0.001.

TyG index with an increased likelihood of dementia and AD in older
adults.

Several pathogenic mechanisms might underlie the associations
between insulin resistance and dementia. First, insulin resistance
results in brain glucose hypometabolism,2? which may further cause
energetic deficits and neurotoxic protein accumulation, thus con-
tributing to cognitive deterioration.3? Second, insulin is a vasoactive
hormone that regulates peripheral and cerebral blood flow. Insulin
resistance-mediated vasodilation could potentially lead to low cerebral
perfusion and ischemic lesions, which may contribute to dementia.3!
Third, individuals with insulin resistance usually have endothelial
dysfunction and are prone to hyperinsulinemia, hyperglycemia, hyper-
tension, and dyslipidemia; all these factors have been linked with
dementia.3? Finally, insulin resistance reduces synaptic plasticity, pro-
motes neuronal apoptosis, and facilitates tau phosphorylation and A3
deposition.8?

To further understand the potential mechanisms linking the TyG
index with dementia, we examined the relations of the TyG index
with plasma AD biomarkers. We found that a high TyG index was sig-
nificantly associated with increased peripheral A (i.e., AB40, AB42,
and AB42/AB40), but not with plasma t-tau or NfL. To the best of
our knowledge, this was the first population-based study that linked
insulin resistance, as indicated by a high TyG index, with peripheral AD
biomarkers. Previous studies that examine the associations of HOMA-
IR with AD biomarkers in the central nervous system have yielded

mixed results.*7:3334 Differences in the study design, characteristics of

the study sample, and detection methods of biomarkers may partially
contribute to the discrepant results. The TyG index is a composite mea-
sure that integrates fasting blood glucose and triglycerides. Data from
the Health and Aging Brain study among Latino Elders (HABLE) showed
that both high fasting blood glucose and high triglycerides were associ-
ated with elevated plasma AB42 and AB40.%° The cross-sectional data
from the Chinese Alzheimer’s Biomarker and Lifestyle (CABLE) study
showed that fasting blood glucose was positively associated with A342
and AB42/AB40 ratio in cerebrospinal fluid among cognitively nor-
mal non-diabetic elders.3¢ In addition, data from the population-based
HABLE and Mayo Clinic Study of Aging did show that diabetes and dys-
lipidemia were associated with elevated plasma AB42 and AB40.3537 A
case-control study from Australia found that diabetes was associated
with higher plasma AB42/AB40 ratio.®® Our results appeared to be in
good agreement with reports from these studies.

Current evidence supports that plasma AB42/AB40 ratio is a more
reliable biomarker for brain amyloidosis than plasma AB42.37 However,
studies have suggested that the patterns of dynamic changes in periph-
eral A might vary across the AD clinical continuum, with plasma Ag
being increased at the early pre-clinical phase, followed by a decrease
in the late stage.*%4! In addition, a recent study showed that increased
plasma AB42 and AB40 were correlated with AS accumulation in the
brain at the early pre-pathological stage.*! In line with these findings,
we found that a high TyG index was associated with elevated plasma
AB42 and AB40 among dementia-free participants, indicating that a
high TyG index might be associated with brain A pathology at the very
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early preclinical stage. Therefore, the relationships of the TyG index
with plasma AD biomarkers deserve further investigation while taking
into account the AD clinical spectrum.

Several potential mechanisms may explain the associations between
the TyG index and plasma Ag. First, insulin resistance causes defective
A clearance. Insulin and AS both are substrates of insulin-degrading
enzyme (IDE). Because IDE is more selective for insulin than AB, under
the insulin-resistant condition, A3 degradation is impaired.*? Second,
peripheral organs (e.g., kidneys) are involved in Ag catabolism and con-
stitute potential A8 clearance pathways.*® However, insulin resistance
could greatly contribute to chronic kidney disease,** which may com-
promise the efficiency of A3 clearance and result in an elevation of
circulating AB42 and AB40.%>37 Finally, insulin resistance may promote
AB production. Ag is derived from the proteolytic cleavage of amy-
loid precursor protein (APP), which is expressed not only in brain cells
but also in peripheral cells, such as platelets.* In fact, platelets are
the primary source (¥90%) of A8 peptides in human blood.* Insulin
resistance can cause platelet hyperactivity,*® which contributes to A8
overproduction.*343

Our community-based study engaged rural-dwelling older adults in
China, a demographic group that has been substantially underrepre-
sented in dementia and AD research. In addition, the interdisciplinary
MIND-China database that integrated the TyG index, a surrogate
marker of insulin resistance, with comprehensive clinical data and
plasma AD biomarkers assessed with the state-of-the-art Simoa tech-
nology provides the unique opportunity to investigate the associations
of insulin resistance with cognitive outcomes and the potential neu-
ropathological mechanisms underlying their associations. However,
our study also has limitations. First, the cross-sectional design does not
allow us to infer a causal relationship for any of the observed associa-
tions, and the observed cross-sectional associations may be subject to
selective survival bias. Second, although the TyG index is considered a
credible surrogate marker for insulin resistance, 1314 it may be affected
by dietary habits. Third, plasma Ag levels might reflect only to a certain
extent the AS aggregation in the brain due to its peripheral genera-
tion, degradation by circulating enzymes, and metabolism in peripheral
organs (e.g., liver and kidneys), and we could not explore the potential
associations of the TyG index with tau pathology due to lack of relevant
plasma biomarkers (e.g., phosphorylated tau [p-tau]181, p-tau217, and
p-tau231). Fourth, we had limited statistical power to detect the weak-
to-moderately strong associations of the TyG index with dementia and
plasma biomarkers among some subgroups. Fifth, due to the lack of AD
biomarkers in the central nervous system, we could not define biolog-
ical AD dementia or examine the associations of theh TyG index with
plasma AB according to the absence and presence of Aj pathology in
the brain. Finally, our study sample was derived only from one rural
region in western Shandong province, which should be kept in mind
when generalizing our research findings to other populations.

In conclusion, this population-based study of rural-dwelling older
adults in China showed evidence supporting the associations of insulin
resistance, as indicated by high TyG index, with all-cause dementia
and AD as well as with plasma biomarkers for amyloid (AB40, AB42,
and AB42/AB40 ratio), but not for neurodegeneration (t-tau and NfL).

These results suggest that the TyG index in older adults may be a read-
ily available clinical marker for dementia and AD and that amyloid
pathology may underlie their association. Future longitudinal stud-
ies are warranted to elucidate the potential causal relationships of
the TyG index with cognitive phenotypes as well as the underlying

mechanisms.
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