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Association of the Triglyceride-Glucose Index With
Risk of Alzheimer’s Disease: A Prospective
Cohort Study

Yugang Dong, MD,>®" Chen Liu, MD,>?* Min Ye, MD,>?*° Wengen Zhu, MD"**"*

Introduction: Triglyceride-glucose index (TyG) is a reliable surrogate marker of insulin resistance,
and insulin resistance has been implicated in Alzheimer’s disease pathophysiology. However, the
relationship between the TyG index and Alzheimer’s disease remains unclear. This study aimed to
evaluate the association of the TyG index with the risk of Alzheimer’s disease.

Methods: This prospective study included 2,170 participants free of Alzheimer’s disease from the
Framingham Heart Study Offspring Cohort Exam 7 (1998—2001), whose follow-up data were col-
lected until 2018. The TyG index was calculated as Ln(fasting triglyceride [mg/dL] x fasting glucose
[mg/dL]/2). The association of the TyG index with Alzheimer’s disease was evaluated by competing
risk regression model. Statistical analyses were performed in 2023.

Results: During a median follow-up of 13.8 years, 163 (7.5%) participants developed Alzheimer’s
disease. When compared with the reference (TyG index <8.28), a significantly elevated risk of Alz-
heimer’s disease was seen in the group with a triglyceride-glucose index of 8.68—9.09 (adjusted haz-
ard ratio=1.69, 95% CI=1.02, 2.81). When the TyG index was considered as a continuous variable,
each unit increment in the TyG index was not significantly associated with the risk of Alzheimer’s
disease (adjusted hazard ratio=1.32, 95% CI=0.98, 1.77).

Conclusions: This study showed that moderately elevated TyG index was independently associ-
ated with a higher incidence of Alzheimer’s disease. TheTyG index might be used to define a high-
risk population of Alzheimer’s disease.
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INTRODUCTION

Izheimer’s disease (AD) is the most common
cause of dementia, accounting for 60%—80% of
dementia cases, especially in the older

population. Because the prevalence rate has increased
over the past few decades, it has placed a considerable
burden on health and economic systems." The patho-
genesis of AD is extraordinarily complicated and needs
to be more fully elucidated. None of the current
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treatments for symptomatic AD could definitively
reduce the progression of the disease or improve its
prognosis.”’ Therefore, it is essential to find a reliable
method to identify the high-risk population and prevent
AD at an early stage.

Insulin resistance (IR) is a state of insensitivity and
reduced responsiveness of target tissues to the effect of
insulin. Previous studies have demonstrated that IR in
peripheral tissues and the brain may trigger AD by several
potential mechanisms, including amyloid B (Af) and tau
aggregation, synaptic loss, bioenergetic deficiencies, vas-
cular dysfunction, inflammation, and dyslipidemia.” Tra-
ditional methods for evaluating IR, such as
hyperinsulinemic-euglycemic clamp and the homeostasis
model assessment—estimated insulin resistance (HOMA -
IR), are invasive, expensive, and unavailable in most
developing countries, and they may be interfered with by
exogenous insulin levels, which limits their applications
in clinical practice. The triglyceride-glucose (TyG) index
is simply calculated as Ln(fasting triglyceride [mg/
dL] x fasting glucose [mg/dL]/2). Compared with the
gold standard, the hyperinsulinemic-euglycemic clamp,
the TyG index has high sensitivity and specificity, and it
has been proven to be superior to HOMA-IR in estimat-
ing IR and evaluating the occurrence of carotid athero-
sclerosis, arterial stiffness, and coronary calcium
progression in people with or without diabetes.” " There-
fore, the TyG index has been considered a reliable and
cost-effective surrogate marker for IR in recent years.

Recent studies have shown that the TyG index is posi-
tively associated with the occurrence of diabetes mellitus,
cardiovascular diseases, ischemic stroke, and metabolic
disorders.”” " However, the effect of the TyG index on
the incidence of neurodegenerative diseases such as AD
remains unclear. Therefore, this study aimed to evaluate
the relationship between the TyG index and AD risk
using a large community-based dementia-free cohort
derived from the Framingham Heart Study (FHS).

METHODS

Study Population

Participants from the FHS Offspring cohort were
included in this analysis. To better understand the rela-
tionship between the TyG index and AD, participants
aged >50 years at the time of Exam 7 (1998—2001) were
included because the incidence of AD was quite low
owing to the young age in Exam 1—6. Furthermore, as
shown in Appendix Figure 1 (available online), individu-
als who were diagnosed with dementia or AD at baseline
(Exam 7) or died before the index date (n=1,724) as well
as those aged <50 years (n=349), without triglycerides
or glucose value (n=193), and with missing covariate
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data (n=688) were excluded. All the participants pro-
vided written informed consent at enrolment. The
details of the study design and inclusion criteria have
been described elsewhere.'’

Measures

The primary outcome was the development of AD.
Using the time of Exam 7 as the baseline, the follow-up
time was recorded until the development of AD, the
development of other types of dementia, death, or the
end of 2018.

Statistical Analysis
Continuous variables were expressed as either mean+SD
or median (IQR). Categorical variables were presented as
numbers with proportions (%). The TyG index for each
examination was calculated as Ln(fasting triglyceride
[mg/dL] x fasting glucose [mg/dL]/2)."”” When taking
the TyG index as a categorical variable, all the partici-
pants were stratified into quartiles (Quartile 1: 6.96
—8.28; Quartile 2: 8.29—8.67; Quartile 3: 8.68—9.09; and
Quartile 4: 9.10—12.00) on the basis of their baseline
TyG indexes. Baseline characteristics were compared by
ANOVA or Kruskal—Wallis test for continuous varia-
bles and chi-square tests or Fisher’s exact test for cate-
gorical variables. The cumulative incidence curve was
plotted to assess the unadjusted AD risk stratified by
quartiles of baseline TyG index, with comparison by
Gray’s test."” The prognostic relevance of the baseline
TyG index for the risk of AD was assessed using multi-
variable-adjusted competing risk regression models,
where other types of dementia and all-cause death were
considered as competing events.'” In these regression
analyses, the TyG index was considered a continuous or
categorical variable, and the corresponding results were
expressed as hazard ratios (HRs) and 95% Cls. The cova-
riates in the multivariable analyses were selected on the
basis of a combination of clinical relevance and previous
prognostic implication in FHS."* Model 1 adjusted for
age, sex, education level, and BMI; Model 2 additionally
adjusted for current smoking and physical activity index;
and Model 3 further adjusted for systolic blood pressure
(SBP), cardiovascular disease, antihypertensives, hypo-
glycemic therapy, and lipid-lowering therapy. Restricted
cubic spline was used in a complementary analysis. In
addition, the stratified analyses were performed accord-
ing to age, sex, BMI, current smoking, SBP, hypoglyce-
mic therapy, lipid-lowering therapy, and education level.
To bolster the robustness of the primary findings, this
study conducted a series of sensitivity analyses, which
are detailed as follows:
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1. Lag period analysis: to address the potential latency
period of AD from onset to diagnosis, the associa-
tions were estimated considering 3 distinct lag peri-
ods: 3, 5, and 10 years. These lag periods represent
the minimum interval between the baseline TyG
index measurement and the occurrence of incident
AD. For instance, using a lag of 3 years enabled the
investigation of new AD cases that emerged at least
3 years after the baseline TyG index measurement.

2. Complete cases analysis: to examine the association
between the baseline TyG index and the risk of AD in
participants who completed the assessments through
the follow-up period, an additional sensitivity analysis
was performed. Specifically, complete cases of Exam 7
—9 were utilized (n=1,406).

3. Competing risk regression analysis: to capture the
inherent status of IR, this study further employed
competing risk regression analyses. These analyses
were restricted to participants who did not receive
treatment with lipid-regulating agents or antidiabetic
drugs at baseline (n=1,605).

Data were collected from 1998 to 2018, and statistical
analyses were performed in 2023. All the statistical anal-
yses were performed with R statistical software (Version
4.0.3, The R Foundation for Statistical Computing,
Vienna, Austria; tidyverse, survival, cmprsk, smoothHR,
and rms packages). The statistical significance was
defined as a 2-tailed p-value <0.05. This study was
approved by the Medical Ethical Committee of the First
Affiliated Hospital, Sun Yat-Sen University. More details
about the methods used in this study are provided in the
Appendix materials (available online).

RESULTS

A total of 2,170 participants were included in this analy-
sis. In terms of baseline characteristics, the mean age
was 63.0£8.2 years, and 53.3% of the participants were
females. The mean TyG index was 8.740.6. As shown in
Table 1, the baseline characteristics of participants were
stratified according to the quartiles of the TyG index.
Participants with higher TyG indices were older, had
higher BMI or SBP, and had poorer glucolipid metabo-
lism conditions than those in Quartile 1 (TyG index
range from 6.96 to 8.28). Notably, participants in Quar-
tile 4 (TyG index range from 9.10 to 12.00) had a signifi-
cantly higher prevalence of diabetes mellitus and
received more hypoglycemic therapy than those in
Quartile 1. In addition, antihypertensive and lipid-low-
ering therapies were widely applied in participants from
the higher TyG index quartiles, especially among those
in the Quartile 4 group.

During a median follow-up of 13.8 years, a total of
163 participants (7.5%) were diagnosed with AD. The
cumulative incidence curves across different TyG index
quartiles suggested that there was a significantly higher
risk of AD among participants in the higher TyG index
quartiles during the follow-up than among those in
Quartile 1 (p=0.028) (Figure 1).

Table 2 shows the associations of the baseline TyG
index with the risk of AD using multivariable Cox
regression analyses. In Model 1, the risk of AD was sig-
nificantly higher in participants of Quartile 3 (HR=1.72,
95% CI=1.05, 2.81) than in those of Quartile 1 but not in
those of Quartile 2 (HR=1.55, 95% CI=0.95, 2.54) or
Quartile 4 (HR=1.48, 95% CI=0.87, 2.50). After adjust-
ing further for smoking, physical activity index, comor-
bidities, and treatments (i.e., Models 2 and 3 in Table 2),
similar results were observed in participants of Quartile
3 compared with those of Quartile 1 (Model 2: HR=1.73,
95% CI=1.06, 2.84; Model 3: HR=1.69, 95% CI=1.02,
2.81).

When the TyG index was considered as a continuous
variable, each unit increment in the TyG index was sig-
nificantly related to a higher risk of AD (HR=1.34, 95%
CI=1.02, 1.76) after adjustment for age, sex, education
level, and BMI (Model 1). Consistent findings were
found in Model 2 (HR=1.36, 95% CI=1.03, 1.79),
whereas in the fully adjusted Model 3, the TyG index
was not associated with the risk of AD (HR=1.32, 95%
CI=0.98, 1.77). Moreover, the restricted cubic spline
curve indicated a linear trend of an increased AD risk
with a higher TyG index (p-overall<0.001) (Figure 2).
Subgroup analyses showed no significant interactions
between the TyG index and age, sex, BMI, current smok-
ing, SBP, diabetes mellitus, education level, lipid-lowing
therapy, or hypoglycemic therapy (all ps>0.05) (Appen-
dix Figure 2, available online).

To account for the latency period of diagnosing AD
from its onset, 3 lag periods of 3, 5, and 10 years were
defined. Consistent with the primary findings, those in
Quartile 3 had a consistently higher risk of AD in all 3
lag periods than those in the Quartile 1 group but not
those in Quartile 2 and Quartile 4 (Appendix Table 1,
available online).

Appendix Table 2 (available online) shows the risk of
AD across different TyG quartiles using complete cases
from Exam 7 to Exam 9. In the multivariable-adjusted
models, there were qualitatively similar findings to the
primary results, although Model 3 showed an HR for
Quartile 3 with marginal statistical significance
(HR=2.47, 95% CI=0.99, 6.20, p=0.053).

After excluding participants who received hypoglyce-
mic and lipid-lowering therapies on Exam 7 and reper-
forming the analyses, similar results were obtained

www.ajpmonline.org
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Table 1. Baseline Characteristics According to Quartiles of TyG Index (N=2,170)
TyG index
Overall 6.96-8.28  8.29-8.67 8.68—9.09 9.10—-12.00

Characteristics (N=2,170) (n=542) (n=531) (n=548) (n=549) p-value
Age, years 63.0+8.2 61.8+8.2 63.148.3° 63.54+8.2° 63.447.9° 0.001"
Sex (male), n (%) 1,014 (46.7) 240 (44.3) 232 (43.7) 263 (48.0) 279 (50.8) 0.062
BMI, kg/m? 28.1+5.2 25.7+4.5 27.6+5.0° 28.84+4.9°¢ 30.3+5.2%¢" <0.001™"
Weight, kg 78.9+17.3 72.2+15.9 77.54+17.5° 80.4+16.5"¢ 85.2+16.8°*"  <0.001™"
Height, cm 167.1+9.5 167.0+9.4 167.2+9.7 166.7+9.7 167.6+9.2 0.529
Heart rate, bpm 64.84+10.9 62.9410.0 63.44+10.8 66.24+10.6"¢ 66.94+11.4%°f <0.001™"
SBP, mmHg 128.4+18.8 122.74+185 128.2+19.2°  129.7+17.2° 133.0+18.7°*"  <0.001""
DBP, mmHg 73.849.6 72.149.4 73.54+9.7 74.549.4° 75.0+9.7%¢ <0.001""
Current smoking, n (%) 224 (10.3) 52 (9.6) 54 (10.2) 67 (12.2) 51 (9.3) 0.376
Education, n (%) 0.004"

0, lower than high school 155 (7.1) 29 (5.4) 32(6.0) 39 (7.1) 55 (10.0)°

1, high school graduate 1,068 (49.2) 245 (45.2) 266 (50.1) 284 (51.8) 273 (49.7)°

2, college 947 (43.6) 268 (49.4) 233 (43.9) 225 (41.1) 221 (40.3)°
Physical activity index 37.9+6.4 38.3+6.4 37.8+6.6 37.8+6.6 37.5+6.1 0.175
Total cholesterol, mg/dL 201.0+36.4 19114317 199.8435.1° 206.1+36.1> 206.74+40.1%° <0.001™"
Triglycerides, mg/dL 138.3+86.9  64.1+14.9  100.7+£14.8° 14294223 243.3+105.2°°"  <0.001""
HDL cholesterol, mg/dL 53.7+17.0 64.44+17.2 56.54+16.2° 51.2414.6>¢ 429+11.8°*"  <0.001""
LDL cholesterol, mg/dL 120.2432.3  113.8428.4  123.2+31.2°  126.4432.7° 117.3435.1°" <0.001""
Fasting blood glucose, mg/dL ~ 104.14+25.0  94.24+10.8 98.8+13.5° 101.0+12.6° 122.0439.7°%"  <0.001*"
Baseline TyG index 8.7+0.6 8.0+0.2 8.5+0.1° 8.9+0.1°% 9.5 + 0.4%¢" <0.001™"
Diabetes mellitus, n (%) 238 (11.0) 15 (2.8) 28 (5.3) 29 (5.3) 166 (30.2)>°" <0.001""
Cardiovascular disease, n (%) 303 (14.0) 50 (9.2) 64 (12.1) 81 (14.8)° 108 (19.7)%° <0.001""
Atrial fibrillation, n (%) 95 (4.4) 17 (3.1) 19 (3.6) 25 (4.6) 34 (6.2) 0.075
Previous stroke, n (%) 35 (1.6) 7 (1.3) 6(1.1) 6(1.1) 16 (2.9) 0.076
Treated for hypertension, n (%) 782 (36.0) 123 (22.7) 177 (33.3)° 200 (36.5)° 282 (51.4)>°" <0.001™"
Treated for diabetes, n (%) 143 (6.6) 12(2.2) 16 (3.0) 20 (3.6) 95 (17.3)%°" <0.001""
Treated for dyslipidemia, n (%) 493 (22.7) 64 (11.8) 110 (20.7)° 120 (21.9)° 199 (36.2)°" <0.001""
Follow-up (years) 13.445.3 14.145.0 13.64+5.1 13.245.3° 12.745.7%° <0.001""

Note: Boldface indicates statistical significance (*p<0.01 and **p<0.001).

Continuous variables were presented as mean=+SD or median (IQR). Categorical variables were as frequency (%).

p-value represents a comparison between groups by the ANOVA for continuous variables and the chi-square test for categorical variables.
8p<0.05, comparison between quartiles 2 and 1.
Pp<0.05, comparison between quartiles 3 and 1.
°p<0.05, comparison between quartiles 4 and 1.
99<0.05, comparison between quartiles 3 and 2.
®p<0.05, comparison between quartiles 4 and 2.
fp<0.05, comparison between quartiles 4 and 3.

DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; TyG, triglyceride-glucose.

(Table 2). The Quartile 3 of the TyG index was associ-
ated with a significantly higher risk of AD, whereas
Quartile 2 and Quartile 4 were not (Appendix Table 3,
available online).

DISCUSSION

In this study, a significant positive association of baseline
TyG index with the development of AD was observed
among the general population aged >50 years in the
FHS Offspring cohort. The findings of this study sug-
gested that the TyG index might be a simple indicator
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for the early detection of a high-risk population for the
development of AD.

The TyG index was first proposed by Simental-Men-
dia et al. in 2008,"% and it may serve as a superior surro-
gate marker to HOMA-IR for identifying IR in healthy
individuals. As an indicator for IR, the TyG index can
reflect the metabolic state of the entire body, which is
positively associated with adverse events of peripheral
metabolic disorders, such as obesity, diabetes mellitus,
and cardiovascular diseases.'” ' In the realm of neurol-
ogy, IR has been shown to play a crucial role in the met-
abolic mechanisms underlying the pathogenesis of
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Figure 1. Cumulative incidence curves for incidence of AD
according to the quartiles of baseline TyG index.
AD, Alzheimer’s disease; TyG, triglyceride-glucose.

AD.***7** Meanwhile, intranasal insulin administration
has been approved to improve episodic memory in
patients with AD and modulate AS accumulation during
the early stage of the disease.””** Therefore, it is impera-
tive to investigate the relationship between the TyG
index and the risk of AD.

Recent epidemiologic studies have revealed that the
onset of AD is influenced by various factors, including
age and genetics, which cannot be altered, as well as risk
factors such as blood pressure and lifestyle.™*” This
study further establishes that the TyG index is an inde-
pendent risk factor of AD because a significantly higher
risk of AD was observed in Quartile 3 (TyG index:
8.68—9.09) than in Quarter 1 (TyG index: <8.28). These
results are consistent with prior findings by Schrijvers et
al,”® which showed that each doubling of IR led to a 40%
increase in incident AD. Notably, after adjusting for clin-
ical comorbidities, the observed risk of AD in Quartile 4
(TyG index: 9.10—12.00) was no longer significantly
higher than in Quartile 1. This could be due to the
potential beneficial effects of the widespread use of
hypoglycemic and lipid-lowing therapies on IR (Table 1),
which may modify the association of the TyG index with
the risk of AD.

The specific mechanisms for the association of the
TyG index with AD are yet to be fully elucidated. Several
possible pathophysiologic explanations have been pro-
posed previously. First, IR-induced dysregulation of
insulin-dependent glucose transport in the brain could
lead to impaired synaptic, metabolic, and immune

Sun et al / Am ] Prev Med 2023;65(6):1042—1049

response functions in specific brain regions.”” Previous
studies have demonstrated that IR in the brain contrib-
utes to neurodegeneration and development of AD by
accelerating A deposition,” Tau protein hyperphos-
phorylation and aggregation,”"”* neuroinflammation,”
and oxidative stress.”” As an indicator of IR and the sta-
tus of glucose and lipid metabolism, the TyG index could
be influenced by the activity of metabolic-associated bio-
logical factors such as protein kinase C.>* In addition,
stroke and AD share several pathophysiological mecha-
nisms, including AB toxicity, neuroinflammation, and
oxidative stress.”” As noted earlier, some of these shared
mechanisms may also contribute to the association
between the TyG index and AD. Second, at the molecu-
lar level, IR may stem from 3 fundamental changes,
including a reduction in insulin-binding affinity, a
decrease in insulin receptor concentration, and a disrup-
tion of the insulin signaling cascade.””®”” On the basis
of the substrate changes in the insulin signaling cascade
in the brain, IR in the brain can be evaluated by a greater
ratio of phosphorylated serine to total phosphorylated
insulin receptor substrate and neuronal-enriched extra-
cellular vesicles in the plasma.”®*” Third, there is a recip-
rocal relationship between insulin sensitivity in
peripheral tissue and the brain.*® Therefore, IR in the
brain can be indirectly evaluated by methods for periph-
eral IR, such as a hyperinsulinaemic-euglycaemic clamp,
HOMA-IR,*® and the TyG index. Finally, it is notewor-
thy that the TyG index is essentially the sum of the loga-
rithms of fasting plasma glucose and triglyceride, and
recent studies have demonstrated a positive association
between disorders of lipid or glucose metabolism and
the development of AD.""~** Thus, controlling lipid and
glucose metabolism to appropriate levels may offer bene-
fits for the general population aged >50 years in prevent-
ing the onset of AD.

Through this research, the scarce evidence regarding
the correlation between the TyG index and AD is
expanded. As a simple biomarker that can be easily
obtained during clinical practice, the TyG index has the
potential for widespread application in identifying indi-
viduals at higher risk of AD at an early stage, especially
among those from low-income backgrounds or disad-
vantaged socioeconomic environments. Furthermore,
the TyG index may aid in directing pharmacological
treatments or lifestyle interventions designed to modify
IR, ultimately preventing the onset of AD.

Limitations

There are several limitations to this study. First, because
of the nature of observational cohort studies, definitive
conclusions as to whether the increasing TyG index was
the cause of AD development could not be drawn.

www.ajpmonline.org
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Model 1 is adjusted for age at Exam 7, sex, education level (lower or higher than high school), and BMI. Model 2 is additionally adjusted for current smoking and physical activity index. Model 3 is addi-
tionally adjusted for SBP (categorical variable, >140 mmHg or <140 mmHg), cardiovascular disease, antihypertensives, hypoglycemic therapy, and lipid-lowering therapy. Events, presented as n (%), is

the number and percentage of Alzheimer’s disease cases per group.

®TyG index was included as a continuous variable.

PTyG index was included as a categorical variable.

HR, hazard ratio; SBP, systolic blood pressure; TyG, triglyceride-glucose.
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Figure 2. Association between baseline TyG index and risk of
AD.

The plot was adjusted for age at Exam 7, sex, BMI, education level,
physical activity index, SBP, diabetes, current smoking, cardiovascular
disease, atrial fibrillation, antihypertensives, hypoglycemic therapy, and
lipid-lowering therapy. ATyG index level of 8.68 (median) was set as the
reference. The solid red line represents the hazard ratio of the TyG
index across the whole range. Black dotted lines represent the 95% CI.
The gray dotted line is the reference line because the hazard ratio was
1. Histograms represent the proportion distribution of the baseline TyG
index. AD, Alzheimer’s disease; SBP, systolic blood pressure; TyG, tri-
glyceride-glucose.

Second, whether the TyG index could be an indicator to
assess the stage of AD if a patient has been diagnosed
with AD remains unknown. Third, although the TyG
index has been proven to be a surrogate marker for IR in
peripheral tissues with high sensitivity and specificity,
the relationship of the TyG index with IR in the brain
should be further confirmed. Finally, because of the limi-
tations of the original study design and data collection,
some potential confounders, especially at the genetic
level such as ApoE and TREM2,***” were not measured.
The influence of potential unmeasured confounders on
the effect of the TyG index on AD risk needs to be inves-
tigated in future studies.

CONCLUSIONS

This study suggested that an elevated TyG index was
independently associated with a higher incidence of AD.
The TyG index might help define populations at higher
risk of AD.

ACKNOWLEDGMENTS

The authors of this study appreciate Framingham Heart Study
(FHS) participants for their decades of dedication and thank
FHS staff for their hard work in data collection and preparation.
JS and ZX contributed equally as cofirst authors. WZ and MY



1048 Sun et al / Am ] Prev Med 2023;65(6):1042—1049

contributed equally as corresponding authors. All the partici-
pants provided written informed consent at enrolment. This
study was approved by the Medical Ethical Committee of the
First Affiliated Hospital, Sun Yat-sen University for the use of
deidentified publicly available data. The data underlying this
article will be shared upon reasonable request to the corre-
sponding author. The publicly available data of FHS can be
accessed through the NIH database of genotypes and pheno-
types (https://www.ncbi. nim.nih.gov/gap/).

This study was funded by the National Natural Science Foun-
dation of China (82100273) and the Guangdong Natural Sci-
ence Foundation (2023A1515012798).

No financial disclosures were reported by the authors of this
paper.

CREDIT AUTHOR STATEMENT

Junyi Sun: Conceptualization, Formal analysis, Methodology,
Writing — original draft. Zengshuo Xie: Conceptualization, For-
mal analysis, Writing — original draft. Yuzhong Wu: Conceptuali-
zation, Validation, Methodology, Writing — original draft. Xiao
Liu: Data curation, Writing — review & editing. Jianyong Ma:
Data curation, Writing — review & editing. Yugang Dong: Data
curation, Writing — review & editing. Chen Liu: Data curation,
Writing — review & editing. Min Ye: Conceptualization, Formal
analysis, Methodology, Supervision, Writing — review & editing.
Wengen Zhu: Conceptualization, Formal analysis, Funding
acquisition, Supervision, Writing — review & editing.

SUPPLEMENTAL MATERIAL

Supplemental materials associated with this article can be
found in the online version at https://doi.org/10.1016/].
amepre.2023.07.011.

REFERENCES

1. US Burden of Disease Collaborators, Mokdad AH, Ballestros K, et al.
The State of US Health, 1990—2016: Burden of Diseases, Injuries, and
Risk Factors Among US States. JAMA. 2018;319(14):1444-1472.
https://doi.org/10.1001/jama.2018.0158.

2. Graham WYV, Bonito-Oliva A, Sakmar TP. Update on Alzheimer’s dis-
ease therapy and prevention strategies. Annu Rev Med. 2017;68:413-
430. https://doi.org/10.1146/annurev-med-042915-103753.

3. Craft S, Raman R, Chow TW, et al. Safety, efficacy, and feasibility of
intranasal insulin for the treatment of mild cognitive impairment and
Alzheimer disease dementia: A randomized clinical trial. JAMA Neurol.
2020577(9):1099-1109. https://doi.org/10.1001/jamaneurol.2020.1840.

4. Kellar D, Craft S. Brain insulin resistance in Alzheimer’s disease and
related disorders: mechanisms and therapeutic approaches. Lancet
Neurol. 2020;19(9):758-766. https://doi.org/10.1016/S1474-4422(20)
30231-3.

5. Irace C, Carallo C, Scavelli FB, et al. Markers of insulin resistance and
carotid atherosclerosis. A comparison of the homeostasis model
assessment and triglyceride glucose index. Int J Clin Pract. 2013;67
(7):665-672. https://doi.org/10.1111/ijcp.12124.

6. Wang S, Shi J, Peng Y, et al. Stronger association of triglyceride glu-
cose index than the HOMA-IR with arterial stiffness in patients with
type 2 diabetes: a real-world single-centre study. Cardiovasc Diabetol.
2021;20(1):82. https://doi.org/10.1186/s12933-021-01274-x.

7. Cho YK, Lee J, Kim HS, et al. Triglyceride glucose-waist circumfer-
ence better predicts coronary calcium progression compared with
other indices of insulin resistance: a longitudinal observational study.
J Clin Med. 2020;10(1):92. https://doi.org/10.3390/jcm10010092.

8. Moon S, Park JS, Ahn Y. The cut-off values of triglycerides and glu-
cose index for metabolic syndrome in American and Korean adoles-
cents. ] Korean Med Sci. 2017;32(3):427-433. https://doi.org/10.3346/
jkms.2017.32.3.427.

9. Wang X, Feng B, Huang Z, et al. Relationship of cumulative exposure
to the triglyceride-glucose index with ischemic stroke: a 9-year pro-
spective study in the Kailuan cohort. Cardiovasc Diabetol. 2022;21
(1):66. https://doi.org/10.1186/s12933-022-01510-y.

10. Liu X, Tan Z, Huang Y, et al. Relationship between the triglyceride-glu-
cose index and risk of cardiovascular diseases and mortality in the gen-
eral population: a systematic review and meta-analysis. Cardiovasc
Diabetol. 2022;21(1):124. https://doi.org/10.1186/s12933-022-01546-0.

11. Feinleib M, Kannel WB, Garrison RJ, McNamara PM, Castelli WP.
The Framingham offspring study. Design and preliminary data.
Prev Med. 1975;4(4):518-525. https://doi.org/10.1016/0091-7435(75)
90037-7.

12. Simental-Mendia LE, Rodriguez-Mordn M, Guerrero-Romero F. The
product of fasting glucose and triglycerides as surrogate for identifying
insulin resistance in apparently healthy subjects. Metab Syndr Relat
Disord. 2008;6(4):299-304. https://doi.org/10.1089/met.2008.0034.

13. Fine JP, Gray R]. A proportional hazards model for the subdistribu-
tion of a competing risk. ] Am Stat Assoc. 1999;94(446):496-509.
https://doi.org/10.1080/01621459.1999.10474144.

14. Akhter-Khan SC, Tao Q, Ang TFA, et al. Associations of loneliness
with risk of Alzheimer’s disease dementia in the Framingham Heart
Study. Alzheimers Dement. 2021;17(10):1619-1627. https://doi.org/
10.1002/alz.12327.

15. Miao M, Zhou G, Bao A, et al. Triglyceride-glucose index and com-
mon carotid artery intima-media thickness in patients with ischemic
stroke. Cardiovasc Diabetol. 2022;21(1):43. https://doi.org/10.1186/
§12933-022-01472-1.

16. Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a
marker in cardiovascular diseases: landscape and limitations. Cardio-
vasc Diabetol. 2022;21(1):68. https://doi.org/10.1186/s12933-022-
01511-x.

17. Wang L, Cong HL, Zhang JX, et al. Triglyceride-glucose index predicts
adverse cardiovascular events in patients with diabetes and acute coro-
nary syndrome. Cardiovasc Diabetol. 2020;19(1):80. https://doi.org/
10.1186/512933-020-01054-z.

18. Gao S, Ma W, Huang S, Lin X, Yu M. Impact of triglyceride-glucose
index on long-term cardiovascular outcomes in patients with myocar-
dial infarction with nonobstructive coronary arteries. Nutr Metab
Cardiovasc  Dis. 2021;31(11):3184-3192. https://doi.org/10.1016/].
numecd.2021.07.027.

19. Zhu Y, Liu K, Chen M, et al. Triglyceride-glucose index is associated
with in-stent restenosis in patients with acute coronary syndrome
after percutaneous coronary intervention with drug-eluting stents.
Cardiovasc Diabetol. 2021;20(1):137. https://doi.org/10.1186/s12933-
021-01332-4.

20. Li M, Zhan A, Huang X, et al. Positive association between triglyceride
glucose index and arterial stiffness in hypertensive patients: the China
H-type hypertension Registry Study. Cardiovasc Diabetol. 2020;19
(1):139. https://doi.org/10.1186/s12933-020-01124-2.

21. Huang R, Wang Z, Chen J, et al. Prognostic value of triglyceride glu-
cose (TyG) index in patients with acute decompensated heart failure.
Cardiovasc Diabetol. 2022;21(1):88. https://doi.org/10.1186/s12933-
022-01507-7.

22. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, et al. Brain insulin
resistance in type 2 diabetes and Alzheimer disease: concepts and
conundrums. Nat Rev Neurol. 2018;14(3):168-181. https://doi.org/
10.1038/nrneurol.2017.185.

www.ajpmonline.org


https://doi.org/10.1016/j.amepre.2023.07.011
https://doi.org/10.1016/j.amepre.2023.07.011
https://doi.org/10.1001/jama.2018.0158
https://doi.org/10.1146/annurev-med-042915-103753
https://doi.org/10.1001/jamaneurol.2020.1840
https://doi.org/10.1016/S1474-4422(20)30231-3
https://doi.org/10.1016/S1474-4422(20)30231-3
https://doi.org/10.1111/ijcp.12124
https://doi.org/10.1186/s12933-021-01274-x
https://doi.org/10.3390/jcm10010092
https://doi.org/10.3346/jkms.2017.32.3.427
https://doi.org/10.3346/jkms.2017.32.3.427
https://doi.org/10.1186/s12933-022-01510-y
https://doi.org/10.1186/s12933-022-01546-0
https://doi.org/10.1016/0091-7435(75)90037-7
https://doi.org/10.1016/0091-7435(75)90037-7
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1002/alz.12327
https://doi.org/10.1002/alz.12327
https://doi.org/10.1186/s12933-022-01472-1
https://doi.org/10.1186/s12933-022-01472-1
https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1186/s12933-020-01054-z
https://doi.org/10.1016/j.numecd.2021.07.027
https://doi.org/10.1016/j.numecd.2021.07.027
https://doi.org/10.1186/s12933-021-01332-4
https://doi.org/10.1186/s12933-021-01332-4
https://doi.org/10.1186/s12933-020-01124-2
https://doi.org/10.1186/s12933-022-01507-7
https://doi.org/10.1186/s12933-022-01507-7
https://doi.org/10.1038/nrneurol.2017.185
https://doi.org/10.1038/nrneurol.2017.185

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sun et al / Am ] Prev Med 2023;65(6):1042—1049

Willette AA, Bendlin BB, Starks EJ, et al. Association of insulin resis-
tance with cerebral glucose uptake in late middle-aged adults at risk
for Alzheimer disease. JAMA Neurol. 2015;72(9):1013-1020. https://
doi.org/10.1001/jamaneurol.2015.0613.

Kullmann S, Kleinridders A, Small DM, et al. Central nervous path-
ways of insulin action in the control of metabolism and food intake.
Lancet Diabetes Endocrinol. 2020;8(6):524-534. https://doi.org/
10.1016/52213-8587(20)30113-3.

Reger MA, Watson GS, Green PS, et al. Intranasal insulin improves
cognition and modulates S-amyloid in early AD. Neurology. 2008;70
(6):440-448. https://doi.org/10.1212/01.WNL.0000265401.62434.36.
Claxton A, Baker LD, Hanson A, et al. Long-acting intranasal insulin
detemir improves cognition for adults with mild cognitive impairment
or early-stage Alzheimer’s disease dementia. J Alzheimers Dis. 2015;44
(3):897-906. https://doi.org/10.3233/JAD-141791.

Alzheimer’s disease facts and figures. Alzheimers Dement. 2022;18
(4):700-789 Epub 2022 Mar 14. PMID: 35289055. https://doi.org/
10.1002/alz.12638.

Schrijvers EM, Witteman JC, Sijbrands EJ, Hofman A, Koudstaal PJ,
Breteler MM. Insulin metabolism and the risk of Alzheimer disease:
the Rotterdam Study. Neurology. 2010;75(22):1982-1987. https://doi.
org/10.1212/WNL.0b013e3181ffe4f6.

Duning T, van den Heuvel I, Dickmann A, et al. Hypoglycemia aggra-
vates critical illness-induced neurocognitive dysfunction. Diabetes
Care. 2010;33(3):639-644. https://doi.org/10.2337/dc09-1740.
Willette AA, Johnson SC, Birdsill AC, et al. Insulin resistance pre-
dicts brain amyloid deposition in late middle-aged adults. Alz-
heimers Dement. 2015;11(5):504-510.el. https://doi.org/10.1016/j.
jalz.2014.03.011.

Yuzwa SA, Vocadlo DJ. O-GlcNAc and neurodegeneration: biochemi-
cal mechanisms and potential roles in Alzheimer’s disease and
beyond. Chem Soc Rev. 2014;43(19):6839-6858. https://doi.org/
10.1039/c4cs00038b.

Laws SM, Gaskin S, Woodfield A, et al. Insulin resistance is associated
with reductions in specific cognitive domains and increases in CSF
tau in cognitively normal adults. Sci Rep. 2017;7(1):9766. https://doi.
0rg/10.1038/541598-017-09577-4.

de la Monte SM, Tong M. Brain metabolic dysfunction at the core of
Alzheimer’s disease. Biochem Pharmacol. 2014;88(4):548-559. https://
doi.org/10.1016/j.bcp.2013.12.012.

Lucke-Wold BP, Turner RC, Logsdon AF, et al. Common mechanisms
of Alzheimer’s disease and ischemic stroke: the role of protein kinase

December 2023

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

1049

C in the progression of age-related neurodegeneration. | Alzheimers
Dis. 2015;43(3):711-724. https://doi.org/10.3233/JAD-141422.

Sriram S, Mehkri Y, Quintin S, Lucke-Wold B. Shared pathophysiol-
ogy: understanding stroke and Alzheimer’s disease. Clin Neurol
Neurosurg. 2022;218:107306. https://doi.org/10.1016/j.clineuro.2022.
107306.

Kullmann S, Heni M, Hallschmid M, Fritsche A, Preissl H, Haring
HU. Brain insulin resistance at the crossroads of metabolic and cogni-
tive disorders in humans. Physiol Rev. 2016;96(4):1169-1209. https://
doi.org/10.1152/physrev.00032.2015.

Biessels GJ, Reagan LP. Hippocampal insulin resistance and cognitive
dysfunction. Nat Rev Neurosci. 2015;16(11):660-671. https://doi.org/
10.1038/nrn4019.

Kapogiannis D, Boxer A, Schwartz JB, et al. Dysfunctionally phos-
phorylated type 1 insulin receptor substrate in neural-derived blood
exosomes of preclinical Alzheimer’s disease. FASEB J. 2015;29(2):589—
596. hittps://doi.org/10.1096/fj.14-262048.

Yarchoan M, Toledo JB, Lee EB, et al. Abnormal serine phosphoryla-
tion of insulin receptor substrate 1 is associated with tau pathology in
Alzheimer’s disease and tauopathies. Acta Neuropathol. 2014;128
(5):679-689. https://doi.org/10.1007/s00401-014-1328-5.

Desikan RS, Schork AJ, Wang Y, et al. Polygenic overlap between C-reac-
tive protein, plasma lipids, and Alzheimer disease. Circulation. 2015;131
(23):2061-2069. https://doi.org/10.1161/CIRCULATIONAHA.115.015489.
Bernath MM, Bhattacharyya S, Nho K, et al. Serum triglycerides in
Alzheimer disease: relation to neuroimaging and CSF biomarkers.
Neurology. 2020;94(20):¢2088-e2098. https://doi.org/10.1212/WNL.
0000000000009436.

Bellia C, Lombardo M, Meloni M, Della-Morte D, Bellia A, Lauro D.
Diabetes and cognitive decline. Adv Clin Chem. 2022;108:37-71.
https://doi.org/10.1016/bs.acc.2021.07.006.

Hamzé R, Delangre E, Tolu S, et al. Type 2 diabetes mellitus and Alz-
heimer’s disease: shared molecular mechanisms and potential com-
mon therapeutic targets. Int ] Mol Sci. 2022;23(23):15287. https://doi.
0rg/10.3390/ijms232315287.

Serrano-Pozo A, Das S, Hyman BT. APOE and Alzheimer’s disease:
advances in genetics, pathophysiology, and therapeutic approaches.
Lancet Neurol. 2021;20(1):68-80. https://doi.org/10.1016/S1474-4422
(20)30412-9.

Shi Y, Holtzman DM. Interplay between innate immunity and
Alzheimer disease: APOE and TREM2 in the spotlight. Nat Rev Immu-
nol. 2018;18(12):759-772. https://doi.org/10.1038/s41577-018-0051-1.


https://doi.org/10.1001/jamaneurol.2015.0613
https://doi.org/10.1001/jamaneurol.2015.0613
https://doi.org/10.1016/S2213-8587(20)30113-3
https://doi.org/10.1016/S2213-8587(20)30113-3
https://doi.org/10.1212/01.WNL.0000265401.62434.36
https://doi.org/10.3233/JAD-141791
https://doi.org/10.1002/alz.12638
https://doi.org/10.1002/alz.12638
https://doi.org/10.1212/WNL.0b013e3181ffe4f6
https://doi.org/10.1212/WNL.0b013e3181ffe4f6
https://doi.org/10.2337/dc09-1740
https://doi.org/10.1016/j.jalz.2014.03.011
https://doi.org/10.1016/j.jalz.2014.03.011
https://doi.org/10.1039/c4cs00038b
https://doi.org/10.1039/c4cs00038b
https://doi.org/10.1038/s41598-017-09577-4
https://doi.org/10.1038/s41598-017-09577-4
https://doi.org/10.1016/j.bcp.2013.12.012
https://doi.org/10.1016/j.bcp.2013.12.012
https://doi.org/10.3233/JAD-141422
https://doi.org/10.1016/j.clineuro.2022.<?A3B2 re3j?>107306
https://doi.org/10.1016/j.clineuro.2022.<?A3B2 re3j?>107306
https://doi.org/10.1152/physrev.00032.2015
https://doi.org/10.1152/physrev.00032.2015
https://doi.org/10.1038/nrn4019
https://doi.org/10.1038/nrn4019
https://doi.org/10.1096/fj.14-262048
https://doi.org/10.1007/s00401-014-1328-5
https://doi.org/10.1161/CIRCULATIONAHA.115.015489
https://doi.org/10.1212/WNL.<?A3B2 re3j?>0000000000009436
https://doi.org/10.1212/WNL.<?A3B2 re3j?>0000000000009436
https://doi.org/10.1016/bs.acc.2021.07.006
https://doi.org/10.3390/ijms232315287
https://doi.org/10.3390/ijms232315287
https://doi.org/10.1016/S1474-4422(20)30412-9
https://doi.org/10.1016/S1474-4422(20)30412-9
https://doi.org/10.1038/s41577-018-0051-1

	Association of the Triglyceride-Glucose Index With Risk of Alzheimer's Disease: A Prospective Cohort Study
	INTRODUCTION
	METHODS
	Study Population
	Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGMENTS
	CRediT authorship contribution statement
	SUPPLEMENTAL MATERIAL
	REFERENCES



