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Abstract

Background The association of a combination of the TyG index and obesity markers, specifically waist circumference
(WQ), with cognitive function is unknown. This research investigated the relationship between TyG-WC measurements
and cognitive impairment in a low-income population in China; moreover, this study evaluated the role of diabetes
mellitus and body mass index (BMI) in modulating this relationship.

Methods 1125 eligible individuals aged > 60 years participated in this study. The TyG index and obesity indicators
(BMI, WC, and waist-to-height ratio) were calculated for individual participants and categorized into quartiles.
Multivariate logistic regression analysis was used to evaluate the correlation between TyG-WC values and cognitive
impairment; the possibility of a nonlinear relationship was explored using constrained cubic spline analysis. The
participants were divided into different groups according to their diabetes status and BMI category for subgroup
analyses. Linear regression was used to investigate the correlation between TyG-WC values and MMSE scores.

Results The prevalence of cognitive impairment in the study participants was 47.3%, with a significant negative
association between TyG-WC values and cognitive impairment, (odds ratio [OR] =0.999; 95% confidence interval [Cl],
0.997-1.00, P=0.009). A U-shaped correlation was observed between the TyG-WC values and cognitive impairment
(P=0.008). Subgroup analyses showed that the inverse association between TyG-WC values and cognitive impairment
was stronger in non-diabetic individuals (OR=0.998; 95% Cl, 0.997-0.999; P=0.002) and in those with a lower BMI
(<24 kg/mz; OR=0.996; 95% Cl, 0.994-0.998; P=0.001). A positive correlation was found between TyG-WC values and
MMSE scores, particularly in men and non-diabetic individuals (3 =0.003; 95% Cl, 0.0002-0.005; P=0.031).

Conclusion This study demonstrates a nonlinear U-shaped relationship between TyG-WC values and cognitive
function. The stronger inverse association between TyG-WC values and cognitive decline in the non-diabetic and

*Juan Hao, Yuting Lu and Lei Zhang contributed equally to this work.

*Correspondence:
Chunsheng Yang
cyang01@tmu.edu.cn
Xianjia Ning
xning@tmu.edu.cn
Yan Li
liyanmanu@163.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-024-02388-3&domain=pdf&date_stamp=2024-11-29

Hao et al. Lipids in Health and Disease (2024) 23:397

Page 2 of 12

low-BMI subgroups suggests that these populations may benefit the most from targeted interventions. These findings
are important for clinical practice and formulating disease-prevention policies, emphasizing the need for metabolic
health management to prevent cognitive decline, particularly in low-income populations.

Keywords Cognitive impairment, TyG-WC, Metabolic health, BMI, Diabetes mellitus

Background

Cognitive impairment and dementia are becoming
increasingly significant global health challenges, particu-
larly in aging populations—it is estimated that by 2050,
2.1 billion people worldwide will be over the age of 60
years [1]. These conditions impose a substantial burden
on both individuals and healthcare systems, with an esti-
mated 56.9 million people already affected by Alzheim-
er’s disease and other types of dementia [2]. By 2050, this
number is expected to double, making the early identifi-
cation and prevention of risk factors associated with cog-
nitive decline a public health priority [3]. In China, where
the prevalence of mild cognitive impairment and demen-
tia are approximately 15.5% and 6.0%, respectively, this
issue presents a particularly large socioeconomic burden
[4].

Recent research has shown links between metabolic
dysfunction and cognitive decline. The triglyceride-
glucose (TyG) index is widely used to evaluate insu-
lin resistance and plays a role in conditions such as
cardiovascular disease and diabetes mellitus [5-9]. Insu-
lin resistance reportedly contributes to cognitive impair-
ment through mechanisms involving vascular damage
and direct neurodegenerative effects [7—9]. Furthermore,
obesity is prevalent worldwide and has been linked to
cognitive decline in several studies [10-12]. The TyG
index, combined with obesity measures such as the body
mass index (BMI), waist circumference (WC), and waist-
to-height ratio (WHtR), may provide better evidence of
cognitive impairment in health screening compared to
any of these single indicators [6, 13—17].

However, despite growing interest, the relationship
between the TyG index and cognitive function remains
underexplored, with studies reporting conflicting find-
ings. Some findings have suggested that higher TyG
values relate to worse cognitive performance, whereas
others have found protective effects, particularly when
combined with certain obesity metrics [7-9, 15-17].
Moreover, the extent to which different obesity indicators
modify this relationship remains unclear, particularly in
low-income and rural populations.

In this study, a combination of the TyG index with
obesity measures, particularly the TyG-WC index, was
hypothesized to provide a more accurate prediction of
cognitive impairment risk than either factor alone. Previ-
ous studies have explored the independent effects of the
TyG index and obesity indicators on cognitive function,
with some showing a linear relationship between TyG

and cognition [7-9, 16, 17]. This study proposed a new
perspective by investigating the still poorly documented
U-shaped correlation between TyG-WC values and cog-
nitive function.

Thus, this study aimed to investigate the correlation
between the combination of the TyG index with various
obesity indices (BMI, WC, and WHtR) and the cogni-
tive function of low-income rural residents in Tianjin,
China. By addressing existing gaps in the literature, this
study provides increased clarity regarding how meta-
bolic dysfunction and obesity interact to influence cogni-
tive decline. The study also provides valuable insights for
early intervention strategies and public health policies.

Methods

Study Design and participants

This cross-sectional analysis was part of a larger prospec-
tive cohort study of cognitive function. A baseline survey
was conducted in 2012, in which participants aged =60
years were assessed. Follow-up cognitive evaluations
were conducted from 2018 to 2020, enabling an analysis
of cognitive decline and the progression of related fac-
tors over time. This study serves as an initial phase in
the exploration of the relationship between metabolic
health and cognitive impairment, with future analyses
planned to assess the factors influencing cognitive func-
tion decline and its progression. For inclusion, partici-
pants were required to be 260 years of age, have lived in
the area for more than five years, and provide informed
consent. Exclusion criteria included myocardial infarc-
tion, stroke, congenital disease, history of psychiatric ill-
ness or incomplete data on cognitive function or obesity
index. The final 1,125 participants were eligible and were
enrolled this study.

This study adhered to the principles of the Declaration
of Helsinki, with ethical approval granted by the Tianjin
Medical University General Hospital Ethics Committee,
and informed consent was obtained from all participants.

Cognitive assessment

Cognitive function was evaluated using the Mini-Mental
State Examination (MMSE), a widely accepted tool for
assessing cognition. Cognitive impairment was catego-
rized by MMSE scores: <18 for illiterate participants, <21
for those with <6 years of education, and <25 for those
with >6 years of formal education. Participants were
then classified as either cognitively normal or cognitively
impaired.
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Measurement of TyG index and obesity indicators

The primary parameter of interest was the TyG index,
which is an effective tool for assessing insulin resistance.
The index was calculated using the following formula:
TyG=In [triglycerides (mg/dL) x fasting glucose (mg/
dL)/2]. The obesity indicators BMI, WC, and WHIR were
also determined. BMI was determined as weight (kg) /
height squared (m®), WC was measured at the midpoint
between the inferior border of the 10th rib and the supe-
rior border of the iliac crest, and WHtR was calculated by
dividing WC by height. These indices were classified into
quartiles for statistical analysis.

Data collection and covariates

Sociodemographic data, lifestyle habits (including smok-
ing and alcohol consumption), and clinical features
(including hypertension and diabetes status) were col-
lected via offline conversations and physical examina-
tions. Hypertension was defined as systolic or diastolic
blood pressure values of 2140 or 290 mmHg, respec-
tively, or the use of antihypertensive drugs. Diabetes was
defined as a fasting blood glucose level of >7.0 mmol/L,
a diabetes diagnosis, or use of anti-diabetic medications.

Statistical analysis

Descriptive statistics were used to summarize participant
characteristics, with means and standard deviations (SD)
for continuous variables and frequencies and percent-
ages used to describe categorical data. Both continuous
and categorical variables were analyzed to better explore
the linear association between continuous variables and
outcomes and the relationship between categorical vari-
ables and outcomes. Independent t-tests and chi-squared
tests were used to assess differences between association
and categorical variables between cognitively normal and
impaired groups, respectively.

Considering that other confounding factors could affect
the results, multivariate logistic regression analysis was
applied to explore the relationships of cognitive impair-
ment with the TyG index and TyG combined with obesity
indicators; potential confounding factors were adjusted
to avoid the potential correlation of independent vari-
ables affecting the results of multivariate analysis. We did
not adjust for diabetes in conjunction with the TyG index
combined with obesity indicators. The odds ratios (OR)
and 95% confidence intervals (95%CI) for each quartile of
TyG and obesity index were calculated, with the lowest
quartile (Q1) serving as the reference group.

Restricted cubic spline analyses were conducted to
examine potential nonlinear relationships. The effect
of sex, age group, presence of diabetes, or BMI group
(BMI<24 kg/m?®, 24-28 kg/m?®, > 28 kg/m®) on the rela-
tionship between the TyG index and cognitive impair-
ment was assessed using subgroup analyses. Additionally,
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linear regression analysis was used to assess the asso-
ciation between the TyG indices and MMSE scores after
adjusting for the same covariates.

SPSS (version 27.0; IBM, Armonk, NY, USA) was used
for statistical analyses, and statistical significance was
defined as a two-sided P<0.05. R version 4.4.0 was used
to create RCS diagrams (https://www.R-project.org/).

Results

Participant characteristics

In total, 1125 eligible individuals participated in this
study, including 521 men (46.3%) and 604 women
(53.7%). The mean age of participants was 67.4416.28
years, with 68.5% aged 60—69-years and 31.5% aged =70
years. Cognitive impairment was observed in 47.3%
(n=532) of the participants, and diabetes prevalence was
17.7% (n=199). Table 1 shows the characteristics of the
participants, including their BMI, smoking status, alco-
hol consumption, and other clinical features.

Association of risk factors with cognitive impairment in the
univariate analysis

A univariate analysis showed that sex, age, smoking sta-
tus, alcohol consumption, and diabetes mellitus were
significantly associated with cognitive impairment (all,
P<0.05; Table 2). Specifically, cognitive impairment was
more prevalent in older individuals, women, nonsmok-
ers, and those with diabetes.

Association between the TyG-WC index and cognitive
impairment in the multivariate analysis

Multivariate logistic regression indicated a significant
inverse relationship between TyG-WC index levels and
cognitive impairment risk, after adjusting for confound-
ers. Each unit increase in TyG-WC was associated with a
0.1% reduction in cognitive impairment risk (OR=0.999;
95% CI, 0.997-1.00; P=0.009) (Table 3). This inverse
association between the TyG-WC index and cognitive
impairment persisted after adjusting for confounders.

A restricted cubic spline analysis further revealed
a nonlinear association between TyG-WC values and
cognitive impairment; both high and low TyG-WC val-
ues were associated with greater cognitive impairment
(P=0.008; Fig. 1). This U-shaped relationship suggests
that maintaining the TyG-WC values within an optimal
range may reduce cognitive impairment risk.

Subgroup analyses in the association of the TyG index with
cognitive impairment

Subgroup analyses by sex, age group, diabetes status,
and BMI category demonstrated that the relationship
between the TyG-WC index and cognitive impairment
was particularly pronounced in those without diabe-
tes and in those with a BMI<24 kg/m?. In the subgroup
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Table 1 Characteristics of participants

Characteristics Men Women Total

Case, n (%) 521 (46.3) 604 (53.7) 1125 (100.0)
Age, years, means+SD 67.79+6.32 67.13+6.22 67.44+6.28
Age groups, n (%)

60-69 years 341 (65.5) 430 (71.2) 771 (68.5)
>70 years 180 (34.5) 174 (28.8) 354 (31.5)
BMI, Kg/mz/ means+SD 24.28+3.38 2497 £3.64 24.65+3.54

BMI groups, n (%)
Under weight 17 (3.3) 14 (2.3) 31 (28
Normal 241 (46.5) 233 (38.7) 474 (42.3)
Overweight 185 (35.7) 239 (39.7) 424 (37.9)
Obesity 75(14.5) 116 (19.3) 191 (17.1)
Smoking, n (%)
Never smoking 156 (29.9) 558 (92.4) 714 (63.5)
Current smoking 264 (50.7) 40 (6.6) 304 (27.0)
Ever smoking 101 (19.4) 6(1.0) 107 (9.5)
Alcohol consumption, n (%)
Never drinking 246 (47.2) 591 (97.8) 837 (74.4)
Current drinking 245 (47.0) 13(2.2) 258 (22.9)
Ever drinking 30(5.8) 0(0.0) 302.7)
Education years, means+SD 531+279 2494295 3.80+3.20
Hypertension, n (%) 215 (41.3) 301 (49.8) 516 (45.9)
Diabetes, n (%) 68 (13.1) 131 (21.7) 199 (17.7)
TyG, means+SD 8.61+0.66 8.86+0.58 8.74+0.63
TyG groups, n (%)
Q1 174 (33.4) 107 (17.7) 281 (25.0)
Q2 138 (26.5) 144 (23.8) 282 (25.1)
Q3 111 (21.3) 170 (28.1) 281 (25.0)
Q4 98 (18.8) 183 (30.3) 281 (25.0)
TyG-BMI, means+SD 209.75+3852 221.68+38.13 216.16+£38.75
TyG-BMI groups, n (%)
Q1 168 (32.4) 112 (18.6) 280 (25.0)
Q2 127 (24.5) 153 (25.4) 280 (25.0)
Q3 132 (23.6) 158 (26.2) 280 (25.0)
Q4 101 (19.5) 179 (29.7) 280 (25.0)
TyG-WHtR, means+SD 447+0.73 492+0.73 4.71+£0.76
TyG-WHtR groups, n (%)
Q1 192 (37.2) 87 (14.5) 279 (25.0)
Q2 136 (26.4) 144 (23.9) 280 (25.0)
Q3 109 (21.1) 171 (28.4) 280 (25.0)
Q4 79 (15.3) 200 (17.9) 279 (25.0)
TyG-WC, means +SD 741.05+£124.67 76048+116.22 75151+£120.53
TyG-WC groups, n (%)
Q1 155 (30.0) 124 (20.6) 279 (25.0)
Q2 125 (24.2) 155(25.7) 280 (25.0)
Q3 120(23.3) 160 (26.6) 280 (25.0)
Q4 116 (22.5) 163 (27.1) 279 (25.0)
Cognitive impairment, n (%) 177 (34.0) 355 (58.8) 532 (47.3)
FBG, mmol/L, means +SD 553+146 593+1.72 5.74+161
TG, mmol/L, means+SD 154+1.26 1.74+093 1.65+£1.10
TC, mmol/L, means+SD 4324129 467+134 451+133
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Table 2 Results of a univariate analysis of clinical characteristics and cognitive impairment
Characteristics Cognitive Normal Cognitive Impairment P
Case, n (%) 593 (52.7) 532 (47.3)
Men, n (%) 344 (66.0) 177 (34.0) <0.001
Age, years, means+SD 65.89+5.05 69.17+7.02 <0.001
Age groups, n (%): <0.001

60-69 years 472 (61.2) 299 (38.8)

>70 years 121 (34.2) 233 (65.8)
BMI, Kg/m? means +SD 24.83+3.35 2445+3.73 0.073
BMI groups, n (%): 0.439

Under weight 15 (48.4) 16 (51.6)

Normal 238 (50.2) 236 (49.8)

Overweight 235 (55.4) 189 (44.6)

Obesity 102 (53.4) 89 (46.6)
Waist, cm, means +SD 86.87+9.87 8438+10.76 <0.001
Smoke status, n (%) <0.001

Never smoking 319 (44.7) 395 (55.3)

Current smoking 199 (65.5) 105 (34.5)

Ever smoking 75 (70.1) 32(29.9)
Alcohol consumption, n (%) <0.001

Never drinking 395 (47.2) 442 (52.8)

Current drinking 179 (694) 79 (30.6)

Ever drinking 19 (63.3) 11(36.7)
Hypertension, n (%) 278 (53.9) 238 (46.1) 0471
Diabetes, n (%) 89 (44.7) 110 (55.3) 0.013
FBG, mmol/L, means +SD 566+1.53 584+1.70 0.058
TG, mmol/L, means+SD 1.62+1.09 1.67+1.11 0.466
TC, mmol/L, means+SD 4454139 457+1.25 0.133
TyG, means+SD 8.72+0.63 8.77+0.62 0.131
TyG groups, n (%) 0.069

Q1 147 (52.3) 134 (47.7)

Q2 165 (58.5) 117 (41.5)

Q3 148 (52.7) 133 (47.3)

Q4 133 (47.3) 148 (52.7)
TyG-BMI, means+SD 217.05+37.14 215.18+40.48 0419
TyG-BMI groups, n (%) 0.278

Q1 136 (48.6) 144 (51.4)

Q2 146 (52.1) 134 (47.9)

Q3 159 (56.8) 121 (43.2)

Q4 149 (53.2) 131 (46.8)
TyG-WHtR, means+SD 4.71+0.75 4.72+0.78 0811
TyG-WHtR groups, n (%) 0.769

Q1 147 (52.7) 132 (47.3)

Q2 148 (52.9) 132 (47.1)

Q3 153 (54.6) 127 (45.4)

Q4 140 (50.2) 139 (49.8)
TyG-WC, means+SD 759.65+£117.74 74248+123.04 0.017
TyG-WC groups, n (%) 0.099

Q1 130 (46.6) 149 (53.4)

Q2 148 (52.9) 132 (47.1)

Q3 159 (56.8) 121 (43.2)

Q4 151 (54.1) 128 (45.9)
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Table 3 Results of multivariate analysis between TyG-WC and without diabetes, cognitive impairment risk decreased by
cognition 0.2% per unit increase in the TyG-WC value (OR=0.998;
References  OR(95%Cl) i 95% CI, 0.997-0.999; P=0.002). For participants with
EWe 0999(0997,1.00) 0009 BMI<24 kg/m? the risk decreased by 0.4% per unit
Women Men 231(163,329) <0001 increase in the TyG-WC value (OR=0.996; 95% CI,
Age groups 60-69 years 0.994-0.998; P=0.001). However, this significant asso-
>70 years ' 364(273,484) <0001 ciation was not found for men, patients with diabetes, or
Smoke status _ Never smoking participants with a BMI of >24 kg/m? (Fig. 2).
Current smoking 0.69 (047,1.02) 0.065
AIcE(;/s;\Sz)fwilgripﬁon Never drinking 051(0.29,089) oot Association between the TyG-WC index and MMSE scores
Current drinking 077 (052, 1.15) 0205 The univariate analysis showed that sex, age, smok%ng
Ever drinking 145 (062, 342) 0393 status, alcohol consumption, total cholesterol, fasting
blood glucose, BMI, TyG-WC, diabetes, and hyperten-
sion were significantly associated with MMSE scores (all,
4 -

3- P for nonlinear=0.008

TyG-WC=799.38

yhat

1—- L] —-— o L] — L] —_— L] m— — = e — m— —_—
I

| I I l | I
500 600 700 800 900 1000

TyG.WC

Fig. 1 Restricted cubic spline analysis to evaluate the potential non-linear relationship between TyG-WC and cognitive impairment. This figure shows the
non-linear relationship between TyG-WC and cognitive impairment
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subgroups OR(95%CI) P

Sex

Men 0.998 (0.997, 1.000) 0.063 g
Women 0.999 (0.997, 1.000) 0.070 |
Age

60-69 years /

>69 years /

Diabetes

Yes /

No 0.998 (0.997, 0.999) 0.002 sl
BMI

BMI<24 0.996 (0.994, 0.998) 0.001 HH

24<=BM|<28 /

BMI>=28 / . . .

0.9625 0.975 0.9875 1

Fig. 2 Association between the TyG-WC and cognitive impairment in sex, age, diabetes mellitus, and BMI subgroups in logistic models. This figure shows
that after adjusting for covariates, in the subgroup without diabetes, the risk of cognitive impairment decreased by 0.2% for each higher value of TyG-WC.
In participants with a BMI < 24, the risk decreased by 0.4% per unit increase in TyG-WC. No significant association was found between TyG-WC and cogni-
tive impairment in men, participants with diabetes, or those with a BMI > 24

Table 4 Results of a univariate analysis of clinical characteristics Table 5 Results of a multivariate analysis of clinical

and MMSE scores characteristics and MMSE scores

Characteristics References B (95%Cl) P Characteristics References B (95%Cl) P
Women Men -344 (-4.02,-2.86)  <0.001 TyG-WC 0.003 (0.0002,0.005)  0.031
Age -0.29(-0.34,-0.25)  <0.001 TC -0.07 (-0.28,0.14) 0.521
FBG -0.23 (-0.42,-0.04) 0.018 Smoke status Never smoking ~ 0.63 (0.08, 1.18) 0.025
TG -0.07 (-0.35,0.21) 0618 Alcohol consumption Never drinking ~ -0.01 (-0.70, 0.67) 0.973
TC -0.31 (-0.54,-0.08) 0.009 Women Men -3.19 (-3.92, -2.46) <0.001
Smoke status Never smoking 1.91 (146, 2.35) <0.001 Age groups 60-69 years -361(-4.20,-3.02) <0.001
Alcohol consumption  Never drinking 2.15(1.56,2.74) <0.001 Hypertension No Hypertension 0.68 (0.12, 1.24) 0.018
TyG -0.42 (-0.90, 0.07) 0.094

BMI 0.10(0.01,0.18) 0.028

TyG-WC 0.003 (0.001, 0.006) 0.016 pOSitiVE correlation was also found in the male subgroup
Age groups 60-69 years -348 (-4.10, -2.85) <0.001 ([3:0.005; 95% CI, 0.002—0.007; P= 0.002) and in partici-
BMI groups Q1 0.35 (-0.04, 0.74) 0.079 pants without diabetes ($=0.004; 95% CI, 0.001-0.007;
Hypertension No Hypertension 065 (0.04, 1.27) 0.037 P=0.003). No significant relationship between the TyG-
Diabetes No Diabetes 094 (-1.74,-0.14) 0.022 WC index and MMSE scores was found in other sub-

groups, including those with higher BMIs or diabetes
P<0.05; Table 4). The multivariate linear regression anal-  (Fig. 3).
ysis showed a significant positive association between the
TyG-WC index and MMSE score. For each unit increase
in TyG-WC values, MMSE scores increased by 0.003
(B=0.003; 95% CI, 0.0002—0.005; P=0.031; Table 5). This
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subgroups | B(@5%C) P
Sex

Men 0.005 (0.002, 0.007) 0.002 —=—

Women /

Age

60-69 years /

>69 years /

Diabetes

Yes 0.003 (-0.002, 0.009) 0.250 |<=———

No 0.004 (0.001, 0.007) 0.003 —a—

BMI

BMI<24 /

24<=BM|<28 /

BMI>=28 / . , '

Fig. 3 Association between the TyG-WC and MMSE Scores in sex, age, diabetes mellitus, and BMI subgroups in linear models. This figure shows that after
adjusting for covariates, in the male subgroup, for each unit increase in TyG-WC, MMSE scores increased by 0.005. In the non-diabetic subgroup, for each
unit increase in TyG-WC, MMSE scores increased by 0.004. No significant association was found in other subgroups

Dose-response relationship between the TyG-WC index
and cognitive impairment

The restricted cubic spline analysis showed a U-shaped
dose-response correlation between TyG-WC values and
cognitive impairment, with both very low and high TyG-
WC values linked to greater impairment risk (P=0.008).
However, a nonlinear association was not apparent
between the TyG-WC values and MMSE scores (P>0.05;
Fig. 4). These findings suggest that maintaining an appro-
priate TyG-WC range protects against cognitive decline,
whereas extremely low and high TyG-WC levels may be
detrimental.

Discussion

This study examined the association between the com-
bination of the TyG index and obesity indicators with
cognitive function in older, low-income, and rural indi-
viduals in Tianjin, China. A notable inverse relationship
was identified between TyG-WC values and cognitive
impairment. Additionally, a U-shaped association was
observed between TyG-WC values and cognitive impair-
ment, with both high and low TyG-WC values associated
with an increased risk. Subgroup analyses revealed that
the protective effect of the TyG-WC index was particu-
larly pronounced in individuals without diabetes and in
those with a BMI of <24 kg/m? Additionally, a posi-
tive correlation was found between TyG-WC values and
MMSE scores, particularly in men and individuals with-
out diabetes, indicating that higher TyG-WC values are

associated with better cognition. In men, the MMSE
score increased by 0.005 for each unit increase in TyG-
WC values. However, no association was found between
TyG-WC values and MMSE scores in women.

While prior research has explored the TyG index in
relation to cognitive function, the specific link between
the TyG-WC index and cognitive impairment remains
underreported, with few studies directly addressing
this association. Most previous studies have focused
on broader metabolic indices, leaving the relationship
between TyG combined with WC and cognition less well
understood. Some findings have suggested a connection
between TyG-related metrics and cognitive decline, but
the results have been mixed; the role of the TyG-WC
index in cognitive function has yet to be clearly defined.
Some studies have found that higher TyG-BMI and TyG-
WHIR values may serve as useful markers of cognitive
decline [16, 17], whereas others have shown that TyG-
BMI appears to play a protective role in cognition [15].
These studies indicate that TyG indices, when combined
with obesity measures, may be useful markers of cogni-
tive decline. However, the specific role of the TyG-WC
index remains unclear. In contrast, this study provides
new insights by identifying a significant inverse rela-
tionship between TyG-WC values and cognitive impair-
ment that persists even after adjusting for confounding
factors. This inverse correlation suggests that higher
TyG-WC values can reduce the risk of cognitive impair-
ment, a finding not widely reported in the literature.
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TyG.WC

Fig. 4 Restricted cubic spline analysis to evaluate the potential non-linear relationship between TyG-WC and MMSE Scores
This figure shows that there was no nonlinear association between TyG-WC and MMSE Scores

Furthermore, the discovery of a U-shaped correlation
between TyG-WC values and cognitive impairment is
unique.

These findings showed that excessively low or high
TyG-WC values may contribute to cognitive impairment,
highlighting the importance of maintaining metabolic
and obesity indices within an optimal range. However,
this study showed only an association between TyG-WC
values and cognitive impairment; related measures did
not show this relationship. This is possibly due to the
TyG-WC index being more reflective of the degree of
central obesity and insulin resistance than other indica-
tors. The mechanism underlying the beneficial effects of
TyG-WC values within a fixed range on cognitive func-
tion may be related to the metabolic and vascular access
affected by insulin resistance and central obesity. Higher
TyG-WC levels, within a fixed range, may reflect a bal-
ance in energy metabolism that may help protect against
cognitive decline by improving insulin sensitivity and glu-
cose utilization in the brain. Conversely, excessively high
or low TyG-WC values may disrupt this balance, lead-
ing to hyperinsulinemia or an insufficient energy supply
to the brain, both of which are detrimental to cognitive
function. These mechanisms could explain the U-shaped
relationship observed in this finding.

The U-shaped relationship observed in this study has
not been widely reported in previous studies. Although
correlations between metabolic indicators and cognitive
impairment have been explored, few studies have found
nonlinear correlations between these indicators and cog-
nitive function. Most existing research has focused on
linear relationships, often finding either positive or nega-
tive associations. However, the concept of a U-shaped
curve reflecting a negative impact of both the high
and low extremes of TyG-WC values has been largely
unexplored.

A few studies have examined nonlinear associations in
related contexts. Tian et al. reported an inverted J-shaped
correlation between the TyG index and various cognitive
domains, showing that moderate levels of TyG offer cog-
nitive protection, whereas extremely low or high levels
are detrimental [8]. In contrast, Hou et al. observed a lin-
ear association between the TyG-WHtR values and cog-
nitive impairment, where higher levels consistently led to
cognitive decline without evidence of a nonlinear trend
[17]. However, none of these studies specifically focused
on the TyG-WC index, leaving a gap in the understand-
ing of its unique relationship with cognitive health. The
present study expanded on this body of work by demon-
strating a U-shaped correlation between TyG-WC values
and cognitive impairment.
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The U-shaped pattern also supports novel insights into
how metabolic- and obesity-related indices may interact
with cognitive health. The mechanisms underlying this
nonlinear relationship may involve a complex interplay
among insulin resistance, lipid metabolism, and brain
function. Low TyG-WC values may indicate suboptimal
energy metabolism, thereby reducing cognitive mainte-
nance in the brain due to insufficient glucose availability.
Conversely, high TyG-WC values may reflect excessive
insulin resistance and central obesity, which are known
to impair cognitive function through inflammatory and
vascular pathways. The U-shaped association may rep-
resent a balance between adequate metabolic function
and the avoidance of hyperinsulinemia and insufficient
energy supply to the brain, both of which can disrupt
normal cognitive processes.

The correlation between the TyG-WC index and cog-
nitive function in individuals without diabetes and with
lower BMI values is particularly noteworthy and has not
been extensively reported in previous studies. Although
previous research has explored the relationship between
metabolic markers, such as the TyG index, and cognitive
function, few studies have specifically investigated how
this association varies according to diabetes status and
BMLI. The interplay of metabolic health and obesity with
cognitive function is complex, and this study provides
valuable insights, particularly in populations with distinct
metabolic profiles.

Several studies have examined the association between
metabolic indices and cognitive outcomes. Ruis et al.
noted that patients with diabetes tend to experience
greater cognitive impairment due to more severe meta-
bolic dysregulation; however, their study did not spe-
cifically explore the TyG-WC index [18]. Other studies
have shown that increased inositol concentrations and
decreased N-acetylaspartate/creatine, glutamate, and
glutamine in patients with diabetes can be used as meta-
bolic biomarkers of cognitive impairment in this patient
group [19]. Glucose can affect the capacity and state of
the brain through several mechanisms, such as influenc-
ing metabolites and metabolic factors, oxidative stress,
and affecting the cerebral blood vessels and cerebral
blood flow [20-23]. Insulin influences brain function in
many ways, including promoting synapse formation, reg-
ulating neurotransmitters, and increasing glucose trans-
port [24—27]. Additionally, higher TyG values have been
found to be related to cognitive impairment in patients
with type 2 diabetes; however, this association was atten-
uated in individuals without diabetes, implying different
mechanisms in the two groups [16]. These findings high-
light the complexity of metabolic influences on cognition
and the potential for different effects depending on dia-
betes status.
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The present study identified a stronger inverse associa-
tion between TyG-WC values and cognitive impairment
in those without diabetes and in those with a lower BML
In non-diabetic participants, there was an association
between increased TyG-WC values and a reduced risk
of cognitive impairment. This suggests that metabolic
dysregulation in non-diabetic individuals may follow
pathways that are potentially linked to subclinical insulin
resistance. Similarly, the more pronounced association
between higher TyG-WC values and reduced cognitive
impairment in those with a lower BMI (<24) suggests
that the detrimental effects of central obesity on cogni-
tive function may be more evident in those with lower
overall adiposity. This result contrasts with previous find-
ings such as those of Hou et al., who reported stronger
associations between TyG indices and cognitive decline
in overweight and obese populations [17]. The potential
mechanisms underlying these differential associations
may involve varying degrees of metabolic compensation
in individuals with and without diabetes. In non-diabetic
individuals, the TyG-WC index may better capture the
early stages of insulin resistance, when metabolic distur-
bances are less severe but are significant enough to affect
cognitive function. In contrast, diabetic individuals may
experience more advanced metabolic dysfunction in
which the TyG-WC index is less predictive of cognitive
outcomes due to chronic hyperglycemia and related com-
plications. Additionally, individuals with a lower BMI
may exhibit different metabolic patterns, where central
obesity plays a more significant role in cognitive decline
than in those with higher overall body fat, where the
effects of central obesity may be diluted by other factors.

Few studies have specifically explored the correlation
between the TyG-WC index and cognitive performance
as measured by MMSE scores. Research in this area typi-
cally examines the association between cognitive decline
and general metabolic markers or obesity indices, leaving
the connection between the TyG-WC index and cognitive
performance relatively unexplored. Moreover, the pres-
ent findings were somewhat unexpected, as insulin resis-
tance and central obesity are typically linked to cognitive
dysfunction rather than to improved cognitive outcomes.
Several studies have investigated the association between
metabolic indices and cognitive function. A correlation
between higher TyG-BMI values and better cognition has
been found in some populations, suggesting a protective
effect of metabolic health under certain conditions [15].
Higher TyG levels have been linked to better cognitive
scores in non-diabetic individuals, but this association is
reversed in those with type 2 diabetes [16]. In contrast,
a previous finding did not find a significant correlation
between the TyG index and cognitive function but did
find a negative association between TyG-WHtR values
and MMSE scores, particularly in overweight individuals
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[7, 17]. These mixed findings highlight the complexity
of metabolic factors in cognitive health and suggest that
the relationship between metabolic indices and cognition
may vary across populations and subgroups.

This study identified a positive association between
TyG-WC values and MMSE scores, especially in men
and non-diabetic individuals. This suggests that within
certain metabolic ranges, higher TyG-WC values may
be linked to better cognitive performance. This finding
contradicts the generally accepted view that higher TyG
values or central obesity metrics are associated with cog-
nitive decline. It also raises questions regarding whether
moderate levels of insulin resistance or central obesity
offer compensatory protective effects on brain function
in specific subgroups. One possible mechanism for this
positive association may involve a balance between glu-
cose availability and insulin signaling in the brain. TyG-
WC values within a fixed range might reflect an optimal
metabolic state in which glucose supply to the brain
is maintained at levels that support cognitive function
without progressing to hyperinsulinemia or severe insu-
lin resistance. Additionally, non-diabetic individuals may
experience different metabolic dynamics, where mild
elevations in TyG-WC values do not yet lead to the neu-
rodegenerative effects observed in more advanced insulin
resistance. Alternatively, this relationship might be con-
text dependent, reflecting the interplay of other unmea-
sured factors, such as physical activity, diet, or genetic
predisposition, which could influence both metabolic
health and cognitive outcomes.

Strengths and limitations

This study has several strengths and limitations. A major
strength is its focus on a low-income rural Chinese popu-
lation, a demographic often underrepresented in research
on metabolic health and cognitive impairment. By exam-
ining this group, the study provides valuable insights into
metabolic and obesity-related risk factors for cognitive
decline, particularly in settings with different lifestyle and
health challenges compared to those of urban popula-
tions. Additionally, the comprehensive evaluation of the
TyG index combined with obesity indicators (WC, BMI,
WHtR) enhances understanding of how central obesity
and insulin resistance affect cognitive function. However,
this study has several limitations. As a cross-sectional
study, it cannot establish causality between TyG-WC
values and cognitive impairment, and longitudinal stud-
ies are needed for a clearer understanding of the tempo-
ral relationship. Furthermore, this study relied solely on
the MMSE to assess cognitive function, which may not
capture all cognitive aspects, such as executive func-
tion or memory; accordingly, future research should use
a broader set of cognitive assessments. Moreover, the
study’s sample, which focuses on a low-income rural
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population in Tianjin, limits the generalizability of the
findings to other populations, such as urban dwellers or
individuals from different socioeconomic backgrounds.
The study also did not account for potential confounders
such as diet, physical activity, genetic factors, or psycho-
logical stress, which may influence both TyG-WC and
cognitive function. Future studies should address these
factors to better isolate the association of TyG-WC with
cognitive outcomes. Additionally, since the population
had limited use of hypoglycemic or lipid-lowering drugs,
the impact of medication history was not assessed, which
may have influenced the results. Future research should
include medication history and consider a broader range
of comorbidities.

Conclusion

This study highlights the significant association between
TyG-WC values and cognitive impairment, particu-
larly in a low-income rural Chinese population. The
U-shaped association between TyG-WC values and
cognitive impairment suggests that maintaining meta-
bolic indicators within optimal ranges may be help slow
cognitive decline. The stronger association observed
in non-diabetic individuals and those with a lower BMI
indicates that certain subgroups may benefit more from
early metabolic health management. This finding pro-
vides important preliminary evidence for the identifica-
tion and management of cognitive impairment risk. The
TyG-WC combination offers a simple and accessible tool
for clinicians to assess metabolic health and potentially
identify cognitive decline risk, particularly in resource-
limited settings. Incorporating the TyG-WC index into
routine assessments could help healthcare providers
identify high-risk patients and offer earlier interven-
tions, such as lifestyle modifications. Improved lifestyle,
including dietary changes and consistent exercise, may
help optimize metabolic markers and reduce cognitive
risk. The U-shaped relationship between TyG-WC val-
ues and cognitive impairment suggests that maintaining
metabolic indicators within an optimal range is critical,
emphasizing the need for personalized strategies to bal-
ance metabolic health and reduce cognitive decline in
aging populations.
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