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Associations of triglyceride glucose-body
mass index and the combination of sedentary
behavior and physical activity with risks of all-
cause mortality and myocardial infarction:

a cohort study from the UK biobank
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Abstract

Background Triglyceride glucose-body mass (TyG-BMI) index, sedentary behavior (SB) and physical activity (PA) are
independently associated with all-cause mortality and myocardial infarction (MI). However, it remains unclear whether
TyG-BMI index and the combination of SB and PA exhibit joint effects on all-cause mortality and MI.

Methods Among 502 356 participants from the UK Biobank, 297 761 eligible participants were selected. The Cox
proportional hazards model and the restricted cubic spline regression model were used to assess the associations of
TyG-BMI with all-cause mortality and MI. To conduct stratified analysis, participants were classified into four groups
by SB (<6 h/d and > 6 h/d) and moderate to vigorous physical activity (MVPA) (<150 min/wk and > 150 min/wk).
Additionally, the multiplicative interaction was assessed between TyG-BMI and SB & MVPA. Furthermore, to estimate
their joint associations, participants were conjointly classified into twelve new groups by TyG-BMI (tertiles) and SB &
MVPA (four groups).

Results During a median follow-up of 13.8 and 13.6 years, 21 335 deaths and 9 116 Ml were observed, respectively.
The dose-response relationship of TyG-BMI with all-cause mortality was U-shaped with a cut-off point at 225.09,
whereas the relationship with Ml was positive nonlinear with a cut-off point at 266.87. A synergistic effect on all-cause
mortality was observed between TyG-BMI tertile 1 and >6 h/d SB & <150 min/wk MVPA (P for interaction <0.001).
When MVPA = 150 min/wk combined with SB either <6 h/d or not, TyG-BMI tertile 2 showed no significant association
with all-cause mortality risk, with HRs(95%Cls) of 0.98 (0.93-1.03) for <6 h/d SB and 1.00 (0.94-1.07) for >6 h/d SB.
When one of the two healthy behaviors was present (i.e,, either <6 h/d SB with <150 min/wk MVPA, or > 150 min/
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wk MVPA with > 6 h/d SB), its combination with TyG-BMl tertile 1 showed no significant association with Ml risk, with
HRs(95%Cls) of 1.07(0.95-1.20) and 1.09(0.94-1.25), respectively.

Conclusions TyG-BMI index and the combination of SB and PA were independently and jointly associated with risks
of all-cause mortality and MI. Our findings highlight the importance of improving insulin resistance to reduce all-
cause mortality risk, particularly in individuals with long-term SB and insufficient PA, who are more susceptible to the
adverse effects of TyG-BMI index. In long-term sedentary individuals, meeting PA guidelines (= 150 min/wk of MVPA)
effectively mitigated risks of all-cause mortality and Ml associated with TyG-BMI index.

Keywords Triglyceride glucose-body mass index, Sedentary behavior, Physical activity, All-cause mortality, Myocardial

infarction

Introduction

Myocardial infarction (MI) remains one of the major
causes of mortality, imposing a substantial burden on
society and individuals due to its acute onset, high mor-
tality rate, poor prognosis, and high medical costs [1, 2].
Notably, metabolic disturbances, such as dyslipidemia,
glucose intolerance, and obesity, have been identified
as major risk factors for MI and related mortality [3, 4].
These factors further contribute to MI and mortality with
its prevalence significantly increasing [5].

The triglyceride-glucose (TyG) index, derived from
fasting triglycerides (TG) and fasting blood glucose
(FBG), serves as a simple surrogate marker of insulin
resistance (IR) that could comprehensively assess glyco-
lipid metabolism [6]. More importantly, its combination
with adiposity-related indices, such as the triglyceride
glucose-body mass (TyG-BMI) index, has been mani-
fested to perform better than TyG index at reflecting IR
[7-14]. Previous studies have shown TyG-BMI index
could assess risks of MI and mortality, but they mainly
focused on population with certain disease such as dia-
betes, non-alcoholic fatty liver disease, acute myocardial
infarction and atrial fibrillation [15-20].

In addition to metabolic disturbance, the American
Heart Association and other leading organizations have
emphasized sedentary behavior (SB) and physical activ-
ity (PA) as modifiable risk factors for cardiovascular dis-
ease (CVD) and all-cause mortality [1, 21-25]. SB and
PA are interrelated and may coexist clinically, jointly
affecting health outcomes [26-29], although long-term
SB or insufficient PA was independently associated with
increased risks of mortality and MI [4, 30—32]. Further-
more, individuals with long-term SB or insufficient PA
are often accompanied by IR, glycolipid metabolism dis-
order and obesity [33—35]. However, it remains unclear
whether TyG-BMI and the combination of SB and PA
could synergistically affect all-cause mortality and MI,
and whether reducing SB and promoting PA could offset
the deleterious associations of TyG-BMI with all-cause
mortality and ML

This study aimed to investigate the interaction and
joint associations of TyG-BMI and the combination of SB

and PA with risks of all-cause mortality and MI among
participants from the UK Biobank.

Methods

Study population

UK Biobank, a large-scale prospective cohort, recruited
more than 500 000 participants aged 37 to 73 years from
22 assessment centers across England, Scotland, and
Wales between 2007 and 2010. Participants completed a
touch-screen questionnaire, had physical measurements
taken, and provided biological samples, as described in
detail elsewhere [36, 37]. UK Biobank was approved by
the North West Multi-Centre Research Ethical Commit-
tee (REF: 11/N'W/03820), and all participants provided
written informed consent for the study [38].

Among the 502 356 participants, we excluded those
with missing information on TG (n =33 279), FBG (n=72
913), BMI (n=3 107), sedentary time (n=10 488), PA
(n=60 330) and covariates (z=42 198), as well as those
with prevalent CVD (including angina pectoris, MI, heart
failure and stroke) at baseline. Overall, 297 761 partici-
pants were included (Fig. 1). The diagnosis of prevalent
CVD (ICD-9: 410-414, 428, 430-434, 436; ICD-10: 120-
125, 150, 160-164) was obtained through self-reported
disease history, medication history and linked hospital
admissions data.

Outcome variable

All-cause mortality and incident MI were collected reg-
ularly through linked death register data and hospital
admissions data. Date and cause of death were obtained
from death register data to 31 December 2022. The hos-
pital registry-based follow-up ended on October 31,
2022, in England; August 31, 2022, in Scotland; and May
31, 2022, in Wales [39]. MI was classified using ICD-10
codes (I121-123, 124.1 and 125.2).

Exposure variable and covariates

The TyG-BMI index was calculated as In [TG (mg/dl) x
FBG (mg/dl)/2] x BMI [7]. BMI was calculated as weight
(kg)/height (m)%. The measurements of TG and FBG
were analyzed via clinical chemistry (Beckman Coulter



Zhu et al. Cardiovascular Diabetology (2025) 24:102

UK Biobank

h 4

N=427 390

N=362 640

\ 4

N=339 959

N=297 761

Fig. 1 Flowchart of participants screening

AU5800, LOCATION of device manufacturer). The coef-
ficient of variation for concentration of TG was less than
3% and of FBG was less than 2%. Peripheral venous blood
samples from all participants were collected at baseline,
and collection procedures of the UK Biobank study were
validated [36].

The daily sedentary time was calculated as the sum of
self-reported time spent watching TV, driving and using
a computer (non-occupational) over the last 4 weeks
[40]. We classified SB into <6 h/d and =6 h/d, referring
to two studies by Stamatakis and Patterson et al. [27, 41].
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N=60 330, Missing physical activity

Excluded:
N=22 681, Prevalent cardiovascular disease

Drinking status

Prevalent diabetes

Parental history of cardiovascular
disease

vy b

PA was self-reported and classified into <150 min/wk
and >150 min/wk moderate to vigorous physical activ-
ity (MVPA) according to the guideline-recommended
MVPA threshold [42]. Accelerometry devices cannot
capture domain-specific activities and can be logistically
challenging to implement in low-resource settings due
to higher time and resource requirements [43]. In addi-
tion, self-reported MVPA has moderate validity (r=0.52)
for measuring MVPA among adults in the UK com-
pared with accelerometer data [44]. Therefore, we used
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self-reported SB and PA to explore the complex associa-
tions of SB & PA and TyG-BMI with health outcomes.

Other covariates included age, sex, race, educa-
tion level, Townsend deprivation index, smoking sta-
tus, drinking status, parental history of CVD, prevalent
hypertension, prevalent hyperlipidemia and prevalent
diabetes. Education level was classified into two cat-
egories: college or university degree, and others (includ-
ing A levels/AS levels or equivalent, O levels/GCSEs or
equivalent, CSEs or equivalent, NVQ or HND or HNC or
equivalent, other professional qualifications). Townsend
deprivation index was a score corresponding to the post-
code of home dwelling based on the preceding national
census data, and a negative value represented high socio-
economic status [45]. Smoking statuses were classified as
current smoking or not. Drinking statuses were classi-
fied as moderate drinking and others. Moderate drinking
was defined as consuming<8 g per day for women and
<16 g per day for men, according to the dietary guide-
lines in the United Kingdom [46]. Systolic blood pressure
and diastolic blood pressure were measured by using the
Omron HEM-7015IT digital BP monitor or a manual
sphygmomanometer. The diagnosis of prevalent hyper-
tension (ICD-9 codes 401-405; ICD-10 codes 110-113,
115, O10), prevalent hyperlipidemia (ICD-9 codes 272;
ICD-10 codes E78) and prevalent diabetes (ICD-9 codes
250.00, 250.10, 250.20, 250.90; ICD-10 codes E11) was
obtained through self-reported disease history, medica-
tion history and linked hospital admissions data.

Statistical analysis
All-cause mortality and MI were recorded and their inci-
dence rate per 1000 person-years was calculated based
on incidence and the total follow-up time. The Cox pro-
portional hazards model was used to estimate the hazard
ratio (HR) and 95% confidence interval (CI) of outcomes.
Proportional hazards assumptions were tested by using
likelihood ratio test comparing models with and without
time-dependent exposure, and we found no significant
deviation from the assumption. Testing for linear trends
was done by assigning a median value to each group
as a continuous variable. Additionally, the restricted
cubic spline regression model was used to explore the
dose-response association of TyG-BMI index with out-
comes. We also classified participants into four groups
by SB (<6 h/d and > 6 h/d) and MVPA (<150 min/wk and
>150 min/wk) to investigate associations of SB & MVPA
with all-cause mortality and ML

Furthermore, we conducted a stratified analysis by SB
& MVPA groups to explore the associations of TyG-BMI
index with all-cause mortality and MI. A product term of
SB & MVPA (four groups) and TyG-BMI index (tertiles)
was additionally included in the multivariable-adjusted
model to assess the multiplicative interaction. The HR
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(95% CI) of the product term was the measure of interac-
tion on the multiplicative scale. To assess the joint asso-
ciations, we conjointly classified participants into twelve
new groups by SB & MVPA (four groups) and TyG-BMI
index (tertiles).

To test the robustness and potential variations in vari-
ous subgroups, we repeated interaction and joint analy-
ses stratified by age (<65 and >65), sex (male and female),
race (white and non-white) and education level (college
or university degree, and others).

We conducted two sensitivity analyses. First, we
excluded participants who had outcomes within the first
two years of follow-up to reduce potential reverse cau-
sation. Second, we used multiple imputation to impute
all missing covariates to test the influence of missing
variables.

All analyses were performed using R statistical software
version 4.3.2. A two-sided test with P<0.05 was consid-
ered statistically significant.

Results

Baseline characteristics

Baseline characteristics of study participants according
to the tertiles of TyG-BMI index were shown in Table 1.
Among the 297 761 participants, 161 567(54.3%) were
females, the mean (SD) age at baseline was 56.0 (8.0)
years, the mean (SD) BMI at baseline was 27.2 (4.6) kg/
m?, and the mean (SD) TyG-BMI index was 237.1 (48.4).
The participants with higher TyG-BMI index were more
likely to be males, less educated, most deprived, cur-
rent smokers, moderate drinkers, and they were more
likely to have more SB, less PA, parental history of CVD,
prevalent hypertension, prevalent hyperlipidemia and
prevalent diabetes. The baseline characteristics of study
participants according to SB & PA groups were displayed
in Supplemental Table 1. The participants with more
SB and less PA were more likely to have a higher TyG-
BMI index. The baseline characteristics of participants
excluded and included in the analysis were displayed in
Supplemental Table 2. The participants excluded were
more likely to be older, female, less educated, most
deprived, and they were more likely to have more SB, less
PA and higher TyG-BMI. The baseline characteristics of
study participants according to study outcomes were dis-
played in Supplemental Tables 3 and 4-.

Independent association of TyG-BMI index or SB & MVPA
with all-cause mortality and MI

Independent associations of TyG-BMI index with all-
cause mortality and MI were shown in Table 2. During
a median follow-up time of 13.8 years (mean 13.5 years,
range 0.01-16.03 years, 4 029 301 person-years), 21 335
deaths were recorded. The mortality rates in TyG-BMI
tertile 1 to 3 were 4.18(4.07—-4.29), 5.13(5.01-5.25) and
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Table 1 Baseline characteristics of participants according to TyG-BMI index tertiles

Variables TyG-BMl tertile 1 TyG-BMl tertile 2 TyG-BMl tertile 3 Total Pvalue
(£212.22) (212.22-251.15) (>251.15)

Number 99,254 99,253 99,254 297,761 <0.001

Age (yrs) 54.8(8.2) 56.7(8.0) 56.5(7.8) 56.0(8.0) <0.001

Sex (%) <0.001

Male 31,902(32.1) 50,867(51.2) 53,425(53.8) 136,194(45.7)

Female 67,352(67.9) 48,386(48.8) 45,829(46.2) 161,567(54.3)

Race (%) <0.001

White 95,381(96.1) 95,111(95.8) 95,076(95.8) 285,568(95.9)

Black 814(0.8) 1046(1.1) 1305(1.3) 3165(1.1)

Asian 1786(1.8) 1973(2 0) 1643(1.7) 5402(1.8)

Other 1273(1.3) 1123(1.1) 1230(1.2) 3626(1.2)

Educational level (%) <0.001

College or university degree 57,122(57.6) 50,346(50.7) 44,962(45.3) 152,430(51.2)

Others 42,132(42.4) 48,907(49.3) 54,292(54.7) 145,331(48.8)

Townsend deprivation index (%) <0.001

Most deprived 79(16.3) 15478(156) 19,716(19.9) 51,373(17.3)

Intermediate deprived 60 711(61.2) 61,252(61.7) 60,189(60.6) 182,152(61.2)

Least deprived 22,364(22.5) 22,523(22.7) 19,349(19.5) 64,236(21.6)

BMI (kg/mz) 22.9(1.9) 26.6(1.6) 32.0(4.0) 27.2(4.6) <0.001

SBP (mmHg) 131.6(18.4) 138.6(18.0) 142.2(17.5) 137.5(18.5) <0.001

DBP (mmHg) 784(9.6) 82.7(9.6) 86.0(9.6) 82.4(10.1) <0.001

Current smoking (%) 0.021

No 89,816(90.5) 89,683(90.4) 89,455(90.1) 268,954(90.3)

Yes 9438(9.5) 9570(9.6) 9799(9.9) 28,807(9.7)

Moderate drinking (%) <0.001

No 61,292(61.8) 59,322(59.8) 53,411(53.8) 174,025(58.4)

Yes 37,962(38.2) 39,931(40.2) 45,843(46.2) 123,736(41.6)

Sedentary behavior (%) <0.001

<6 h/d 81,428(82.0) 71,499(72.0) 60,793(61.2) 213,720(71.8)

>6 h/d 17,826(18.0) 27,754(28.0) 38,461(38.8) 84,041(28.2)

Physical activity (%) <0.001

<150 min/wk MVPA 31,542(31.8) 35,091(35.4) 43,488(43.8) 110,121(37.0)

>150 min/wk MVPA 67,712(68.2) 64,162(64.6) 55,766(56.2) 187,640(63.0)

Parental history of CVD (%) <0.001

No 45,176(45.5) 42,528(42.8) 40,356(40.7) 128,060(43.0)

Yes 54,078(54.5) 56,725(57.2) 58,898(59.3) 169,701(57.0)

Prevalent Hypertension (%) <0.001

No 63,930(64.4) 46,052(46.4) 30,941(31.2) 140,923(47.3)

Yes 35,324(35.6) 53,201(53.6) 68,313(68.8) 156,838(52.7)

Prevalent Hyperlipidemia (%) <0.001

No 92,184(92.9) 85,352(86.0) 77,158(77.7) 254,694(85.5)

Yes 7070(7.1) 13,901(14.0) 22,096(22.3) 43,067(14.5)

Prevalent Diabetes (%) <0.001

No 98,393(99.1) 96,818(97.5) 89,759(90.4) 284,970(95.7)

Yes 861(0.9) 2435(2.5) 9495(9.6) 12,791(4.3)

HDL-C (mmol/L) 1.7(0.4) 1.4(0.3) 1.3(0.3) 1.5(0.4) <0.001

LDL-C (mmol/L) 3.4(0.8) 3.7(0.8) 0.9 3.6(0.9) <0.001

TG (mmol/L) 1.1(0.5) 1.7(0.7) 24(1.2) 1.7(1.0) <0.001

FPG (mmol/L) 4.8(0.7) 5.0(0.9) (1.6) 5101.2) <0.001
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Table 1 (continued)

Variables TyG-BMl tertile 1 TyG-BMl tertile 2 TyG-BMl tertile 3 Total Pvalue
(£212.22) (212.22-251.15) (>251.15)

HbA1c (mmol/mol) 34.2(4.1) 35.1(4.9) 37.6(8.2) 35.7(6.1) <0.001

TyG-BMI 189.2(16.4) 231.0011.1) 291.0(37.4) 237.1(484) <0.001

BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MVPA, moderate to vigorous intensity physical activity; SBP, systolic blood pressure; TG,
triglycerides; TyG-BM|, triglyceride glucose-body mass index

The differences among groups were analyzed using the Chi-squared test for categorical variables, expressed as absolute frequency (%). For continuous variables,
one-way analysis of variance or Kruskal-Wallis test was used to analyze the differences among groups, expressed as mean (standard deviation)

Table 2 Independent association of TyG-BMI index with all-cause mortality and M|

All-cause mortality Mi
Incidence/ Incidence Unadjusted  Adjusted HR  Incidence/ Incidence Unadjusted  Adjusted
person-years rate/1000 HR (95% Cl) (95% ClI) person-years rate/1000 HR (95% Cl) HR (95% Cl)
person-year person-year
(95% Cl) (95% Cl)
TyG-BMI 21,335/4,029,301 529(5.22-537) 122 1.07 9116/3,847,527 237 (2.32-242) 137 1.20
(per SD) (1.20-1.23) (1.06-1.09) (1.35-1.40) (1.18-1.23)
TyG-BMI (tertiles)
Q1 5648/1,350,625 418 (4.07-4.29) 1.00 1.00 1716/1,307,185 131(1.25-1.38) 1.00 1.00
(Reference) (Reference) (Reference) (Reference)
Q2 6888/1,343,491 5.13(5.01-5.25) 1.23 0.92 3100/1,283,011 242(2.33-250) 1.85 1.29
(1.19-1.27) (0.89-0.95) (1.74-1.96) (1.21-1.37)
Q3 8799/1,335,184 6.59 (645-6.73) 1.58 1.07 4300/1,257,332  342(332-352) 262 1.59
(1.53-1.64) (1.03-1.11) (248-2.77) (1.50-1.69)
Ptrend<0.001 Ptrend<0.001 Ptrend<0.001 P
trend <0.001

Cl, confidence interval; HR, hazard ratio; MI, myocardial infarction; SD, standard deviation; TyG-BMI, triglyceride glucose-body mass index

The multivariable-adjusted model was adjusted for age, sex, race, education level, Townsend deprivation index, sedentary behavior, physical activity, smoking
status, drinking status, parental history of cardiovascular disease, prevalent hypertension, prevalent hyperlipidemia and prevalent diabetes

The SD of TyG-BMl is 48.41

6.59(6.45-6.73) per 1000 person-years, respectively. Dur-
ing a median follow-up time of 13.6 years (mean 12.9
years, range 0.003—-15.87 years, 3 847 527 person-years),
9 116 MIs were recorded. The incidence rates of MI in
TyG-BMI tertile 1 to 3 were 1.31(1.25-1.38), 2.42(2.33—
2.50) and 3.42(3.32-3.52) per 1000 person-years,
respectively. Each additional SD of TyG-BMI index was
associated with 7% higher risk of all-cause mortality (HR,
1.07; 95%CI, 1.06—1.09) and 20% higher risk of MI (HR,
1.20; 95%CI, 1.18-1.23). Compared with TyG-BMI tertile
1, tertile 3 was associated with a higher risk of all-cause
mortality (HR, 1.07; 95%CI, 1.03-1.11), whereas ter-
tile 2 was associated with a lower risk (HR, 0.92; 95%ClI,
0.89-0.95). For MI, higher TyG-BMI tertiles were asso-
ciated with increased risks. The HRs(95% ClIs) for tertile
2 and tertile 3 were 1.29(1.21-1.37) and 1.59(1.50-1.69),
respectively (P for trend <0.05) (Table 2). The multivari-
able restricted cubic spline regression model revealed a
U-shaped dose-response relationship between TyG-BMI
index and all-cause mortality, with a cut-off point at
225.09, whereas a positive nonlinear association with MI
was observed, with a cut-off point at 266.87 (all overall
P<0.001, all nonlinear P<0.001) (Fig. 2).

Independent associations of SB & MVPA with risks
of all-cause mortality and MI were shown in Table 3.
The mortality rates were 4.66(4.56—4.76) per 1000 per-
son-years in <6 h/d SB & >150 min/wk MVPA group,
5.12(4.98-5.26) in <6 h/d SB & <150 min/wk MVPA
group, 5.85(5.67-6.04) in 26 h/d SB & =150 min/
wk MVPA group and 8.43(8.17,8.70) in 26 h/d SB &
<150 min/wk MVPA group. The incidence rates of MI
in four groups were 2.06(1.99-2.12), 2.09(2.00-2.18),
2.94(2.81-3.08) and 3.46(3.29-3.64) per 1000 per-
son-years, respectively. Compared with <6 h/d SB &
>150 min/wk MVPA, the remaining three groups were
associated with higher risks of all-cause mortality and
MI, and the highest risks of all-cause mortality (HR, 1.34;
95%CI, 1.28-1.39) and MI (HR, 1.29; 95%CI, 1.22-1.38)
were both observed in >6 h/d SB & <150 min/wk MVPA

group.

Interaction between SB & MVPA and TyG-BMI index on all-
cause mortality and MI

Compared to TyG-BMI tertile 2, both TyG-BMI tertile 1
and TyG-BMI tertile 3 were associated with higher risk
of all-cause mortality among participants of various SB &
MVPA groups. Furthermore, the association was stronger
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Fig. 2 MI, myocardial infarction; TyG-BM|, triglyceride glucose-body mass index. Each hazard ratio was computed with a TyG-BMI index level of A 225.09
and B 266.87 as the reference. The multivariable-adjusted model was adjusted for age, sex, race, education level, Townsend deprivation index, sedentary
behavior, physical activity, smoking status, drinking status, parental history of cardiovascular disease, prevalent hypertension, prevalent hyperlipidemia
and prevalent diabetes. The solid line and red area represent the estimated values and their corresponding 95% Cls, respectively

Table 3 Independent association of SB & MVPA with all-cause mortality and Ml

All-cause mortality Mi
Incidence/ Incidence Unadjusted Adjusted Incidence/ Incidence Unadjusted Adjusted
person-years rate/1000 HR (95% CI) HR (95% Cl) person-years rate/1000 HR (95% ClI) HR (95%
person-year person-year Cl)
(95% CI) (95% Cl)
<6h/dSB& 8748/1,876,712  4.66 1.00 (Reference) 1.00 (Reference) 3701/1,799,173 2.06 1.00 (Reference) 1.00 (Ref-
>150 min/wk (4.56-4.76) (1.99-2.12) erence)
MVPA
<6h/dSB& 5247/1,025608 5.12 1.10(1.06-1.13)  1.16(1.12-1.20) 2054/982,187 2.09(2.00-2.18) 1.02 (0.96-1.07) 1.05
<150 min/wk (4.98-5.26) (1.00-
MVPA .11
>6h/d SB & 3894/665,164 5.85 126 (1.22-1.31) 1.06(1.02-1.10) 1855/630,722 294 144 (136-152) 1.11
>150 min/wk (5.67-6.04) (2.81-3.08) (1.05-
MVPA 1.17)
>6h/d SB & 3446/461,818 843 1.61(1.55-1.68) 1.34(1.28-1.39) 1506/435,445 346 1.69(1.59-1.79) 1.29
<150 min/wk (8.17-8.70) (3.29-3.64) (1.22-
MVPA 1.38)

Cl, confidence interval; HR, hazard ratio; MI, myocardial infarction; MVPA, moderate to vigorous intensity physical activity; SB, sedentary behavior

The multivariable-adjusted model was adjusted for age, sex, race, education level, Townsend deprivation index, smoking status, drinking status, parental history of
cardiovascular disease, prevalent hypertension, prevalent hyperlipidemia and prevalent diabetes

among those with TyG-BMI tertile 1 and 26 h/d SB &
<150 min/wk MVPA (Fig. 3). The HRs(95%Cls) for those
with TyG-BMI tertile 1 were 1.03(0.98—1.08) in <6 h/d SB
& 2150 min/wk MVPA group, 1.12(1.04-1.20) in <6 h/d
SB & <150 min/wk MVPA group, 1.10(1.01-1.21) in
>6 h/d SB & >150 min/wk MVPA group, and 1.32(1.18-
1.46) in 26 h/d SB & <150 min/wk MVPA group (HR
for interaction, 1.31; 95%CI, 1.16-1.47; P for interac-
tion <0.001) (Fig. 3 and Supplemental Table 5). How-
ever, the associations of TyG-BMI tertile 3 with all-cause
mortality were not substantially different among par-
ticipants of various SB & MVPA groups, with HRs(95%
CIs) of 1.16(1.10-1.22), 1.18(1.10-1.26), 1.17(1.09-1.26),
and 1.16(1.07-1.26), respectively (all P for interaction
>0.05) (Fig. 3 and Supplemental Table 5). Compared to

TyG-BMI tertile 1, both TyG-BMI tertile 2 and TyG-BMI
tertile 3 were associated with higher risk of MI among
individuals of various SB & MVPA groups, whereas the
associations were weaker among those in >6/d SB &
<150 min/wk MVPA group (Fig. 3). The HRs(95%Cls)
for those with TyG-BMI tertile 2 were 1.35(1.23-1.49),
1.25(1.10-1.42), 1.23(1.08-1.40), and 1.15(1.01-1.32),
respectively (HR for interaction in the =6 h/d SB &
<150 min/wk MVPA group, 0.80; 95%CI, 0.66-0.97; P
for interaction=0.024) (Fig. 3 and Supplemental Table
6). Similarly, the HRs(95%Cls) for those with TyG-
BMI tertile 3 were 1.69(1.54-1.85), 1.55(1.37-1.75),
1.57(1.38-1.77), and 1.26(1.09-1.44), respectively (HR
for interaction in the >6 h/d SB & <150 min/wk MVPA
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A All-cause mortality Unadjusted Adjusted Pfori BMI ji Adjusted P for it

<6h/d SB & 2150min/wk MVPA <6h/d SB & 2150min/wk MVPA

TyG-BMIQ 2 1.00 (Reference) 1.00 (Reference) TyGBMIQ 1 1.00 (Reference) 1.00 (Reference)

TyG-BMIQ 1 0.78 (0.74-0.82) 1.03 (0.98-1.08) o TyG-BMI Q2 1.92 (1.75-2.11) 1.35(1.23-1.49) —-—

TyG-BMIQ 3 1.24 (1.18-1.31) 1.16 (1.10-1.22) -— TyG-BMIQ 3 2.78 (2.54-3.03) 1.69 (1.54-1.85) ——
<6h/d SB & <150min/wk MVPA <6h/d SB & <150min/wk MVPA

TyG-BMI Q2 1.00 (Reference) 1.00 (Reference) TyG-BMIQ 1 1.00 (Reference) 1.00 (Reference)

TyG-BMIQ 1 0.84 (0.79-0.90) 1.12 (1.04-1.20) ——— 0.053 TyG-BMIQ 2 1.79 (1.59-2.03) 1.25(1.10-1.42) —— 0.449

TyG-BMIQ 3 1.26 (1.18-1.34) 1.18 (1.10-1.26) —-— 0.608 TyG-BMI Q3 2.49 (2.21-2.80) 1.55 (1.37-1.75) —— 0.410
26h/d SB & 2150min/wk MVPA 26h/d SB & 2150min/wk MVPA

TyG-BMIQ 2 1.00 (Reference) 1.00 (Reference) TyG-BMIQ 1 1.00 (Reference) 1.00 (Reference)

TyG-BMIQ 1 0.89 (0.82-0.98) 1.10 (1.01-1.21) f—-— 0.112 TyG-BMIQ 2 1.59 (1.40-1.80) 1.23 (1.08-1.40) —— 0.531

TyG-BMIQ3 1.26 (1.17-1.35) 1.17 (1.09-1.26) —-— 0.742 TyG-BMIQ3 2.15(1.91-2.42) 1.57 (1.38-1.77) —— 0.648
26h/d SB & <150min/wk MVPA 26h/d SB & <150min/wk MVPA

TyG-BMIQ 2 1.00 (Reference) 1.00 (Reference) TyG-BMIQ 1 1.00 (Reference) 1.00 (Reference)

TyG-BMIQ 1 1.08 (0.97-1.19) 1.32 (1.18-1.46) —— <0.001 TyG-BMIQ2 1.45 (1.27-1.65) 115 (1.01-1.32) p-—t 0.024

TyG-BMIQ 3 1.25 (1.16-1.35) 1.16 (1.07-1.26) —— 0.823 TyG-BMIQ 3 1.69 (1.49-1.93) 1.26 (1.09-1.44) —— 0.004

1 05 1 15 2
HR (95% CI) HR (95% CI)

Fig. 3 Cl, confidence interval; HR, hazard ratio; MI, myocardial infarction; MVPA, moderate to vigorous intensity physical activity; SB, sedentary behavior;
TyG-BM, triglyceride glucose-body mass index. The P value for interaction was obtained including the product term of TyG-BMI index (tertiles) and SB &
MVPA (four categories) in the multivariable-adjusted model. The multivariable-adjusted model was adjusted for age, sex, race, education level, Townsend
deprivation index, smoking status, drinking status, parental history of cardiovascular disease, prevalent hypertension, prevalent hyperlipidemia and preva-
lent diabetes. The reference group was set as TyG-BMI Q 2 for all-cause mortality and TyG-BMI Q 1 for Ml in each SB & MVPA group

RMI

All-cause mortality Unadjusted Adjusted Unadjusted Adjusted
<6h/d SB & 2150min/wk MVPA and Q 1 1.00 (Reference) 1.00 (Reference) <6h/d SB & 2150minwk MVPA and Q 1 1.00 (Reference) 1.00 (Reference)
<6h/d SB & 2150min/wk MVPA and Q 2 1.29 (1.23-1.36) 0.98 (0.93-1.03) a <6h/d SB & 2150min/wk MVPA and Q 2 1.91(1.75-2.08) 1.35 (1.24-1.47) —.—
<6h/d SB & >150min/wk MVPA and Q 3 1,60 (1.52-1.69) 1.13(1.07-1.19) - <6h/d SB & 2150min/wk MVPA and Q 3 264 (243287 1,67 (1.54-1.82) —.—
<6h/d SB & <150min/wk MVPA and Q 1 112 (1.05-1.19) 122 (1.15-1.30) —— <6h/d SB & <150min/wk MVPA and Q 1 1.00 (0.89-1.12) 1.07 (0.95-1.20) -
<6h/d SB & <150min/wk MVPA and Q 2 1.32 (1.25-1.41) 110 (1.03-1.16) - <6h/d SB & <150minfwk MVPA and Q 2 1.79 (1.62-1.97) 1.36 (1.23-1.50) —.—
<6h/d SB & <150min/wk MVPA and Q 3 1,67 (1.58-1.76) 129 (1.221.37) e <6h/d SB & <150miniwk MVPA and Q 3 247 (225:271) 1,68 (1.53-1.84) .
26h/d SB & 2150min/wk MVPA and Q 1 1.30 (1.20-1.41) 1.12(1.03-1.21) —a— 26h/d SB & 2150min/wk MVPA and Q 1 1.37 (1.19-1.58) 1.09 (0.94-1.25) -
26h/d SB & 2150min/wk MVPA and Q 2 1.46 (1.36-1.56) 1.00 (0.94-1.07) — 26h/d SB & 2150min/wk MVPA and Q 2 230 (2.07-2.55) 1.39 (1.25-1.54) ——
26h/d SB & >150miniwk MVPA and Q 3 1,84 (1.73-1.95) 1.18 (1.11-1.25) — 26h/d SB & 2150min/wk MVPA and Q 3 324 (2.96-3.55) 1.75 (1.60-1.92) ——
26h/d SB & <150min/wk MVPA and Q 1 1.90 (1.74-2.07) 1,65 (1.51-1.80) —a— 26h/d SB & <150min/wk MVPA and Q 1 1.84 (1.57-2.16) 1.49 (1.27-1.75) —
26h/d SB & <150min/wk MVPA and Q 2 1.76 (1.64-1.90) 1.23(1.15-1.33) —-— 26h/d SB & <150min/wk MVPA and Q 2 261(232-294) 161(1.43-1.81) ——
26h/d SB & <150min/wk MVPA and Q3 220 (2.08-2.33) 144 (1.36-1.53) —— 26h/d SB & <150min/wk MVPA and Q3 3.45(3.15:3.78) 1.91(1.74-2.10) ——
r T r T T 1
05 1 15 05 15 25
HR (95% CI) HR (95% CI)

Fig. 4 Cl, confidence interval; HR, hazard ratio; MI, myocardial infarction; MVPA, moderate to vigorous intensity physical activity; SB, sedentary behavior;
TyG-BM|, triglyceride glucose-body mass index. The multivariable-adjusted model was adjusted for age, sex, race, education level, Townsend deprivation
index, smoking status, drinking status, parental history of cardiovascular disease, prevalent hypertension, prevalent hyperlipidemia and prevalent diabetes

group, 0.77; 95%CI, 0.64—0.92; P for interaction = 0.004)
(Fig. 3 and Supplemental Table 6).

Joint associations of TyG-BMI and SB & MVPA with all-cause
mortality and Ml
Compared to the reference group (<6 h/d SB & 2150 min/
wk MVPA and TyG-BMI tertile 1), both TyG-BMI tertile
1 and TyG-BMI tertile 3 combined with SB & MVPA
were associated with elevated all-cause mortality risk,
regardless of SB & MVPA status (Fig. 4). The highest risk
of all-cause mortality was observed in individuals with
26 h/d SB & <150 min/wk MVPA and TyG-BMI tertile 1
(HR, 1.65; 95%CI, 1.51-1.80). Notably, when sufficient PA
was present (i.e., either <6 h/d SB & >150 min/wk MVPA,
or 26 h/d SB & >150 min/wk MVPA), the combination
with TyG-BMI tertile 2 showed no significant associa-
tion with all-cause mortality risk, with HRs(95%Cls) of
0.98(0.93-1.03) and 1.00(0.94—1.07), respectively.
Compared to the reference group, both TyG-BMI ter-
tile 2 and tertile 3 combined with SB & MVPA were asso-
ciated with elevated MI risk, regardless of SB & MVPA
status (Fig. 4). The highest risk of MI was observed

in individuals with =26 h/d SB & <150 min/wk MVPA
and TyG-BMI tertile 3 (HR, 1.91; 95%CI, 1.74-2.10).
When two healthy behaviors were present (<6 h/d SB &
>150 min/wk MVPA), the combination with TyG-BMI
tertile 2 or tertile 3 remained associated with elevated MI
risk, with HRs(95%ClIs) of 1.35(1.24—1.47) and 1.67(1.54—
1.82), respectively. When one of the two healthy behav-
iors was present (i.e., either <6 h/d SB & <150 min/wk
MVPA, or =26 h/d SB & =150 min/wk MVPA), the com-
bination with TyG-BMI tertile 1 showed no significant
association with MI risk, with HRs(95%ClIs) of 1.07(0.95—
1.20) and 1.09(0.94—1.25), respectively.

Subgroup analysis and sensitivity analysis

Associations of TyG-BMI with all-cause mortality and MI
in each SB & MVPA group were generally similar across
age (<65 and >65), sex (male and female), and education
level (college or university degree, and others) subgroups
(Supplemental Tables 7-8, 10-11, 16—17). However, the
associations of TyG-BMI with all-cause mortality across
various SB & MVPA groups were different between white
and non-white participants (Supplemental Table 13).
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Specifically, among non-white participants, TyG-BMI
tertile 1 was protectively associated with all-cause mor-
tality compared to tertile 2 in other three SB & MVPA
groups, but not in the <6 h/d SB & 2150 min/wk MVPA
group (Supplemental Table 13).

The joint associations of TyG-BMI and SB & MVPA
with all-cause mortality were stronger in female and
highly educated participants (P for interaction=0.005
and 0.028, respectively, in the >6 h/d SB & <150 min/wk
MVPA and TyG-BMI tertile 3 subgroup) (Supplemental
Tables 12 and 18). For MI, the joint associations of TyG-
BMI and SB & MVPA were stronger in younger adults
(most P for interaction <0.05), and in female (P for inter-
action=0.029 in the >6 h/d SB & <150 min/wk MVPA
and TyG-BMI tertile 3 subgroup) (Supplemental Tables 9
and 12).

The results remained similar after we excluded partici-
pants who had mortality or MI within the first two years
of follow-up or used multiple imputation to impute all
missing covariates (Supplemental Tables 19-28).

Discussion
In this cohort study, TyG-BMI index and the combina-
tion of SB and MVPA were independently and jointly
associated with risks of all-cause mortality and MI. The
relationship of TyG-BMI index with all-cause mortal-
ity was U-shaped with a cut-off point at 225.09, whereas
the relationship with MI was positive nonlinear with a
cut-off point at 266.87. A synergistic effect was observed
between TyG-BMI tertile 1 and 26 h/d SB & <150 min/
wk MVPA on all-cause mortality, whereas no significant
synergistic effect was observed on MI. Notably, whether
or not SB was reduced, promoting PA could offset the
deleterious association of TyG-BMI tertile 2 with all-
cause mortality, whereas SB reduction alone without PA
promotion failed to significantly attenuate that associa-
tion. Both reducing SB and promoting PA demonstrated
potential to counteract the deleterious effect of TyG-BMI
tertile 1 on ML

Our findings demonstrated a positive nonlinear rela-
tionship between TyG-BMI and MI risk with a cut-off
point at 266.87, which is similar to the results of previ-
ous studies [47-49]. However, the dose-response asso-
ciation between TyG-BMI and all-cause mortality risk
was U-shaped with a cut-off point at 225.09. Similar
U-shaped associations have been observed among dia-
betes patients [15, 50, 51], US adults with osteoarthritis
[52], critically ill patients with acute myocardial infarc-
tion [17] and patients with chronic kidney disease [53].
Notably, these cut-oftf points are inconsistent, suggest-
ing that optimal intervention thresholds may vary across
populations with distinct metabolic risk profiles. For
instance, the TyG-BMI threshold identified in this study
is lower than in the diabetic cohort [50], possibly because
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the baseline TyG-BMI is higher in diabetes resulting from
increased IR and adiposity burden [54].

Certain possible mechanisms may explain this
U-shaped association. On one hand, lower TyG-BMI
index (<225.09) may imply unstable state of cell mem-
branes, hypoglycemia and frailty-related comorbidi-
ties [55-59]. On the other hand, elevated TyG-BMI
(>225.09) may exacerbate mortality through inflamma-
tory responses, reactive oxidative stress, and IR-induced
metabolic dysregulation, including glucose intolerance,
dyslipidemia, and endothelial dysfunction [60—63]. In the
pathogenesis of MI, IR reflected by the TyG-BMI index
was confirmed as an important risk factor for coronary
artery disease and remains a crucial driver of atheroscle-
rosis [60—64].

Our findings also demonstrated that individuals with
long-term SB and insufficient PA exhibit significantly
elevated risks of all-cause mortality and MI. These find-
ings are consistent with prior studies, which demon-
strated that progressively longer sedentary durations and
reduced PA are associated with elevated risk of all-cause
mortality and CVD including MI [27-30]. Reducing
sedentary time without some PA may be insufficient for
reducing mortality risk [27]. Conversely, more PA effec-
tively attenuated the association of sedentary time with
mortality risk [26—30]. SB and PA may interact with met-
abolic pathways linked to the TyG-BMI index. For exam-
ple, individuals with SB were often accompanied by IR,
disordered glucose and lipids metabolism, and activated
inflammation [33, 65, 66]. Insufficient PA is also closely
associated with metabolic disorders, such as impaired
glucose metabolism and obesity [34, 35]. However, it
remains unclear whether the associations of TyG-BMI
index with all-cause mortality and MI differ across indi-
viduals in different SB & PA groups, and whether there is
a synergistic effect between TyG-BMI and the combina-
tion of SB and PA, highlighting a critical gap in under-
standing how modifiable behavioral and metabolic risk
factors interact to affect clinical outcomes.

Our study identified the highest all-cause mortality risk
in subjects with TyG-BMI tertile 1 and the combination
of long-term SB and insufficient PA. It is worth mention-
ing that there was a synergistic effect between TyG-BMI
tertile 1 and the combination of long-term SB and insuf-
ficient PA, which highlighted the necessity of improving
IR, particularly among individuals with long-term SB and
insufficient PA, who were more susceptible to the adverse
effect of TyG-BMI. Previous studies reported that poor
cardiorespiratory fitness exacerbates IR-related mortality
[67], while increased PA may mitigate these risks through
improvements in cardiorespiratory fitness [24, 68]. In
terms of MI, the highest risk was seen among individuals
of TyG-BMI tertile 3 combined with long-term SB and
insufficient PA, whereas no significant synergistic effect
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was observed. Surprisingly, the deleterious association of
elevated TyG-BMI index with MI appears to be weaker
among those with long-term SB and insufficient PA. This
counterintuitive finding should be validated by large-
scale randomized controlled trials in the future.

Furthermore, our study found that when sufficient PA
(=150 min/wk MVPA) was present, whether with >6 h/d
SB or not, the combination of SB and PA with TyG-BMI
tertile 2 showed no significant association with all-cause
mortality, whereas SB reduction alone without PA pro-
motion failed to significantly attenuate that association,
underscoring the potential of PA to counteract the del-
eterious effects of TyG-BMI tertile 2 on all-cause mor-
tality, in long-term sedentary populations. Additionally,
when one of the two healthy behaviors was present (i.e.,
either <6 h/d SB & <150 min/wk MVPA, or >6 h/d SB
& 2150 min/wk MVPA), its combination with TyG-BMI
tertile 1 showed no significant association with MI risk,
which indicated that either SB reduction or PA promo-
tion alone could offset the risk of MI among individuals
with TyG-BMI tertile 1. When engaging in both <6 h of
SB and meeting PA guidelines, those with tertile 2 and
tertile 3 of TyG-BMI still had a higher MI risk, suggesting
even with low SB and high PA, metabolic abnormalities
may still be important drivers of MI. TyG-BMI may be an
important clinical biomarker worthy of frequent moni-
toring. To sum up, in long-term sedentary populations,
PA promotion can effectively mitigate risks of all-cause
mortality and MI associated with TyG-BMI index.

In subgroup analyses, stronger joint associations were
observed in female, highly educated adults on all-cause
mortality, and in younger, female adults on MI. Estro-
gen’s role in modulating adiponectin and insulin sensi-
tivity may explain heightened metabolic vulnerability
among women [69]. Highly educated individuals are
more likely to engage in sedentary occupations, such as
white-collar jobs, which often lack opportunities for PA
in the workplace [70, 71]. This occupational environ-
ment may exacerbate the synergistic effects of TyG-BMI,
SB and PA, contributing to heightened health risks. The
joint association seemed to be stronger in younger than
in older adults. One potential reason might be that the
elderly are more likely to have multiple comorbidities and
be exposed to more risk factors for CVD, which to some
extent undermined the joint effects of TyG-BMI, SB and
PA on MI. However, these hypotheses require validation
in the future.

Major strengths of this study are the large sample size
from a well-established nationwide cohort in the UK,
which allowed us to perform the interaction and joint
analyses with sufficient statistical power. We also con-
ducted sensitivity analyses to show the robustness of
the findings. Importantly, our work highlights the need
to integrate metabolic and lifestyle profiling for risk
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stratification and targeted interventions, which is a novel
contribution. Limitations still existed in our study. First,
we could not capture the SB & PA trajectories as well as
TyG-BMI index changes, so the observed associations
might be attenuated due to nondifferential misclassifi-
cation bias. Future studies with repeated measurements
are preferred. Second, SB and PA were self-reported
and therefore likely prone to recall or social desirability
bias. Third, the number of participants and events might
be insufficient among the non-white subgroup and the
results should be cautiously interpreted. Finally, although
we adjusted for some potential confounding factors as
much as possible, residual confounding was still pos-
sible and causal inference cannot be made because of the
nature of observational studies.

Conclusions

Based on a large-scale prospective UK cohort, TyG-BMI
index and the combination of SB and PA were found to
be independently and jointly associated with risks of
all-cause mortality and MI. A synergistic effect between
TyG-BMI tertile 1 and long-term SB with insufficient
PA on all-cause mortality highlights the importance of
improving IR, particularly in individuals with long-term
SB and insufficient PA, who are more susceptible to the
adverse effects of TyG-BMI index. Meeting PA guidelines
(=150 min/wk of MVPA) effectively mitigated risks of all-
cause mortality and MI associated with TyG-BMI index
in long-term sedentary populations.

Abbreviations

BMI Body mass index

@ Confidence interval

CVvD Cardiovascular disease

FBG Fasting blood glucose

HR Hazard ratio

IR Insulin resistance

ICD-9 International statistical classification of disease, 9th revision

ICD-10 International statistical classification of disease, 10th revision
M Myocardial infarction

MVPA Moderate to vigorous intensity physical activity

PA Physical activity

SB Sedentary behavior

SD Standard deviation

TG Triglyceride

TYG Triglyceride-glucose

TyG-BMI  Triglyceride glucose-body mass index

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512933-025-02652-5.

[ Supplementary Material 1 J

Acknowledgements
We are grateful to the UK Biobank participants.


https://doi.org/10.1186/s12933-025-02652-5
https://doi.org/10.1186/s12933-025-02652-5

Zhu et al. Cardiovascular Diabetology (2025) 24:102

Author contributions

Study conception: LT and QMK; study design: YZ, TCY, LT and QMK; data
extraction and analyses: YZ and TCY; results presentation and interpretation:
YZ and QMK; manuscript drafting and revising: YZ, TCY, QMK and LT; The work
reported in the paper has been performed by the authors, unless clearly
specified in the text. All authors read and approved the final manuscript.

Funding
This work was not supported.

Data availability
The UK Biobank data are available directly from UK Biobank upon submission
of a data request proposal (www.ukbiobank.ac.uk/).

Declarations

Ethics approval and consent to participate

UK Biobank was approved by the North West Multi-Centre Research Ethical
Committee (REF: 11/NW/03820), and all participants provided written
informed consent for the study consent for publication.

Competing interests
The authors declare no competing interests.

Author details

‘Department of Geriatrics, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430022, Hubei,
China

’Department of Endocrinology, Yueyang Central Hospital, Yueyang, China
3Depar‘[ment of Pediatrics, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China
4Depar‘[ment of Pain, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, Hubei, China

Received: 18 December 2024 / Accepted: 17 February 2025
Published online: 01 March 2025

References

1. Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
2024 heart disease and stroke statistics: a report of US and global data from
the American heart association. Circulation. 2024;149(8):e347-913.

2. Weintraub WS, Daniels SR, Burke LE, Franklin BA, Goff DC Jr, Hayman LL, et
al. Value of primordial and primary prevention for cardiovascular disease:

a policy statement from the American heart association. Circulation.
2011;124(8):967-90.

3. YusufS, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable
risk factors, cardiovascular disease, and mortality in 155 722 individuals
from 21 high-income, middle-income, and low-income countries (PURE): a
prospective cohort study. Lancet. 2020;395(10226):795-808.

4. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect
of potentially modifiable risk factors associated with myocardial infarc-
tion in 52 countries (the INTERHEART study): case-control study. Lancet.
2004,364(9438):937-52.

5. Fadini GP, Ceolotto G, Pagnin E, de Kreutzenberg S, Avogaro A. At the cross-
roads of longevity and metabolism: the metabolic syndrome and lifespan
determinant pathways. Aging Cell. 2011;10(1):10-7.

6.  Sanchez-Garcia A, Rodriguez-Gutierrez R, Mancillas-Adame L, Gonzalez-Nava
V, Diaz Gonzalez-Colmenero A, Solis RC, et al. Diagnostic accuracy of the
triglyceride and glucose index for insulin resistance: a systematic review. Int J
Endocrinol. 2020,2020:4678526.

7. ErLK,Wu'S, Chou HH, Hsu LA, Teng MS, Sun YC, et al. Triglyceride glucose-
body mass index is a simple and clinically useful surrogate marker for insulin
resistance in nondiabetic individuals. PLoS ONE. 2016;11(3):0149731.

8. XueY,XuJ, LiM, GaoY. Potential screening indicators for early diagnosis of
NAFLD/MAFLD and liver fibrosis: triglyceride glucose index-related param-
eters. Front Endocrinol (Lausanne). 2022;13:951689.

9. ZhangY,Wang R, Fu X, Song H. Non-insulin-based insulin resistance indexes
in predicting severity for coronary artery disease. Diabetol Metab Syndr.
2022;14(1):191.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 11 of 12

Li X, Sun M,Yang Y, Yao N, Yan S, Wang L, et al. Predictive effect of triglyceride
Glucose-Related parameters, obesity indices, and lipid ratios for diabetes in a
Chinese population: A prospective cohort study. Front Endocrinol (Lausanne).
2022;13:862919.

LiY, GuiJ, Liu H, Guo LL, Li J, Lei Y, et al. Predicting metabolic syndrome

by obesity- and lipid-related indices in mid-aged and elderly Chinese:

a population-based cross-sectional study. Front Endocrinol (Lausanne).
2023;14:1201132.

Kuang M, Yang R, Huang X, Wang C, Sheng G, Xie G, et al. Assessing temporal
differences in the predictive power of baseline TyG-related parameters for
future diabetes: an analysis using time-dependent receiver operating charac-
teristics. J Transl Med. 2023;21(1):299.

Zou H, Ma X, Zhang F, Xie Y. Comparison of the diagnostic performance of
twelve noninvasive scores of metabolic dysfunction-associated fatty liver
disease. Lipids Health Dis. 2023;22(1):145.

Wang Z, He H, Xie Y, Li J, Luo F, Sun Z, et al. Non-insulin-based insulin resis-
tance indexes in predicting atrial fibrillation recurrence following ablation: a
retrospective study. Cardiovasc Diabetol. 2024,23(1):87.

Ding L, Fu B, Zhang H, Dai C, Zhang A, Yu F, et al. The impact of triglyceride
glucose-body mass index on all-cause and cardiovascular mortality in elderly
patients with diabetes mellitus: evidence from NHANES 2007-2016. BMC
Geriatr. 2024;24(1):356.

Chen Q Hu P, Hou X, Sun'Y, Jiao M, Peng L, et al. Association between
triglyceride-glucose related indices and mortality among individuals with
non-alcoholic fatty liver disease or metabolic dysfunction-associated stea-
totic liver disease. Cardiovasc Diabetol. 2024;23(1):232.

Luo C, LiQ Wang Z, Duan S, Ma Q. Association between triglyceride glucose-
body mass index and all-cause mortality in critically ill patients with acute
myocardial infarction: retrospective analysis of the MIMIC-IV database. Front
Nutr. 2024;11:1399969.

Rokicka D, Hudzik B, Wrobel M, Stoltny T, Stoltny D, Nowowiejska-Wiewiora A,
et al. The prognostic impact of insulin resistance surrogates in patients with
acute myocardial infarction with and without type 2 diabetes. Cardiovasc
Diabetol. 2024;23(1):147.

HuY, ZhaoY, Zhang J, Li C. The association between triglyceride glucose-
body mass index and all-cause mortality in critically ill patients with atrial
fibrillation: a retrospective study from MIMIC-IV database. Cardiovasc Diabe-
tol. 2024;23(1):64.

Dou J, Guo C,Wang Y, Peng Z, Wu R, Li Q et al. Association between triglyc-
eride glucose-body mass and one-year all-cause mortality of patients with
heart failure: a retrospective study utilizing the MIMIC-IV database. Cardiovasc
Diabetol. 2023;22(1):309.

Young DR, Hivert MF, Alhassan S, Camhi SM, Ferguson JF, Katzmarzyk

PT, et al. Sedentary behavior and cardiovascular morbidity and mortal-

ity: a science advisory from the American heart association. Circulation.
2016;134(13):2262-79.

Lavie CJ, Arena R, Swift DL, Johannsen NM, Sui X, Lee DC, et al. Exercise and
the cardiovascular system: clinical science and cardiovascular outcomes. Circ
Res. 2015;117(2):207-19.

Hansen BH, Kolle E, Dyrstad SM, Holme |, Anderssen SA. Accelerometer-
determined physical activity in adults and older people. Med Sci Sports Exerc.
2012,44(2):266-72.

Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary behavior,
exercise, and cardiovascular health. Circ Res. 2019;124(5):799-815.

Fletcher GF, Landolfo C, Niebauer J, Ozemek C, Arena R, Lavie CJ. Promot-

ing physical activity and exercise: JACC health promotion series. J Am Coll
Cardiol. 2018,;72(14):1622-39.

Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW,
et al. Dose-response associations between accelerometry measured physical
activity and sedentary time and all cause mortality: systematic review and
harmonised meta-analysis. BMJ. 2019;366:14570.

Stamatakis E, Gale J, Bauman A, Ekelund U, Hamer M, Ding D. Sitting

time, physical activity, and risk of mortality in adults. J Am Coll Cardiol.
2019;73(16):2062-72.

Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N,

Powell KE, et al. Does physical activity attenuate, or even eliminate, the
detrimental association of sitting time with mortality? A harmonised
meta-analysis of data from more than 1 million men and women. Lancet.
2016;388(10051):1302-10.

Ekelund U, Tarp J, Fagerland MW, Johannessen JS, Hansen BH, Jefferis B,

et al. Joint associations of accelero-meter measured physical activity and
sedentary time with all-cause mortality: a harmonised meta-analysis in



Zhu et al. Cardiovascular Diabetology

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2025) 24:102

more than 44 000 middle-aged and older individuals. Br J Sports Med.
2020,54(24):1499-506.

Ajufo E, Kany S, Ramo JT, Churchill TW, Guseh JS, Aragam KG et al. Accelerom-
eter-measured sedentary behavior and risk of future cardiovascular disease. J
Am Coll Cardiol. 2024.

Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary
time and its association with risk for disease incidence, mortality, and hospi-
talization in adults: a systematic review and meta-analysis. Ann Intern Med.
2015;162(2):123-32.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of
physical inactivity on major non-communicable diseases worldwide: an anal-
ysis of burden of disease and life expectancy. Lancet. 2012,380(9838):219-29.
Pinto AJ, Bergouignan A, Dempsey PC, Roschel H, Owen N, Gualano B, et al.
Physiology of sedentary behavior. Physiol Rev. 2023;103(4):2561-622.

Kallio P, Pahkala K, Heinonen OJ, Tammelin T, Hirvensalo M, Telama R, et al.
Physical inactivity from youth to adulthood and risk of impaired glucose
metabolism. Med Sci Sports Exerc. 2018;50(6):1192-8.

Hruby A, Manson JE, Qi L, Malik VS, Rimm EB, Sun Q, et al. Determinants and
consequences of obesity. Am J Public Health. 2016;106(9):1656-62.

Elliott P, Peakman TC, Biobank UK. The UK biobank sample handling and
storage protocol for the collection, processing and archiving of human blood
and urine. Int J Epidemiol. 2008;37(2):234-44.

Collins R. What makes UK biobank special? Lancet. 2012;379(9822):1173-4.
Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK biobank:
an open access resource for identifying the causes of a wide range of com-
plex diseases of middle and old age. PLoS Med. 2015;12(3):¢1001779.
Biobank UK. Definitions of acute myocardial infarction and main myocardial
infarction pathological yypes: UK Biobank phase 1 outcomes adjudication.
2017. https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/alg_outcome
_mi.pdf. Accessed 13 Sep 2024.

Pazoki R, Dehghan A, Evangelou E, Warren H, Gao H, Caulfield M, et al.
Genetic predisposition to high blood pressure and lifestyle factors: associa-
tions with midlife blood pressure levels and cardiovascular events. Circula-
tion. 2018;137(7):653-61.

Patterson R, McNamara E, Tainio M, de Sa TH, Smith AD, Sharp SJ, et al. Sed-
entary behaviour and risk of all-cause, cardiovascular and cancer mortality,
and incident type 2 diabetes: a systematic review and dose response meta-
analysis. Eur J Epidemiol. 2018;33(9):811-29.

Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. The
physical activity guidelines for Americans. JAMA. 2018;320(19):2020-8.
DiPietro L, Al-Ansari SS, Biddle SJH, Borodulin K, Bull FC, Buman MP, et al.
Advancing the global physical activity agenda: recommendations for future
research by the 2020 WHO physical activity and sedentary behavior guide-
lines development group. Int J Behav Nutr Phys Act. 2020;17(1):143.

Cleland C, Ferguson S, Ellis G, Hunter RF. Validity of the international physical
activity questionnaire (IPAQ) for assessing moderate-to-vigorous physical
activity and sedentary behaviour of older adults in the united Kingdom. BMC
Med Res Methodol. 2018;18(1):176.

Tyrrell J, Jones SE, Beaumont R, Astley CM, Lovell R, Yaghootkar H, et al.
Height, body mass index, and socioeconomic status: Mendelian randomisa-
tion study in UK biobank. BMJ. 2016;352:i582.

Zhang YB, Chen C, Pan XF, Guo J, Li Y, Franco OH, et al. Associations of healthy
lifestyle and socioeconomic status with mortality and incident cardiovascular
disease: two prospective cohort studies. BMJ. 2021,373:n604.

Dang K, Wang X, Hu J, Zhang Y, Cheng L, Qi X, et al. The association between
triglyceride-glucose index and its combination with obesity indicators

and cardiovascular disease: NHANES 2003-2018. Cardiovasc Diabetol.
2024,23(1)8.

Xia X, Chen S, Tian X, Xu Q, Zhang Y, Zhang X, et al. Association of triglyceride-
glucose index and its related parameters with atherosclerotic cardiovascular
disease: evidence from a 15-year follow-up of Kailuan cohort. Cardiovasc
Diabetol. 2024,23(1):208.

Zhou J, Huang H, Huang H, Peng J, Chen W, Chen F et al. Association of
triglyceride-glucose index and its combination with adiposity-related indices
with the incidence of myocardial infarction: a cohort study from the UK
biobank. Int J Obes (Lond). 2024.

Xiao S, Zhang Q, Yang HY, Tong JY, Yang RQ. The association between triglyc-
eride glucose-body mass index and all-cause and cardiovascular mortality

in diabetes patients: a retrospective study from NHANES database. Sci Rep.
2024;14(1):13884.

51.

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Page 12 of 12

Liu C, Liang D, Xiao K, Xie L. Association between the triglyceride-glucose
index and all-cause and CVD mortality in the young population with diabe-
tes. Cardiovasc Diabetol. 2024;23(1):171.

Wang W, Zhou F, Li Y, Liu Y, Sun H, Lv Q, et al. U-shaped association between
triglyceride glucose-body mass index with all-cause and cardiovascular
mortality in US adults with osteoarthritis: evidence from NHANES 1999-2020.
Sci Rep. 2024;14(1):19959.

ChenT, Wan H, LuoY, Chen L. Association of triglyceride-glucose-body mass
index with all-cause and cardiovascular mortality among individuals with
chronic kidney disease. Sci Rep. 2024;14(1):20593.

Taylor R. Type 2 diabetes: etiology and reversibility. Diabetes Care.
2013,;36(4):1047-55.

International Hypoglycaemia Study G. Hypoglycaemia, cardiovascular
disease, and mortality in diabetes: epidemiology, pathogenesis, and manage-
ment. Lancet Diabetes Endocrinol. 2019;7(5):385-96.

Listenberger LL, Han X, Lewis SE, Cases S, Farese RV Jr, Ory DS, et al. Triglyc-
eride accumulation protects against fatty acid-induced lipotoxicity. Proc Natl
Acad Sci USA. 2003;100(6):3077-82.

Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-Horvat P, Liu CY, et

al. Abdominal visceral and subcutaneous adipose tissue compartments: asso-
ciation with metabolic risk factors in the Framingham heart study. Circulation.
2007;116(1):39-48.

Jahangir E, De Schutter A, Lavie CJ. Low weight and overweightness in older
adults: risk and clinical management. Prog Cardiovasc Dis. 2014;57(2):127-33.
Bullock AF, Greenley SL, McKenzie GAG, Paton LW, Johnson MJ. Relationship
between markers of malnutrition and clinical outcomes in older adults with
cancer: systematic review, narrative synthesis and meta-analysis. Eur J Clin
Nutr. 2020;74(11):1519-35.

Sandesara PB, Virani SS, Fazio S, Shapiro MD. The forgotten lipids: triglycerides,
remnant cholesterol, and atherosclerotic cardiovascular disease risk. Endocr
Rev. 2019;40(2):537-57.

da Silva AA, do Carmo JM, Li X, Wang Z, Mouton AJ, Hall JE. Role of hyperinsu-
linemia and insulin resistance in hypertension: metabolic syndrome revisited.
Can J Cardiol. 2020;36(5):671-82.

Powell-Wiley TM, Poirier P, Burke LE, Despres JP, Gordon-Larsen P, Lavie CJ, et
al. Obesity and cardiovascular disease: a scientific statement from the Ameri-
can heart association. Circulation. 2021;143(21):e984-1010.

Di Pino A, DeFronzo RA. Insulin resistance and atherosclerosis: implications
for insulin-sensitizing agents. Endocr Rev. 2019;40(6):1447-67.

Eddy D, Schlessinger L, Kahn R, Peskin B, Schiebinger R. Relationship of insulin
resistance and related metabolic variables to coronary artery disease: a
mathematical analysis. Diabetes Care. 2009;32(2):361-6.

Diaz KM, Goldsmith J, Greenlee H, Strizich G, Qi Q, Mossavar-Rahmani Y, et

al. Prolonged, uninterrupted sedentary behavior and glycemic biomarkers
among US Hispanic/Latino adults: the HCHS/SOL (Hispanic community
health study/study of Latinos). Circulation. 2017;136(15):1362-73.

Bankoski A, Harris TB, McClain JJ, Brychta RJ, Caserotti P, Chen KY, et al. Sed-
entary activity associated with metabolic syndrome independent of physical
activity. Diabetes Care. 2011;34(2):497-503.

Thompson AM, Church TS, Janssen |, Katzmarzyk PT, Earnest CP, Blair SN.
Cardiorespiratory fitness as a predictor of cancer mortality among men with
pre-diabetes and diabetes. Diabetes Care. 2008;31(4):764-9.

Harber MP, Kaminsky LA, Arena R, Blair SN, Franklin BA, Myers J, et al. Impact
of cardiorespiratory fitness on all-cause and disease-specific mortality:
advances since 2009. Prog Cardiovasc Dis. 2017;60(1):11-20.

Chang E, Varghese M, Singer K. Gender and sex differences in adipose tissue.
Curr Diabetes Rep. 2018;18(9):69.

Vandelanotte C, Duncan MJ, Short C, Rockloff M, Ronan K, Happell B, et al.
Associations between occupational indicators and total, work-based and
leisure-time sitting: a cross-sectional study. BMC Public Health. 2013;13:1110.
De Cocker K, Duncan MJ, Short C, van Uffelen JG, Vandelanotte C. Under-
standing occupational sitting: prevalence, correlates and moderating effects
in Australian employees. Prev Med. 2014,67:288-94.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/alg_outcome_mi.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/alg_outcome_mi.pdf

	﻿Associations of triglyceride glucose-body mass index and the combination of sedentary behavior and physical activity with risks of all-cause mortality and myocardial infarction: a cohort study from the UK biobank
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Outcome variable
	﻿Exposure variable and covariates
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Independent association of TyG-BMI index or SB & MVPA with all-cause mortality and MI
	﻿Interaction between SB & MVPA and TyG-BMI index on all-cause mortality and MI
	﻿Joint associations of TyG-BMI and SB & MVPA with all-cause mortality and MI
	﻿Subgroup analysis and sensitivity analysis

	﻿Discussion
	﻿Conclusions
	﻿References


