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Summary
Background Insulin resistance (IR) is an important risk factor for multiple chronic diseases, increasing mortality and
reducing life expectancy. The associations between emerging surrogates for IR, triglyceride-glucose index (TyG) and
TyG-related indicators, with all-cause mortality and life expectancy in middle-aged and older patients in primary care
are unclear.

Methods This study originated from the Polish primary care cohort LIPIDOGRAM2015, including patients aged ≥45
years. Baseline fasting triglycerides and fasting glucose were used to derive TyG. Other TyG-related indicators
included TyG-adjusted body mass index (TyG-BMI), TyG-adjusted waist circumference (TyG-WC), TyG-adjusted
waist-to-hip, and TyG-adjusted waist-to-height. In this longitudinal analysis, we assessed associations between
TyG-related indicators with total all-cause mortality, premature (age at death ≤75 years) all-cause mortality and
years of life lost (YLL).
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Findings We included 10,688 patients (mean age 61.8 ± 9.3 years; 63.5% female). Cumulative total and premature all-
cause mortality were 7.2% and 4.6%, respectively, during 5.7 years (IQR 5.6–5.7) of follow-up. Lowest (Q1) and
highest quartile (Q4) of TyG-BMI and TyG-WC were associated with total all-cause mortality (second quartile [Q2]:
reference; TyG-BMI: Q1: aHR 1.33, 95% CI 1.07–1.65, Q4: aHR 1.28, 95% CI 1.03–1.58; TyG-WC: Q1: aHR 1.44,
95% CI 1.14–1.82, Q4: aHR 1.29, 95% CI 1.04–1.59), similar results for premature all-cause mortality. Within age
45–80 years, compared with Q2 and third quartile, YLL were 4.49 and 5.46 years for TyG-BMI Q1 and Q4,
respectively, 3.24 and 5.31 years for TyG-WC Q1 and Q4, respectively.

Interpretation TyG-BMI and TyG-WC demonstrated a U-shaped association with total and premature all-cause
mortality. Low and high levels of TyG-BMI and TyG-WC were associated with reduced life expectancy. Despite the
relatively short follow-up period, significant associations were still observed, but longer follow-up studies are
required to further explore these relationships.

Funding Polish Lipid Association, College of Family Physician in Poland, Valeant in Poland.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Chronic non-communicable diseases (NCDs) are char-
acterised by slow progression and long duration of
illness,1 and have become the leading cause of death and
disability globally,2 imposing a heavy human, social, and
economic burden.3,4 NCDs are common in the middle-
aged and older population and have a greater impact on
the health and quality of life of these age groups.5 The
continuous, comprehensive, and coordinated nature of
primary care is consistent with the need for the man-
agement of patients with chronic diseases.6 Effective
primary care has been associated with better health out-
comes and more sustainable costs.7 Therefore, exploring
cost-effective and reliable risk markers of mortality in the
middle-aged and older populations in primary care is
imperative to reduce the burden of mortality associated
with NCDs and increase life expectancy.

Insulin resistance (IR) is considered to be an
important predictor of a variety of chronic metabolic
diseases, such as type 2 diabetes,8 obesity,9 and cardio-
vascular diseases.10,11 Previous studies have shown that
IR is associated with mortality risk in the older popu-
lation.12,13 Currently, the main indicators used for IR
assessment are the hyperinsulinemic-euglycemic clamp
(gold standard) and the Homeostasis Model Assessment
of Insulin Resistance (HOMA-IR)14,15; however, these
are complex, time-consuming, and expensive to calcu-
late. Notably, a simple, inexpensive, and reliable test, the
triglyceride-glucose index (TyG), has recently emerged
as an attractive surrogate biomarker for IR.16,17 TyG is an
indicator of the metabolism dysfunction calculated by
glucose and triglycerides from fasting blood, making it
ideal for primary care initial screening. Prior studies
have reported that TyG is associated with all-cause
mortality among different populations.18,19 Moreover,
TyG adjusted by obesity indicators such as body mass
index (BMI), waist circumference (WC), waist-to-height
ratio (WHtR), and waist-to-hip ratio (WHR) are also
potential surrogates for IR.20–23 Nonetheless, while the
relationship between the TyG and mortality risk has
been investigated globally, as in the recent Prospective
Urban Rural Epidemiology (PURE) study,24 evidence on
both the associations between TyG-related indicators
and mortality risk and the relevance of these associa-
tions specifically within middle-aged and older adults in
primary care settings, remains limited.

We aimed to assess the association of TyG-related
indicators for IR surrogates with all-cause mortality,
premature all-cause mortality, and loss of life expectancy
in a large European primary care prospective cohort.
Methods
Data resource and ethical approval
The cohort for this study was extracted from the Polish
nationwide study LIPIOGRAM2015, which involved 438
physician-investigators in recruiting 13,724 adult pa-
tients attending primary care facilities for any medical
reason in 398 primary care clinics of 16 major admin-
istrative regions in 2015–2016. Sampling, selection, and
the role of the funders for the LIPIDOGRAM2015 study
have been described in detail in previous publica-
tions.25,26 Specifically, prior to data collection, each
physician-researcher underwent individual training on
the study procedures and methods outlined in the
research protocol. Questionnaires, blood, and saliva
samples from participants were labelled with unique,
identical barcodes linked to a nine-digit code. Scanned
paper questionnaires and biochemical analysis data
were electronically transmitted to the study database
www.thelancet.com Vol 49 February, 2025

http://creativecommons.org/licenses/by/4.0/
http://www.thelancet.com


Research in context

Evidence before this study
Insulin resistance (IR) is recognized as a significant predictor
of mortality in the general population, yet its assessment in
clinical practice remains challenging due to the complexity,
time, and cost associated with current standard methods such
as the hyperinsulinemic-euglycemic clamp and the
Homeostasis Model Assessment of Insulin Resistance. The
triglyceride-glucose index (TyG), a recently emerging
surrogate for IR, offers a simple, inexpensive, and reliable
alternative that can be easily integrated into routine clinical
practice without the current cost increase.
To assess the uniqueness of our study, we conducted a search
in PubMed in August 2024 using terms including (1)
“triglyceride-glucose index” or “TyG” or “TyG-adjusted body
mass index” or “TyG-BMI” or “TyG-adjusted waist
circumference” or “TyG-WC” or “TyG-adjusted waist-to-hip
ratio” or “TyG-WHR” or “TyG-adjusted waist-to-height ratio”
or “TyG-WHtR”, and (2) “mortality” or “all-cause mortality” or
“premature mortality” or “premature all-cause mortality” or
“life expectancy” or “life-expectancy” or “years of life lost”,
excluding (3) journal titles containing “tyg”, without language
restriction. 250 publications were retrieved, all of which
focused on the general population or specific patient groups
(e.g., those with diabetes mellitus, those with cardiovascular
disease), with most of studies conducted in general health
surveys or intensive care unit settings from the United States.
Additionally, some of these studies have shown that TyG or
TyG-related indicators are associated with all-cause mortality
and cardiovascular mortality in different cohorts. However, no
study was identified that were conducted within primary care
setting, and only three specifically targeted middle-aged and
older populations. Furthermore, these studies considered only
all-cause mortality or specific cause mortality as the
outcomes. Thus, to date, no study has specifically examined
the association of TyG and TyG-related indicators (obtained
by adjusting for various anthropometric measurements) with
all-cause mortality, premature all-cause mortality and life
expectancy in middle-aged and older adults within primary
care setting.

Added value of this study
We investigated the associations of TyG and TyG-related
related indicators with all-cause mortality, premature all-cause
mortality, and years of life lost in 10,688 middle-aged and
older patients within a primary care cohort from the
nationwide LIPIDOGRAM2015 study in Poland. Our analysis of
these patients over a follow-up period of approximately 5.7
years found that both low and high levels of TyG-BMI and
TyG-WC were associated with higher all-cause mortality and
premature mortality, demonstrating a U-shaped relationship.
Notably, patients in the lowest and highest quartiles of TyG-
BMI and TyG-WC experienced a reduction in life expectancy.
By evaluating these outcomes together, our research
highlights the potential impact of these indicators in
identifying at-risk patients within the primary care setting.
This comprehensive approach not only identifies at-risk
individuals but also improves our understanding of how
metabolic health impacts life expectancy.

Implications of all the available evidence
A direct clinical implication of our findings is the integration
of TyG-related indicators into routine primary care for middle-
aged and older patients. These indicators are cost-effective,
easily accessible, require no additional laboratory tests, and
impose no inconvenience on patients. By incorporating TyG-
related indicators, clinicians in primary care can identify
individuals at higher risk who might not be detected by
traditional measures (e.g., glucose or low-density lipoprotein
cholesterol) alone, especially in primary care settings where
comprehensive metabolic assessments are essential. This has
significant implications for primary care centers in Europe,
where there is a growing need for practical and efficient tools
to manage the metabolic health of ageing populations. Given
the evidence, incorporating these simple and affordable TyG-
related indicators into routine care could become a valuable
tool for primary and secondary prevention of mortality risk,
making them a valuable addition to the management
strategies for middle-aged and older patients across European
primary care settings.

Articles
associated with each participant. Blood samples were
transported to the central laboratory (Silesian Analytical
Laboratories, SLA, Katowice, Poland) in temperature-
controlled containers to ensure sample integrity. The
LIPIDOGRAM2015 study received ethical approval
from the Bioethical Commission of the Chamber of
Physicians (No. K.B.Cz.-0018/2015), following the
principles outlined in the Declaration of Helsinki.

Study outcomes definitions
Study outcomes were total all-cause mortality, years of
life lost (YLL), and premature all-cause mortality.
www.thelancet.com Vol 49 February, 2025
Mortality follow-up data were collected from the Na-
tional Health Found in Poland, using unique identifi-
cation codes for all patients, and the follow-up ended in
December 2021. Regarding premature mortality,
although there is inequality in life expectancy between
males and females, the purpose of this study was not to
explore sex differences. Therefore, a uniform definition
of premature mortality helps to simplify the analyses
and enhance the generalisability of the results. Accord-
ing to the Global Burden of Disease Study 2017, the
average life expectancy of the overall population in the
Polish region in 2017 was about 78.0 (77.5–78.5) years,
3
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and the average life expectancy of the overall population
at the age of 65 years was about 18.3 (18.0–18.7) years,27

with reference to the definition of premature death in
the epidemic study of the European region.28 Premature
all-cause mortality in this study was defined as age at
death ≤75 years during follow-up. YLL is an indicator
used to quantify the burden of premature death in a
population,29 by calculating the difference in life expec-
tancy between populations with different levels of
TyG-related indicators, thus reflecting the impact of
TyG-related indicators on life expectancy.

Study participants
Our inclusion criteria of analysis cohort for “TyG-related
indicators and total all-cause mortality/YLL” were: (i)
Age ≥45 years; (ii) complete follow-up records; (iii)
complete fasting triglycerides and fasting glucose; (iv)
complete anthropometric measurements (height, body
weight, BMI, WC, and hip circumference [HC]). On
analysing TyG-related indicators and premature all-
cause mortality, participants aged ≥75 years at the
start of follow-up were further excluded.

Definitions of TyG-related indicators
Serum samples from all enrolled participants were
collected after fasting 12 h or more. Within 12 h
following blood sample collection, fasting triglycerides
(TG) were measured using direct immunological mea-
surement on the Siemens Advia 1800 analyser and
Siemens reagents (Munich, Germany). Fasting glucose
was measured with Bionime glucometers and Rightest
strips test (Taichung City, Taiwan).

For the anthropometric measurements: (i) no heavy
clothing or shoes were worn when height (m) and
weight (kg) were measured; (ii) WC (m) was measured
at the level of the unclothed abdomen, specifically at
the midpoint between the lower edge of the ribs and the
anterosuperior iliac spine, as recommended by the
World Health Organization and the International Dia-
betes Federation. This method is considered more ac-
curate for assessing central obesity than the
measurement at the superior border of the iliac crest in
a horizontal plane, as suggested by the National
Cholesterol Education Program Third Adult Treatment
Panel30; (iii) at the level of the greater trochanter, HC (m)
was measured. BMI (kg/m2) was calculated as weight/
height.2 WHtR was calculated as WC/height. WHR was
calculated as WC/HC.

TyG was calculated as ln [fasting glucose (mg/
dL) × fasting triglycerides (mg/dL)/2]. TyG-BMI was
calculated as TyG × BMI, TyG-WC was calculated as
TyG × WC, TyG-WHtR was calculated as TyG × WHtR,
and TyG-WHR was calculated as TyG × WHR.

Covariates definitions
In this analysis, we included basic demographics (age,
sex, level of education, place of residence), lifestyle
factors (smoking status, alcohol consumption, regular
physical activity, use of antiatherogenic diet), comor-
bidities (diabetes mellitus [DM], hypertension (HTN),
chronic kidney disease [CKD], myocardial infarction
[MI], stroke, atrial fibrillation [AF]), use of medications
(treatment of dyslipidaemia, treatment of DM, treat-
ment of HTN, antiplatelet treatment, anticoagulant
treatment), and laboratory results (high-density lipo-
protein cholesterol [HDL-C], low-density lipoprotein
cholesterol [LDL-C], total cholesterol [TC], TG). Level of
education was defined as “primary and vocational edu-
cation” and “secondary and higher education”. Place of
residence was defined as “rural residence” and “urban
residence”. Smoking status was defined as “never
smoke” and “past/current smoke”. Alcohol consump-
tion was defined as “never drink” as well as “moderate
and heavy alcohol intake”. Levels of physical activity
were defined as “regular physical activity” (e.g., Aerobic
exercise, playing team games, doing housework or
household chores etc.) for 2.0–2.5 h per week” and “no
regular physical activity” for not meeting the criteria of
regular physical activity. The use of antiatherogenic diet
was defined as “use antiatherogenic (hypolipemic, hy-
poglycemic, hypotensive) diet”,31 and “no use”. The in-
formation on comorbidities and use of medications was
obtained from questionnaires and validated by primary
care physicians. Besides, HDL-C, LDL-C, and TC were
measured using direct immunological measurement on
the Siemens Advia 1800 analyser and Siemens reagents
(Munich, Germany).

Statistical analysis
Normally distributed continuous variables were
expressed as means and standard deviations, and dif-
ferences among groups were evaluated by one-way
analysis of variance. Non-normally distributed contin-
uous variables were expressed as median and inter-
quartile range (IQR), and differences among groups
were assessed by the Kruskal–Wallis test. Categorical
variables were expressed as counts and percentages, and
differences among groups were assessed by the Chi-
square or Fisher’s test.

Due to the difference in cohort sizes for the different
outcomes, the interquartile ranges for the TyG-related
indicators also differed (Supplementary Table S1). We
plotted Kaplan-Meyer curves for the follow-up times of
the different TyG-related indicators groups (divided by
quartile level) and performed log-rank tests to compare
the differences in cumulative risk among groups. Sub-
sequently, we plotted restricted cubic spline (RCS)
curves between continuous TyG-related indicators and
all-cause mortality, adjusting for confounders.

To assess the association among different levels of
TyG-related indicators and outcomes (total and prema-
ture all-cause mortality), regarding the group with the
lowest risk of all-cause mortality based on the RCS
curves as the reference group, we used multivariable
www.thelancet.com Vol 49 February, 2025
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Cox proportional hazards models to calculate adjusted
hazard ratios (aHR) and 95% confidence intervals (CI),
adjusted for confounders. Correlation and multi-
collinearity tests between potential confounders were
pre-tested to ensure that the adjustment variables
included within the model were not significantly corre-
lated (Pearson correlation coefficient [r] >0.8) and
strongly multicollinear (variance inflation factor >10).
Based on Supplementary Figs. S1 and S2, TC was not
included in the adjustment model as the strong corre-
lation between LDL-C and TC (r = 0.89). Thus, we used
four models for adjustment as follows: Model 1 was not
adjusted for confounders; Model 2 was adjusted for age,
sex, level of education, place of residence, smoking
status, alcohol consumption, regular physical activity,
and use of antiatherogenic diet; Model 3 was further
adjusted for comorbidities including DM, hypertension
(HTN), CKD, MI, stroke, and AF based on Model 2;
Model 4 was further adjusted for LDL-C and HDL-C
based on Model 3. To ensure the stability and inter-
pretability of the model, multiple covariance test was
conducted for all the variables included in the Model 4
which demonstrated that the variance inflation factor
values of all variables were less than 8, indicating that
there was no significant multicollinearity among these
variables. The proportional hazards assumption was
checked utilising Schoenfeld residuals.32 If the P-values
for all variables included in Model 4, as well as for the
overall model, were greater than 0.05, the proportional
hazards assumption was considered to be satisfied
(Supplementary Figs. S3–S12).

For plotting the RCS curves, we used Model 4 for
adjustment and the knot of RCS was set to 4. Then, if a
non-linear relationship was found, a two-step recursive
algorithm (as detailed in the Supplementary Methods)
was performed to calculate the inflection points between
TyG-related indicators and total all-cause mortality,
respectively, and to perform a threshold effect analysis
between TyG-related indicators and total all-cause mor-
tality by using Cox proportional hazards model on each
side of the inflection points.33 Furthermore, we per-
formed a multivariable Cox proportional hazards model
adjusted for Model 4 in different subgroups (age ≥65
and age <65 years; male and female) to assess the as-
sociation of TyG-related indicators with total and pre-
mature all-cause mortality.

In addition, we conducted four sensitivity analyses
on the TyG-related indicators significantly associated
with total and premature all-cause mortality outcomes.
First, we assessed whether TyG-related indicators out-
performed corresponding anthropometric measure-
ments in predicting total all-cause mortality by
calculating the continuous net reclassification improve-
ment (NRI) and integrated discrimination improvement
(IDI) after incorporating corresponding anthropometric
measurements and TyG-related indicators into the basic
www.thelancet.com Vol 49 February, 2025
model (including age, sex, level of education, place of
residence, smoking status, and alcohol consumption,
regular physical activity, use of antiatherogenic diet,
DM, HTN, CKD, MI, stroke, AF, LDL-C and HDL-C),
respectively. Second, we further added the use of med-
ications (including treatment of dyslipidaemia, treat-
ment of DM, treatment of HTN, antiplatelet treatment,
anticoagulant treatment) to Model 4 as confounders to
evaluate whether the associations between TyG-related
indicators with total and premature all-cause mortality
outcomes remained stable. The proportional hazards
assumption was checked (Supplementary Figs. S13–
S16). Third, considering that some of the variables,
especially disease comorbidities, might be mediators in
the causal pathways from IR to total all-cause mortality,
we applied a causal mediation analysis to explore
whether the relationships between TyG-related in-
dicators and total all-cause mortality were mediated by
comorbidities (DM, HTN, CKD, MI, stroke, AF).

Role of the funding source
The LIPIDOGRAM2015 Project and the LIPIDO-
GRAM2015 Investigators received non-material support
from the Polish Lipid Association (PoLA) and the Col-
lege of Family Physicians in Poland (CFPIP). The pre-
sent study was funded by an unrestricted educational
grant from Valeant (Warsaw, Poland). Valeant had no
role in the study design, data analysis, data interpreta-
tion, or writing of the report.
Results
Baseline characteristics
We ultimately included 10,688 participants who met the
inclusion criteria (the flowchart of this study is provided
in Supplementary Fig. S17). The mean age of participants
was 61.8 (9.3) years, and the median follow-up time was
5.7 (IQR 5.6–5.7) years (58594.0 person-years of follow-
up). There were 759 (7.2%) total all-cause mortality
events and 460 (4.3%) premature all-cause mortality
events. As shown in Table 1, compared with the survivors
group, participants in the death group were older, had
higher BMI and WC, smaller proportion of higher edu-
cation, and higher proportion of comorbidities (DM,
HTN, CKD, MI, stroke, AF). Additionally, the baseline
characteristics of the different levels of TyG-related in-
dicators are given in Supplementary Tables S2–S6.

Overall survival for different levels of TyG-related
indicators
Fig. 1 shows the Kaplan–Meier survival analysis curves
for total all-cause mortality during follow-up for quartile
groups of TyG-related indicators. Apart from TyG (log-
rank P = 0.1029), there were statistically significant dif-
ferences in TyG-BMI, TyG-WC, TyG-WHtR, and TyG-
WHR (TyG-BMI: log-rank P = 0.0004; others: log-rank
5
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Characteristic All Survivors Non-survivors P-value

N 10,688 9921 767

Age, years 61.27 (54.89, 67.69) 60.66 (54.43, 66.95) 69.22 (63.73, 77.31) <0.0001

Female, n (%) 6789 (63.5) 6443 (64.9) 346 (45.1) <0.0001

BMI, kg/m2 28.50 (25.50, 31.80) 28.40 (25.50, 31.60) 29.20 (25.30, 32.70) 0.0085

WC, m 0.96 (0.88, 1.05) 0.96 (0.87, 1.04) 1.01 (0.91, 1.10) <0.0001

WHtR 0.58 (0.53, 0.63) 0.58 (0.53, 0.63) 0.60 (0.55, 0.66) <0.0001

WHR 0.90 (0.84, 0.96) 0.90 (0.84, 0.96) 0.93 (0.88, 0.99) <0.0001

Higher education, n (%) 5621 (52.6) 5365 (54.1) 256 (33.4) <0.0001

Urban residence, n (%) 5502 (51.5) 5095 (51.4) 407 (53.1) 0.3684

Smoking status, n (%) 0.0075

Never 8952 (83.8) 8336 (84.0) 616 (80.3)

Past/current 1736 (16.2) 1585 (16.0) 151 (19.7)

Alcohol Consumption, n (%) 0.1100

Never 3902 (36.5) 3601 (36.3) 301 (39.2)

Moderate/high 6786 (63.5) 6320 (63.7) 466 (60.8)

Regular physical activity, n (%) 4189 (39.2) 3996 (40.3) 193 (25.2) <0.0001

Use of antiatherogenic diet, n (%) 7412 (69.3) 6901 (69.6) 511 (66.6) 0.0948

Comorbidity, n (%)

Diabetes mellitus 1739 (16.3) 1504 (15.2) 235 (30.6) <0.0001

Hypertension 6236 (58.3) 5676 (57.2) 560 (73.0) <0.0001

Chronic kidney disease 338 (3.2) 289 (2.9) 49 (6.4) <0.0001

Myocardial infarction 607 (5.7) 490 (4.9) 117 (15.3) <0.0001

Stroke 286 (2.7) 237 (2.4) 49 (6.4) <0.0001

Atrial fibrillation 687 (6.4) 563 (5.7) 124 (16.2) <0.0001

Use of Medications, n (%)

Treatment of Dyslipidaemia 3837 (35.9) 3509 (35.4) 328 (42.8) <0.0001

Treatment of diabetes mellitus 1635 (15.3) 1414 (14.3) 221 (28.8) <0.0001

Treatment of hypertension 6005 (56.2) 5462 (55.1) 543 (70.8) <0.0001

Antiplatelet treatment 1552 (14.5) 1380 (13.9) 172 (22.4) <0.0001

Anticoagulant treatment 845 (7.9) 699 (7.0) 146 (19.0) <0.0001

Laboratory results

Triglycerides, mg/dL 126.30 (93.60, 175.20) 126.40 (93.60, 175.35) 123.80 (93.30, 169.80) 0.5389

Glucose, mg/dL 100.00 (92.00, 111.00) 100.00 (92.00, 111.00) 103.00 (95.00, 123.00) <0.0001

LDL-C, mg/dL 128.00 (100.00, 157.00) 129.00 (101.00, 158.00) 109.00 (84.00, 142.00) <0.0001

HDL-C, mg/dL 52.70 (43.80, 63.40) 53.10 (44.20, 63.80) 48.00 (39.30, 58.20) <0.0001

TC, mg/dL 201.70 (172.30, 232.50) 203.00 (174.20, 233.60) 180.80 (150.70, 216.60) <0.0001

TyG Related Indicators

TyG 8.77 (8.43, 9.16) 8.76 (8.43, 9.15) 8.82 (8.47, 9.20) 0.0136

TyG-BMI 251.39 (219.42, 286.65) 250.83 (219.41, 285.85) 258.17 (220.23, 297.73) 0.0025

TyG-WC 8.47 (7.51, 9.43) 8.44 (7.49, 9.40) 8.93 (7.88, 10.00) <0.0001

TyG-WHtR 5.09 (4.55, 5.68) 5.07 (4.54, 5.66) 5.35 (4.79, 6.02) <0.0001

TyG-WHR 7.94 (7.25, 8.66) 7.91 (7.22, 8.62) 8.23 (7.63, 8.96) <0.0001

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TyG, triglyceride-glucose index; WC,
waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio.

Table 1: Baseline characteristics of the survivors and non-survivors groups.
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P < 0.0001). Among all indicators, the fourth quartile
(Q4) had the lowest survival rate.

The second quartile (Q2) of TyG-BMI had the lowest
mortality, while the first quartile of TyG-WHR had the
lowest mortality. The first and second quartiles (Q1, Q2)
of TyG-WC or TyG-WHtR had similar trends in survival
rates and significantly lower mortality than the third or
fourth quartiles (Q3, Q4).
Association of TyG-related indicators with total all-
cause mortality
According to the multivariate-adjusted RCS analysis
(Fig. 2), except TyG, TyG-related indicators showed
significant non-linear associations with total all-cause
mortality (TyG-WHR: P-non-linear = 0.0011; others: P-
non-linear < 0.0001). TyG-BMI, TyG-WC and TyG-WHtR
were associated with total all-cause mortality in a U-
www.thelancet.com Vol 49 February, 2025
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Fig. 1: Kaplan–Meier analysis of overall survival based on quartiles of TyG (a), TyG-BMI (b), TyG-WC (c), TyG-WHtR (d), and TyG-WHR (e)
in whole cohort. Abbreviations: BMI, body mass index; TyG, triglyceride-glucose index; WC, waist circumference; WHtR, waist-to-height ratio;
WHR, waist-to-hip ratio.
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shaped association, whereas TyG and TyG-WHR
showed a J-shaped correlation.

Based on the results of Cox proportional hazards
model fully adjusted for confounders (Table 2 and
Fig. 2: Associations between TyG-related indicators and total all-cau
hazards model was adjusted for age, sex, level of education, place of resid
use of antiatherogenic diet, diabetes mellitus, hypertension, chronic kidne
lipoprotein cholesterol, and high-density lipoprotein cholesterol. Abbrev
waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip rati

www.thelancet.com Vol 49 February, 2025
Fig. 3), TyG-BMI, TyG-WC, and TyG-WHtR were asso-
ciated with total all-cause mortality (TyG-BMI: Q2 as the
reference group, Q1: aHR 1.33, 95% CI 1.07–1.65,
P = 0.0101, Q4: aHR 1.28, 95% CI 1.03–1.58, P = 0.0259;
se mortality with restricted cubic splines. The Cox proportional
ence, smoking status, alcohol consumption, regular physical activity,
y disease, myocardial infarction, stroke, atrial fibrillation, low-density
iations: BMI, body mass index; TyG, triglyceride-glucose index; WC,
o.
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Variables Model 1 Model 2 Model 3 Model 4

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

TyG

Q1 0.91 (0.74, 1.13) 0.3994 0.99 (0.80, 1.22) 0.9228 1.02 (0.83, 1.26) 0.8704 1.00 (0.81, 1.24) 0.9876

Q2 Reference Reference Reference Reference

Q3 1.09 (0.89, 1.33) 0.3895 1.09 (0.89, 1.33) 0.3903 1.03 (0.84, 1.26) 0.7640 1.02 (0.83, 1.25) 0.8429

Q4 1.16 (0.95, 1.42) 0.1357 1.17 (0.96, 1.43) 0.1234 1.04 (0.85, 1.28) 0.6836 1.02 (0.83, 1.27) 0.8255

TyG-BMI

Q1 1.25 (1.01, 1.54) 0.0415 1.28 (1.03, 1.59) 0.0236 1.31 (1.06, 1.62) 0.0139 1.33 (1.07, 1.65) 0.0101

Q2 Reference Reference Reference Reference

Q3 1.23 (1.00, 1.52) 0.0552 1.12 (0.90, 1.38) 0.3065 1.04 (0.84, 1.29) 0.7198 1.02 (0.82, 1.26) 0.8655

Q4 1.55 (1.26, 1.90) <0.0001 1.54 (1.26, 1.90) <0.0001 1.33 (1.07, 1.64) 0.0093 1.28 (1.03, 1.58) 0.0259

TyG-WC

Q1 0.95 (0.76, 1.20) 0.6868 1.37 (1.09, 1.73) 0.0079 1.40 (1.11, 1.77) 0.0045 1.44 (1.14, 1.82) 0.0024

Q2 Reference Reference Reference Reference

Q3 1.32 (1.07, 1.63) 0.0101 1.18 (0.95, 1.46) 0.1322 1.12 (0.91, 1.39) 0.2921 1.11 (0.90, 1.38) 0.3299

Q4 1.89 (1.55, 2.30) <0.0001 1.55 (1.26, 1.89) <0.0001 1.33 (1.08, 1.64) 0.0081 1.29 (1.04, 1.59) 0.0207

TyG-WHtR

Q1 0.95 (0.76, 1.20) 0.6804 1.25 (1.00, 1.58) 0.0520 1.29 (1.03, 1.62) 0.0294 1.31 (1.04, 1.66) 0.0209

Q2 Reference Reference Reference Reference

Q3 1.38 (1.12, 1.70) 0.0026 1.22 (0.99, 1.51) 0.0594 1.17 (0.95, 1.44) 0.1451 1.15 (0.93, 1.42) 0.1856

Q4 1.72 (1.41, 2.10) <0.0001 1.39 (1.14, 1.70) 0.0013 1.20 (0.97, 1.47) 0.0945 1.16 (0.93, 1.43) 0.1837

TyG-WHR

Q1 Reference Reference Reference Reference

Q2 1.36 (1.08, 1.72) 0.0104 1.03 (0.81, 1.31) 0.7951 0.97 (0.77, 1.24) 0.8236 0.97 (0.76, 1.23) 0.7958

Q3 1.82 (1.45, 2.27) <0.0001 1.14 (0.90, 1.43) 0.2786 1.04 (0.82, 1.31) 0.7737 1.03 (0.81, 1.31) 0.7902

Q4 2.31 (1.87, 2.87) <0.0001 1.33 (1.05, 1.68) 0.0189 1.11 (0.87, 1.42) 0.3856 1.10 (0.85, 1.43) 0.4637

BMI, body mass index; CI, confidence interval; HR, hazard ratio; TyG, triglyceride-glucose index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip
ratio. Model 1: Unadjusted. Model 2: Adjusted for age, sex, level of education, place of residence, smoking status, and alcohol consumption, regular physical activity, use of
antiatherogenic diet. Model 3: Model 2 further adjusted for diabetes mellitus, hypertension, chronic kidney disease, myocardial infarction, stroke, atrial fibrillation. Model 4:
Model 3 further adjusted for low-density lipoprotein cholesterol and high-density lipoprotein cholesterol.

Table 2: Univariable and multivariable Cox proportional hazards regression model for all-cause mortality.
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TyG-WC: Q2 as the reference group, Q1: aHR 1.44, 95%
CI 1.14–1.82, P = 0.0024, Q4: aHR 1.29, 95% CI
1.04–1.59, P = 0.0207; TyG-WHtR: Q2 as the reference
group, Q1: aHR 1.31, 95% CI 1.04–1.66, P = 0.0209),
whereas TyG and TyG-WHR were not associated with
total all-cause mortality.

Since all the TyG-related indicators had significant
nonlinear relationships with total all-cause mortality,
Supplementary Table S7 provides the inflection points
of the TyG-related indicators for total all-cause mortality
and the results of the corresponding threshold effect
analysis. For instance, the inflection point of TyG-WC
for total all-cause mortality was 7.66, and when TyG-
WC < 7.66, for each 1-unit increase in TyG-WC, the
aHR (95% CI) for total all-cause mortality was 0.63 (0.53,
0.75), P < 0.0001; whereas when TyG-WC ≥ 7.66, for
each 1-unit increase in TyG-WC, the aHR (95% CI) for
total all-cause mortality was 1.17 (1.10, 1.25), P < 0.0001.

Associations of TyG-related indicators with
premature all-cause mortality
According to the results of Cox proportional hazards
model fully adjusted for all confounders (Fig. 3), TyG-
BMI, TyG-WC and TyG-WHtR were associated with
premature all-cause mortality (TyG-BMI: Q2 as the
reference group, Q1: aHR 1.45, 95% CI 1.07–1.97,
P = 0.0159, Q4: aHR 1.51, 95% CI 1.14–2.01, P = 0.0046;
TyG-WC: Q2 as the reference group, Q1: aHR 1.72, 95%
CI 1.24–2.39, P = 0.0012, Q4: aHR 1.54, 95% CI
1.15–2.07, P = 0.0040; TyG-WHtR: Q2 as the reference
group, Q1: aHR 1.64, 95% CI 1.19–2.25, P = 0.0023, Q3:
aHR 1.39, 95% CI 1.04–1.86, P = 0.0251, Q4: aHR 1.50,
95% CI 1.12–2.00, P = 0.0066), whereas TyG and TyG-
WHR were not associated with premature all-cause
mortality.

Subgroup analysis
Subgroup analyses showed that TyG-BMI and TyG-WHtR
in females, and TyG-WC in both sexes were associated
with total all-cause mortality (Supplementary Fig. S18), but
there was only a significant interaction between TyG-BMI
and sex (TyG-BMI: P for interaction = 0.0355; TyG-WC: P
for interaction = 0.7332; TyG-WHtR: P for interac-
tion = 0.1852). Additionally, according to Supplementary
Fig. S19, subgroup analyses with age groups indicated
that TyG-BMI, TyG-WC, and TyG-WHtR were associated
www.thelancet.com Vol 49 February, 2025
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Fig. 3: Multivariable Cox proportional hazard regression model for total (a) and premature (b) all-cause mortality. The Cox proportional
hazards model was adjusted for Model 4, including age, sex, level of education, place of residence, smoking status, alcohol consumption, regular
physical activity, use of antiatherogenic diet, diabetes mellitus, hypertension, chronic kidney disease, myocardial infarction, stroke, atrial
fibrillation, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol. Abbreviations: BMI, body mass index; CI, confidence
interval; HR, hazard ratio; TyG, triglyceride-glucose index; WC, waist circumference; WHtR, waist-to-height ratio; WHR, waist-to-hip ratio.
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with total all-cause mortality in the 45 ≤ age <65 years
group, whereas TyG-WC was related to it in the age ≥ 65
years group, while there was no significant interaction
between TyG-BMI or TyG-WC and age group (TyG-BMI: P
for interaction = 0.3279; TyG-WC: P for interaction = 0.2945;
TyG-WHtR: P for interaction = 0.1662).

Subgroup analyses showed that in males TyG-BMI,
TyG-WC and TyG-WHtR were associated with prema-
ture all-cause mortality, while in females TyG-BMI and
TyG-WC were related to it (Supplementary Fig. S20), but
there were no significant interactions between these
TyG-related indicators and sex (TyG-BMI: P for interac-
tion = 0.8740; TyG-WC: P for interaction = 0.0728; TyG-
WHtR: P for interaction = 0.5761). Moreover, according
to Supplementary Fig. S21, subgroup analyses with age
groups indicated that TyG-BMI, TyG-WC, and TyG-
WHtR were associated with premature all-cause mor-
tality in the 45 ≤ age <65 years group, whereas only
TyG-WC was related to it in the age ≥ 65 years group,
while there was no significant interaction between these
TyG-related indicators and age group (TyG-BMI: P for
interaction = 0.3880; TyG-WC: P for interaction = 0.5968;
TyG-WHtR: P for interaction = 0.3675).

Sensitivity analysis
We assessed whether TyG-BMI and TyG-WC out-
performed BMI and WC in predicting total all-cause
mortality using NRI and IDI (Supplementary
www.thelancet.com Vol 49 February, 2025
Table S8). Compared to adding BMI, adding TyG-BMI
to the basic model significantly improved the predic-
tion of total all-cause mortality (continuous NRI:
11.25%, P = 0.0026; IDI: 0.22%, P = 0.0118). Similarly,
adding TyG-WC improved risk reclassification
compared to adding WC (continuous NRI: 10.43%,
P = 0.0052; IDI: 0.20%, P = 0.0034).

After adjusting for the use of medications, the associ-
ations between TyG-BMI, TyG-WC, and mortality out-
comes remained significant (Supplementary Table S9).
The Q1 and Q4 of both TyG-BMI and TyG-WC were
associated with a higher risk of total all-cause mortality
(TyG-BMI: Q2 as the reference group, Q1: aHR 1.34, 95%
CI 1.08–1.66, P = 0.0088, Q4: aHR 1.28, 95% CI 1.03–1.59,
P = 0.0252; TyG-WC: Q2 as the reference group, Q1: aHR
1.45, 95% CI 1.14–1.83, P = 0.0022, Q4: aHR 1.30, 95% CI
1.05–1.60, P = 0.0176). Similarly, these associations were
observed for premature all-cause mortality.

The mediation analysis results, presented in
Supplementary Table S10, showed that none of the
comorbidities included in this analysis significantly
mediated the relationships between TyG-BMI or TyG-
WC and total all-cause mortality.

Exploration interaction analysis of TyG-BMI and
TyG-WC in males and females
Since TyG-BMI, TyG-WC, and TyG-WHtR were signif-
icantly associated with total all-cause mortality, but TyG-
9
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WHtR showed statistical significance only in Q1
compared with Q2, thus TyG-BMI and TyG-WC were
selected for further analyses. However, as there was a
significant interaction between categorised TyG-BMI
and sex, and WC has different categorisation criteria
due to physiological differences in body fat distribution
between sexes, we additionally performed RCS and
interaction analyses in males and females.
Supplementary Fig. S22 presents that the direction and
trend of the effects of TyG-BMI and TyG-WC were
essentially similar in both sexes, and there were no
significant interactions (TyG-BMI: P for interac-
tion = 0.3437; TyG-WC: P for interaction = 0.1121),
implying that they are reliable and generalisable in
cross-sex applications.

YLL in groups with different levels of TyG-BMI and
TyG-WC
Since the Cox proportional hazards model showed no
significant difference in the risk of total all-cause mor-
tality between the Q2 and Q3 of TyG-BMI or TyG-WC,
so in this section, we combined these two groups.
Fig. 4 illustrates the curves of YLL at different ages for
different quartiles of TyG-BMI and TyG-WC between
age 45 and 100 years. Additionally, we calculated the
Fig. 4: Percentage of survivors in the 45- to 100-year age range in the
for TyG-BMI and TyG-WC in whole cohort. Abbreviations: BMI, body m
YLL and 95% CI for different levels of TyG-BMI or TyG-
WC at different specific ages (due to the limited number
of deaths over the age of 80, the corresponding YLLs
were calculated only for each 5 years of age in the 45–80
age group as a specific age cohort [Fig. 5 and
Supplementary Table S11]).

For the overall interval from 45 to 80 years of age, the
YLL with 95% CI for TyG-BMI Q1 and Q4 was 4.49
(2.90, 6.00) and 5.46 (3.47, 6.67) years, respectively, and
for TyG-WC Q1 and Q4 was 3.24 (1.50, 5.11) and 5.31
(3.77, 6.66) years, respectively, when compared with Q2
and Q3. For a specific age, such as, at age 50 years,
compared with quartiles 2 and 3, the YLL for Q1 and Q4
of TyG-BMI were 5.34 (3.65, 6.78) years and 6.66 (4.80,
7.99) years, respectively.
Discussion
This study analysed middle-aged and older patients
receiving primary care medical services throughout
Poland – the largest Central and Eastern European
country as well as the 6th largest European country. To
our knowledge, this is the first comprehensive analysis
of TyG-related indicators with total and premature all-
cause mortality, and YLL in primary care. The main
first, fourth quartiles, and second-third composite quartile groups
ass index; TyG, triglyceride-glucose index; WC, waist circumference.
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Fig. 5: Age-specific excess years of life lost in the first and fourth quartiles compared to the second and third composite quartiles for
TyG-BMI and TyG-WC. Abbreviations: BMI, body mass index; TyG, triglyceride-glucose index; WC, waist circumference.
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findings are: (i) TyG-BMI, TyG-WC, and TyG-WHtR
were associated with total all-cause mortality in a U-
shaped pattern, (ii) TyG-BMI, TyG-WC and TyG-WHtR
were associated with premature all-cause mortality, and
(iii) when compared to second/third quartile, TyG-BMI
and TyG-WC, there were different degrees of YLL at
different ages in first quartile and fourth quartile. These
findings demonstrated the importance of focusing on
surrogates of IR, TyG-related indicators, in reducing
all-cause mortality, preventing premature deaths, and
prolonging life expectancy in middle-aged and older
primary care patients.

Elevated TG levels are recognised as an independent
risk factor for cardiovascular risk due to their role in
promoting an atherogenic dyslipidemia, which is
www.thelancet.com Vol 49 February, 2025
characterised by an increase in remnant lipoproteins
that contribute to endothelial dysfunction and inflam-
mation.34 TG abnormalities are especially pronounced in
the context of IR, as IR is strongly associated with ab-
normalities in lipid metabolism (high TG and remnant
lipoproteins, low HDL-C, and large numbers of small,
dense LDL particles). In the setting of IR, insulin no
longer inhibits hormone-sensitive lipase in visceral ad-
ipose tissue and hence serum free fatty acid levels can
rise and provide hepatocytes with more substrate for TG
biosynthesis. These TG can then either be packaged into
nascent very low-density lipoprotein particles and
secreted into plasma, undergo B-oxidation, be converted
into glucose via activation of phosphoenolpyruvate car-
boxykinase, or they may be deposited in the hepatic
11
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parenchyma yielding hepatic steatosis. Moreover, as
hepatocytes become insulin resistant, there is increased
gluconeogenesis and glucagon induced glycogenolysis,
inducing a persistent hyperglycemic state.35 From the
perspective of physiological mechanisms, the combined
indicator of TyG combining TG and glucose reflects the
metabolic changes of IR. Indeed, several previous IR
diagnostic validation studies have evaluated the consis-
tency between TyG and IR. Vasques et al. reported
higher concordance of TyG with the gold standard hy-
perglycemic euglycaemic clamp test than with HOMA-
IR (TyG: r = −0.64, P < 0.0001; HOMA-IR: r = −0.51,
P < 0.0001) and better C-index of TyG in identifying IR
than HOMA- IR (TyG: 0.79 [0.69–0.89]; HOMA-IR: 0.77
[0.66–0.88]).36 Also, Guerrero-Romero et al. showed that
TyG was associated with the hyperglycemic clamp test
with a correlation coefficient of −0.68 and that the C-
index for the diagnosis of IR by TyG was 0.858, with
high sensitivity (96.5%) and specificity (85.0%).37 Over-
all, TyG provides a comprehensive assessment of IR via
derangements in lipid and glucose metabolism and thus
has potential application in primary care to represent
the IR status of patients.

IR is associated with enhanced inflammatory re-
sponses (via activation of nuclear factor-kappaB and re-
ceptors of advanced glycosylated end products),
oxidative stress (mitochondrial dysfunction and activa-
tion of multiple oxidase enzymes), and the development
or progression of several chronic metabolic diseases,38

which may be associated with an increased risk of all-
cause mortality. Several studies have investigated the
association between TyG and all-cause mortality. For
example, Lopez-Jaramillo et al. reported that TyG was
not significantly associated with the risk of cardiovas-
cular and non-cardiovascular mortality in middle-
income countries among participants aged 35–70
years.24 Similarly, our study also did not find a signifi-
cant association between TyG with total and premature
all-cause mortality. However, our analysis further
revealed that TyG-BMI and TyG-WC were significantly
associated with total and premature all-cause mortality,
extending the perspective of assessing IR and mortality
risk based solely on TyG, especially in middle-aged and
older primary care populations. Sun et al. reported a U-
shaped relationship between TyG and all-cause mortal-
ity in the general middle-aged and older population in
the United States, the adjusted Cox proportion hazards
model analysis showed a significant association between
Q3 of TyG and all-cause mortality (Q1 as the reference
group, Q3: aHR 0.84, 95% CI 0.73–0.98, P < 0.05), and
the inflection point for the Cox proportion hazards
model between TyG and all-cause mortality was 9.18.39

However, a J-shaped relationship between TyG and all-
cause mortality was also observed in our European
cohort, with a similar inflection point of 9.537 for the
Cox proportional hazards model. Xu et al. reported that
high levels of TyG in early life were significantly
associated with all-cause mortality at long-term follow-
up (median 25 years) in young Americans, and RCS
analyses showed a linear trend between TyG and all-
cause mortality.40 However, this differs from our re-
sults, possibly because of the large variation in the age
range of the study cohort and the fact that changes in
TyG over long-term follow-up may have a considerable
impact on the analysis of results. Additionally, the re-
sults of a meta-analysis of ≥500,000 general populations
from different cohorts showed no statistically significant
association between the TyG and all-cause mortality (the
highest levels of TyG were compared with the lowest
levels of TyG, aHR 1.08, 95% CI 0.92–1.27, I2 = 87%).41

However, the four included studies showed high het-
erogeneity due to I2 over 75%, suggesting that the sig-
nificant differences in the results of these studies may
be caused by other factors such as differences in study
design, interventions. Therefore, the relationship be-
tween TyG and all-cause mortality remains controversial
and requires further study.

TyG adjusted by BMI, WC, and WHtR have been
proven to have the potential for the diagnosis of IR and
metabolic syndrome.42,43 Several studies have explored
the association between obesity index adjusted TyG and
mortality. For example, Kityo et al. found that the RCS
analysis curves for TyG-BMI and TyG-WC with all-cause
mortality were U-shaped or J-shaped,44 which is similar
to our results. Dang et al. reported that TyG-WC (area
under the curve was 0.63) showed better diagnostic
performance for cardiovascular mortality than TyG (area
under the curve was 0.61), and the correlation with
various cardiometabolic diseases was also stronger than
that of TyG.45 Furthermore, Zhan et al. found that TyG-
BMI was significantly associated with all-cause mortality
in patients undergoing peritoneal dialysis (aHR 1.19,
95% CI 1.09–1.31), and the second and third quartile
groups had the lowest risk of all-cause mortality.46

Nevertheless, no prior study has explored the asso-
ciation between obesity index adjusted TyG and mor-
tality in the middle-aged and older population.
Adjusting the TyG for obesity indicators provides a
more comprehensive assessment of IR by further
incorporating body fat distribution based on glucose and
lipid metabolism. The potential mechanisms underlying
the U-shaped relationship between TyG-BMI or TyG-
WC and all-cause mortality risk may be: (i) Low levels
of TyG-BMI or TyG-WC may reflect malnutrition status
where the body’s energy reserves are decreased and
immune system function may be impaired, increasing
the risk of various infections and diseases,47 thereby
raising the risk of death, similar to the U-shaped rela-
tionship between BMI and all-cause mortality risk,48 (ii)
high levels of TyG-BMI or TyG-WC are usually indica-
tive of the presence of higher degrees of IR, metabolic
disorders, and excess fat accumulation, which are
associated with increased inflammation, oxidative
stress, atherosclerotic disease, HTN, and endocrine
www.thelancet.com Vol 49 February, 2025
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dysregulation, leading to increased all-cause mortality.49

Besides, high levels of TyG-BMI or TyG-WC are
accompanied by greater IR than low levels of TyG-BMI
or TyG-WC, which may lead to a higher risk of death
and more YLLs.

Although TyG-BMI and TyG-WC showed no signif-
icant interactions with age and sex on mortality risk,
their associations varied across subgroups, indicating
potential differences in the underlying mechanisms
based on age and sex. Regarding age differences, in
adults aged ≥ 65 years, sarcopenia and changes in body
composition may affect fat distribution as assessed by
BMI or WC,50,51 resulting in a weaker relationship be-
tween TyG-BMI or TyG-WC and mortality risk in this
advanced age group. Furthermore, the associations be-
tween TyG-BMI and TyG-WC and premature all-cause
mortality were stronger in females. This may be attrib-
uted to higher subcutaneous fat accumulation in fe-
males, along with hormonal fluctuations that increase
the IR risk and metabolic disorders,52 making them
more responsive to TyG-related indicators.

This study provides new insights into understanding
the relationship between TyG and all-cause mortality
and longevity in middle-aged and older adults, and lays
the foundation for future research, especially by further
exploring the relationship between TyG and other IR-
related clinical outcomes, which will help to reveal the
underlying mechanisms. In clinical practice, TyG-BMI
and TyG-WC are promising as useful tools for assess-
ing long-term all-cause mortality in middle-aged and
older patients in primary care and allow healthcare
professionals to identify high-risk populations for early/
upfront intensive interventions.53,54 However, as ageing
leads to increased fat and decreased muscle mass in
older adults, the traditional BMI method may inaccu-
rately reflect obesity,50,51 so some caution is needed when
interpreting TyG-BMI results. Additionally, since BMI
and WC may capture different health risk information,
it may be necessary to further evaluate their joint effects
on mortality risk in future prospective studies. For
example, constructing a more comprehensive IR risk
score by standardising and weighting TyG, BMI and
WC, to better evaluate their joint effect on mortality risk.

Our study is only observational, although our results
suggest that controlling for TyG-BMI or TyG-WC within
certain limits may have survival benefits (based on the
results of our threshold size analysis, the nadir of risk of
all-cause mortality was 221.668 and 7.660 for TyG-BMI
and TyG-WC, respectively), nevertheless, whether this
will ultimately affect life expectancy or all-cause mor-
tality for individuals or the global population’s life span
remains unknown and cannot be extrapolated from
these data, and therefore needs to be interpreted with
caution. Future research should include large-scale,
prospective, and interventional studies to validate these
thresholds and explore their application in middle-aged
and older adults to determine whether TyG-BMI and
www.thelancet.com Vol 49 February, 2025
TyG-WC can be used as effective tools for early
screening of high-risk all-cause mortality to improve
public health and clinical primary care practice.

In addition, since TyG and TyG-related indicators
may only represent a short-term IR state at baseline
measurement, a single assessment of these indicators
may not fully capture their cumulative metabolic burden
over time and their long-term impact on health. A recent
study has shown that distinct TyG trajectories are
significantly associated with different mortality risks.40

Future large-scale prospective studies assess dynamic
changes in TyG and TyG-related indicators over time,
thereby clarifying how these fluctuations impact long-
term all-cause mortality risk and life expectancy.

This study has several significant strengths. First,
although previous studies have explored the association
between TyG or TyG-related indicators and mortality
risk, evidence within primary care settings remains
scarce. The LIPIDOGRAM2015 was a nationwide cross-
sectional study covering 16 major administrative regions
and around 400 primary care clinics. This design en-
sures a diverse and representative sample, providing a
broader perspective on the relationship between TyG or
TyG-related indicators and mortality risk in middle-aged
and older populations specifically within primary care.
Second, our study is the first to include premature all-
cause mortality and YLL, which have not been consid-
ered in previous research on TyG-related indicators. By
examining these endpoints, our analysis goes beyond
traditional mortality outcomes, providing a more
nuanced understanding of the impact of TyG-related
indicators on both lifespan and health quality. Third, a
rigorous and scientific random sampling methodology
and a rational questionnaire design enhanced the reli-
ability of the study. Fourth, the study had a long-term
follow-up of more than five years, providing sufficient
time to observe all-cause mortality events. Together,
these strengths ensure the scientific validity and appli-
cability of the study results.

However, there are some limitations in this analysis.
First, a clear causal relationship between TyG-related
indicators and all-cause mortality may not be estab-
lished and other potential residual confounders (such as
information on renal function, CKD treatment) may be
present. Second, although the TyG-related indicators
have been shown to be a useful index for assessing IR,
they may not fully represent the biomechanisms asso-
ciated with IR. Third, the follow-up period in this study
was about 5.7 years, which may not allow for evaluation
of the association of TyG-related indicators with mor-
tality outcomes of interest over longer follow-up periods.
Fourth, TyG, BMI, and WC at baseline are prone to
fluctuation through exercise and diet, and therefore,
TyG and TyG-related indicators at baseline measure-
ments may only represent a short-term metabolic state.
Unfortunately, we did not evaluate the associations be-
tween altered TyG-related indicators and mortality
13
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outcomes of interest. Fifth, our YLLs were based on the
complex statistical model in the R package “lillies”,
which has been applied in several previous studies, but
the accuracy of the results may be affected by the dataset
used and the model chosen. Sixth, our study only
included all-cause mortality and did not analyse the as-
sociations between TyG-related indicators with different
NCDs and deaths due to specific NCDs. Finally, this
study is based on a Polish primary care cohort, so
external validation studies on the applicability of the
TyG-related indicators and mortality management in
other regions and other ethnicities are required.

TyG-BMI and TyG-WC, surrogates for IR, were
strongly associated with total and premature all-cause
mortality. Moreover, the low and high levels of TyG-
BMI and TyG-WC adversely affected life expectancy.
Fasting TG, fasting glucose, BMI and WC are all
commonly measured indicators in primary care,
implying the usefulness and immediate feasibility of
using TyG-BMI and TyG-WC in primary care for long-
term mortality risk stratification.
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31 Krzemień P, Kasperczyk S, Banach M, et al. Serum antinuclear
autoantibodies are associated with measures of oxidative stress and
lifestyle factors: analysis of LIPIDOGRAM2015 and LIPI-
DOGEN2015 studies. Arch Med Sci. 2023;19(5):1214–1227.

32 Lin TA, McCaw ZR, Koong A, et al. Proportional hazards violations
in phase III cancer clinical trials: a potential source of trial misin-
terpretation. Clin Cancer Res. 2024;30(20):4791–4799.

33 Xiao Q, Cai B, Yin A, et al. L-shaped association of serum 25-
hydroxyvitamin D concentrations with cardiovascular and all-
cause mortality in individuals with osteoarthritis: results from the
NHANES database prospective cohort study. BMC Med.
2022;20(1):308.

34 Nordestgaard BG. Triglyceride-rich lipoproteins and atherosclerotic
cardiovascular disease: new insights from epidemiology, genetics,
and biology. Circ Res. 2016;118(4):547–563.

35 Tsatsoulis A, Mantzaris MD, Bellou S, Andrikoula M. Insulin
resistance: an adaptive mechanism becomes maladaptive in the
current environment - an evolutionary perspective. Metabolism.
2013;62(5):622–633.

36 Vasques ACJ, Novaes FS, de Oliveira MdS, et al. TyG index per-
forms better than HOMA in a Brazilian population: a hyperglyce-
mic clamp validated study. Diabetes Res Clin Pract. 2011;93(3).

37 Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, et al.
The product of triglycerides and glucose, a simple measure of in-
sulin sensitivity. Comparison with the euglycemic-
www.thelancet.com Vol 49 February, 2025
hyperinsulinemic clamp. J Clin Endocrinol Metab. 2010;95
(7):3347–3351.

38 Yaribeygi H, Farrokhi FR, Butler AE, Sahebkar A. Insulin resis-
tance: review of the underlying molecular mechanisms. J Cell
Physiol. 2019;234(6):8152–8161.

39 Sun M, Guo H, Wang Y, Ma D. Association of triglyceride glucose
index with all-cause and cause-specific mortality among middle age
and elderly US population. BMC Geriatr. 2022;22(1):461.

40 Xu X, Huang R, Lin Y, et al. High triglyceride-glucose index in
young adulthood is associated with incident cardiovascular disease
and mortality in later life: insight from the CARDIA study. Car-
diovasc Diabetol. 2022;21(1):155.

41 Liu X, Tan Z, Huang Y, et al. Relationship between the triglyceride-
glucose index and risk of cardiovascular diseases and mortality in
the general population: a systematic review and meta-analysis.
Cardiovasc Diabetol. 2022;21(1):124.

42 Lee J, Kim B, Kim W, et al. Lipid indices as simple and clinically
useful surrogate markers for insulin resistance in the U.S. popu-
lation. Sci Rep. 2021;11(1):2366.
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