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Objective: This study aimed to assess the association between triglyceride-glucose
(TyG) index/homeostasis model assessment-insulin resistance (HOMA-IR) within young
adults and congestive heart failure (CHF), and to explore whether TyG index can replace
HOMA-IR as a surrogate marker for IR in predicting the risk of CHF.

Methods: A total of 4,992 participants between the ages of 18 and 30 years
were enrolled from the Coronary Artery Risk Development in Young Adults (CARDIA)
investigation [from 1985 to 1986 (year 0)]. A Cox proportional hazard regression analysis
was conducted for assessing correlations between baseline TyG index’HOMA-IR and
CHF events, together with the receiver operating characteristic (ROC) curve employed
for scrutinizing TyG index/HOMA-IR and the risk of CHF.

Results: During the 31-year follow-up period, 64 (1.3%) of the 4,992 participants
developed CHF. In multivariable Cox proportional hazards models, adjusted for
confounding factors for CHF, an increased risk of CHF was associated with a per-unit
increase in the TyG index [hazard ratio (HR) 2.8; 95% confidence interval (Cl), 1.7-4.7]
and HOMA-IR (HR 1.2; 95% ClI, 1.1-1.3). A Kaplan—-Meier curve analysis showed that
participants in the TyG index and HOMA-IR index Q4 group had a higher risk of CHF
than those in the Q1 group. The area under curve (AUC) for the TyG index and HOMA-IR
consisted of 0.67 (95% Cl, 0.6-0.742) and 0.675 (95% CI, 0.604-0.746), respectively.
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There were no significant differences between the TyG index and HOMA-IR for AUC

(o = 0.986).

Conclusion: The higher TyG index and HOMA-IR are independent risk factors for CHF.
The TyG index can replace HOMA-IR in young adulthood as a surrogate marker for IR

to predict the risk of CHF.

Keywords: triglyceride-glucose index, HOMA-IR, insulin resistance, congestive heart failure, the CARDIA study

INTRODUCTION

Congestive heart failure (CHF) is a global issue within the
public-health scenario and it is also the main causative agent
for mortality (1, 2). Many risk parameters, such as diabetes,
hypertension, and coronary heart disease, are considered to be
intimately related to heart failure (2, 3). Consequently, it is
very imperative to identify any risk factors for heart failure
early, followed by a timely treatment, to prevent or regulate
any progress to heart failure. There is a close interplay between
insulin resistance (IR) and the etiology and clinical manifestation
of heart failure (4). IR is very common in patients with heart
failure (5, 6). The biological effects of exacerbated IR can,
in turn, lead to the development or exacerbation of heart
failure (7). Multiple investigations demonstrated that IR is an
independent risk factor for heart failure (8, 9). Consequently,
early diagnosis of IR can predict the manifestation of future
heart failure events. Methods for evaluating IR include the
euglycemic-hyperinsulinemic clamp test, the quantitative insulin
sensitivity check index, HOMA-IR, 1/insulin, and Matusda
index (10). Although the euglycemic-hyperinsulinemic clamp
test is considered to be an accurate and reliable method for
the assessment of IR, such a test is time consuming, complex,
and carries an increased financial running cost, rendering it
a challenge for such a test to be implemented and promoted
within routine clinical practice (11, 12). HOMA-IR has become
the most commonly used indicator for the clinical assessment
of IR (13). Triglyceride glucose (TyG) index derived from
triglyceride and glucose, which was recently proposed as
a reliable and inexpensive biomarker for predicting IR (as
an alternative to euglycemic-hyperinsulinemic clamp test and
HOMA-IR evaluation), has been used within the clinical setting
and subject to focus by cardiovascular disease researchers (14).
Recent investigations provided further evidence for the clinical
manifestation risk of CHEF, together with hypertension, ischemic
stroke, arteriosclerosis, diabetes, and coronary heart disease being
correlated with TyG index (15, 16). However, it is unclear
whether the TyG index can predict the occurrence of heart
failure. To answer this question, this study focused on the
cohort from the Coronary Artery Risk Development in Young
Adults (CARDIA) study to longitudinally observe whether

Abbreviations: CARDIA, Coronary Artery Risk Development in Young Adults;
TyG, Triglyceride-glucose; HOMA-IR, Homeostasis model assessment-insulin
resistance; CHE, Congestive heart failure; ROC, Receiver operating characteristic;
HR, Hazard ratio; CI, Confidence interval; AUC, Area under the curve; IR,
Insulin resistance; BMI, Body mass index; eGFR, Estimate the glomerular filtration
rate; CKD, Chronic kidney disease; LDL-C, Low-density lipoprotein cholesterol;
HDL-C, High-density lipoprotein cholesterol; TC, Total cholesterol.

there was an association between the TyG index/HOMA-IR
and CHF. In addition, this study evaluated whether the TyG
index could replace HOMA-IR as the main classifier of IR for
predicting CHF event risk.

MATERIALS AND METHODS

Study Population

From 1985 to 1986 (year 0), the CARDIA multi-center
randomized, prospective cohort study was conducted, enrolling
5,115 African-American and Whites aged 18-30 years from
the general population or selected census areas from four
research centers in the United States. All participants were
investigated at years 2, 5, 7, 10, 15, 20, 25, and 30, respectively.
The institutional review committee from each research center
accepted the research scheme and informed consent from all
individual cohort participants was obtained in writing. The
baseline data for this study used the 0-year examination data,
for a total of 5,114 participants (one patient withdrew consent).
Following the exclusion of patients with incomplete clinical data
(missing fasting blood glucose, triglyceride, insulin, and missing
endpoint records), a total of 4,992 patients formed part of the
final analytical queue (Supplementary Figure 1). Patients were
grouped into four groups, depending on the TyG index quartiles.

Triglyceride-Glucose Index, Homeostasis
Model Assessment-Insulin Resistance,

and Congestive Heart Failure

Participants at 0 year fasted for at least 8 h, immediately
followed by blood collection using an EDTA vacuum vessel.
Consequently, plasma was isolated and frozen at -70°C prior
to shipping to the laboratory using dry ice. Glucose was
determined at baseline using hexokinase UV, calibrated, and
followed by the enzymatic analysis of triglyceride levels (17).
The TyG index was determined as: Ln [fasting triglycerides
(mg/dl) x fasting blood glucose (mg/dl)/2] (18). HOMA-IR was
determined as: fasting blood glucose (mmol/L) x fasting serum
insulin (WU/ml)/22.5 (19).

Diagnostic validation of CHF necessitated a finalized CHF
diagnosis by a physician, together with the implementation
of CHF clinical management protocols during the patient
hospitalization period (ie., diuretic/s + digoxin/Glycerin
tri-nitrate, hydralazine, ~ACE-inhibitor/s, or angiotensin
receptor blocker/s). All patients were monitored until an
endpoint of August 2017.
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Covariates

Covariates included in the present analysis were obtained
through established protocols/quality assurance processes
throughout all centers involved (20). The education level
was stratified as high school or less and more high school.
Smoking status was stratified as present and present non-
smoking (such as past and never smoking). Hypertension
was deemed present upon a systolic blood pressure
of > 130 mmHg, diastolic blood pressure of > 90 mmHg,
or current consumption of anti-hypertension drug/s (21).
Obesity was deemed present upon a body mass index
(BMI) > 30 kg/m? (22). The dietary modification study
equation for renal disease diet was implemented in this study
to estimate the glomerular filtration rate (eGFR) within serum
creatinine: eGFR (ml/min/1.73 m?) = 175 x standardized
Scr 115 x age™0293 x 1212 [if African-American] x 0.742
[if female]. Participants with eGFR < 60 ml/min/1.73 m?
were deemed to have chronic kidney disease (CKD) (23, 24).
Detailed descriptions of measurements for total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides, serum
creatinine, and fasting plasma glucose for all participants were
previously published.

Statistical Analyses

Normally distributed continuous data were represented by
mean and standard deviation (SD), while non-normally
distributed continuous data were represented by median
with interquartile range (IQR). Categorical variables reported
percentage frequency. Participants were classified into four
groups according to the quartiles of the TyG index. Wilcoxon
or Kruskal-Wallis test were employed for analyzing group
variations for continuous variables, while the chi-square test
was employed for categorical variables. Smooth curve fittings
and scatter plots were used to address the relationship between
the TyG index and HOMA-IR. The Cox proportional-hazard
regression model was employed to determine hazard ratio (HR)
and 95% CI for CHF events by quartiles of the TyG index, and
HOMA-IR, respectively. The proportional hazard assumption
was evaluated by the visualization of Schoenfeld residuals, where
such analytical outcomes indicated no evidence of assumption
breaches (Supplementary Table 1). Multi-collinearity was
investigated using variance inflation factors, while TC was
removed as a significant variance inflation factor (>5). Three
models were fitted: model 1 was not adjusted; model 2 was
adjusted for age, sex, and race; and model 3 was adjusted for
variables included in the model 2 and education level, smoking
status, hypertension, diabetes mellitus, hypercholesteremia,
systolic and diastolic blood pressure, obesity, CKD, HDL-C,
and LDL-C. Trend p-values were evaluated by a median value
within each quartile, as a continuous variable. Kaplan-Meier
curve data outcomes were employed for determining the
cumulative incidence of CHF events through both the TyG
index and HOMA-IR quartiles, with estimation variations
being comparatively analyzed through log-rank protocols.
The receiver operating characteristic (ROC) curve and area

under the curve (AUC) were used to assess both the TyG
index-based and HOMA-IR-based capacity for predicting CHF
event risk during follow-up. The participants were divided
into subgroups according to sex, race, education, obesity,
smoking status, hypertension, and CKD status. The results were
scrutinized following adjustments for age, sex, race, education,
obesity, smoking status, hypertension, diabetes mellitus,
hypercholesteremia, CKD, LDL-C, and HDL-C, except for the
subgroup variable. All statistical analyses were conducted using
R® software (version 4.0.3).! The study deemed that p-values less
than 0.05 (bilateral) conferred statistical significance.

RESULTS

Table 1 shows the baseline characteristics for the total-
participating patient cohort, together with the quartile TyG
index. During a median (IQR) follow-up of 31 (30.8-31.2) years,
64 out of 4,992 participants (1.3%) developed CHE with an
annual incidence of 41.4/100,000 individuals. With the increase
in the quartile of the TyG index of participants, the CHF events
increased significantly, from 20.7/100,000 individuals in quartile
Q1 to 82.7/100,000 in quartile Q4. The median (IQR) of the
TyG index quartiles were 7.3 (7.1-7.4), 7.7 (7.6-7.8), 8.0 (7.9-
8.1), and 8.4 (8.3-8.7), respectively. With decreasing quartiles
of TyG index, the prevalence of obesity, hypercholesteremia,
hypertension, and current smoking were progressively higher (all
p < 0.001), paralleling the progressive increase of triglycerides,
systolic and diastolic blood pressure, HOMA-IR, insulin, HDL-C,
LDL-C, TC, and fasting blood glucose (all p < 0.001). Conversely,
the proportion of women and Whites was progressively lower
with the increasing quartiles of the TyG index (all p < 0.001).

The scatter plots and smooth curve fittings in Figure 1
demonstrated the relationship between TyG index and HOMA-
IR, where the TyG index was intimately linked to HOMA-IR
(R=10.339,p < 0.001).

On completing risk analysis, the cumulative CHF incidence
among the TyG index and HOMA-IR quartile are illustrated in
Figure 2. Participants in the quartile of the TyG index Q4 were
at an increased risk of CHF events in comparison to the Q1
group throughout the clinical monitoring timeframe (log-rank
test, p < 0.001; Figure 2A). Similar results were observed for
HOMA-IR (Figure 2B).

The risk of CHF events was increased, with a per-unit
increase in the TyG index and HOMA-IR illustrated in Table 2.
In the non-adjusted model (model 1), per-unit increase in
the TyG index correlated to a threefold increase for the risk
of CHF (HR 3.0, 95% CI 2.1-4.4). In model 2, adjusted
according to race, sex, and age, per-unit increase in the TyG
index increased the risk of CHF by a 3.4-fold (HR 3.4, 95%
CI 2.3-5.0). In model 3, the risk of CHF event with a per-
unit increase in the TyG index was still considerable post-
modification for possible confounding factors, with the HR
being 2.8-fold (HR 2.8, 95% CI 1.7-4.7). The values of HR for
HOMA-IR Models 1, 2, and 3 were 1.2, 1.2, and 1.2, respectively

'http://www.R-project.org/
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TABLE 1 | Clinical characteristics of the study population according to the TyG index.

Variables Overall Quartiles of TyG index P-value
Q1 Q2 Q3 Q4
No. of participants 4,992 1,247 1,246 1,251 1,248
TyG index 7.8(7.5-8.2) 7.3(7.1-7.4) 7.7 (7.6-7.8) 8.0 (7.9-8.1) 8.4 (8.3-8.7) < 0.001
Age, year 25.0 (22.0-28.0) 25.0 (22.0-28.0) 25.0 (22.0-28.0) 25.0 (22.0-28.0) 26.0 (23.0-28.0) <0.001
Female, n (%) 2721 (54.5%) 807 (64.7%) 737 (569.1%) 676 (54.0%) 501 (40.1%) <0.001
White, n (%) 2562 (51.3%) 754 (60.5%) 680 (54.6%) 618 (49.4%) 510 (40.9%) <0.001
More high school, n (%) 2989 (60.0%) 745 (59.9%) 747 (60.0%) 765 (61.2%) 732 (58.8%) 0.681
Obesity, n (%) 578 (11.6%) 77 (6.2%) 105 (8.5%) 148 (11.8%) 248 (20.0%) <0.001
Systolic BR, mmHg 110.0 (103.0-118.0) 107.0 (101.0-115.0) 108.0 (102.0-116.0) 110.0 (104.0-118.0) 113.0 (106.0-121.0) <0.001
Diastolic BP, mmHg 68.0 (62.0-75.0) 67.0 (62.0-72.0) 67.0 (62.0-74.0) 69.0 (63.0-75.0) 70.0 (64.0-77.0) <0.001
Current smoking, n (%) 1521 (30.5%) 296 (23.8%) 387 (31.1%) 378 (30.2%) 460 (36.9%) <0.001
Diabetes mellitus, n (%) 37 (0.7%) 7 (0.6%) 6 (0.5%) 6 (0.5%) 18 (1.5%) <0.001
Hypertension, n (%) 975 (19.5%) 182 (14.6%) 185 (14.8%) 263 (21.0%) 345 (27.6%) <0.001
Hypercholesteremia, n 102 (2.1%) 16 (1.3%) 15 (1.2%) 24 (2.0%) 47 (3.9%) <0.001
(%)
CKD, n (%) 159 (3.2%) 34 (2.7%) 35 (2.8%) 42 (3.4%) 48 (3.8%) 0.351
HDL-C, mg/dL 52.0 (44.0-61.0) 56.0 (50.0-66.0) 54.0 (47.0-63.0) 51.0 (44.0-59.0) 44.0 (37.0-53.0) <0.001
TC, mg/dL 174.0 (1563.0-197.0) 163.0 (144.0-182.0) 169.0 (150.0-189.8) 176.0 (157.0-200.0) 188.0 (167.0-214.0) <0.001
LDL-C, mg/dL 106.0 (87.0-127.0) 97.0 (80.0-115.0) 102.0 (85.0-121.0) 110.0 (91.0-131.5) 119.0 (97.0-140.0) <0.001
Triglycerides, mg/dL 62.0 (45.0-84.0) 38.0 (32.5-42.0) 53.0 (49.0-58.0) 71.0 (66.0-78.0) 108.0 (93.0-140.0) <0.001
Fasting glucose, mg/dL 81.0 (77.0-87.0) 78.0 (74.0-83.0) 81.0 (76.0-85.0) 82.0 (78.0-87.0) 85.0 (80.0-91.0) <0.001
HOMA-IR 1.8 (1.2-2.7) 1.4 (1.0-2.0) 1.6 (1.1-2.4) 1.9 (1.3-2.7) 2.4 (1.5-3.6) <0.001
Insulin, pU/mL 8.8 (6.1-13.0) 7.3 (56.1-10.2) 8.1 (5.8-11.6) 9.3 (6.4-13.5) 11.2 (7.4-16.9) <0.001
Follow-up time, years 31.0 (30.8-31.2) 31.0 (30.8-31.2) 31.0 (30.8-31.2) 31.0 (30.8-31.2) 31.0(30.8-31.2) <0.001
CHF 64 (1.3%) 8(0.6%) 10 (0.8%) 14 (1.1%) 32 (2.6%) <0.001
Incidence rate 41.4 20.7 25.9 36.1 82.7 <0.001

per 100,000

Values are presented as Median (interquartile range, IQR) or number (%). Abbreviations: BMI, body mass index; Systolic BF, systolic blood pressure; Diastolic BF, diastolic
blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TyG, Triglyceride-glucose; TC, total cholesterol; CKD, chronic
kidney diseases; HOMA-IR, homeostasis model assessment-insulin resistance;, CHF, congestive heart failure.
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FIGURE 1 | The association between the TyG index and HOMA-IR. The association between the TyG index and HOMA-IR. (A) Each black point represents a
sample. (B) A solid black line represents the smooth curve fit between variables. The gray area represents the 95% of confidence interval (Cl) from the fit.

(p < 0.001). The risk of CHF events was still significant,
based on the TyG index and the quartile of HOMA-IR (p-

trend < 0.001).

Data outcomes from subgroup evaluations are illustrated
in Figure 3. No significant interactions by sub-groups were

observed for the association between sex and race, education

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 944258


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zeng et al.

TyG Index, HOMA-IR and CHF

A we TyG indexQl B we=  HOMA-IRQI
0:03 = TYG indexQ2 = HOMA-IR Q2
we TYG indexQ3 = HOMA-IRQ3
we TyG indexQ4 w=  HOMA-IR Q4
0.02
o
§ 0.02 §
= s
QL >
ug Logrank P <0.001 "g Logrank P <0.001
= =
E E 001
ool 3
0.00 0.00
0 10 20 30 0 10 20 30
Time, years Time, years
FIGURE 2 | Kaplan—-Meier curves for incidence of CHF stratified by quartiles of TyG index (A) and HOMA-IR (B). Abbreviations: TyG, Triglyceride-glucose; HOMA-IR,
homeostasis model assessment-insulin resistance; CHF, congestive heart failure.

level, obesity, smoking status, hypertension, diabetes mellitus,
hypercholesteremia, or CKD status.

The AUCs of the TyG index and HOMA-IR to predict CHF
incidence were 0.675 (95% CI, 0.604-0.746) and 0.67 (95% CI,
0.6-0.742), respectively. However, such data outcomes did not
exhibit significant variations (p = 0.986) (Figure 4 and Table 3).

DISCUSSION

The main results of this prospective observational cohort study
of 4,992 young Americans revealed that the TyG index in

TABLE 2 | Hazard ratio (HR) and 95% confidence intervals (Cls) for CHF
according to the TyG index and HOMA-IR.

Variables HR (95% CI)

Model 1 Model 2 Model 3
Quartiles of TyG index
Q1 1 (reference) 1 (reference) 1 (reference)
Q2 1.3(0.5,3.2) 1.3(0.51, 8.3) 1.2(0.5,3.1)
Q3 1.8 (0.8, 4.3) 2.0(0.8, 4.6) 1.7 (0.7, 4.1)
Q4 4.2(2.0,9.1) 4.8 (2.2, 10.6) 3.4 (1.4,8.0)
p-trend <0.001 <0.001 <0.001
TyG index 3.0(2.1,4.4) 3.4(2.3,5.0) 2.8(1.7,4.7)
Quartiles of HOMA-IR
Q1 1 (reference) 1 (reference) 1 (reference)
Q2 1.6 (0.6,4.1) 1.7 (0.6, 4.3 1.7 (0.6, 4.3)
Q3 1.4 (0.6, 3.8) 1.6 (0.6, 4.0 1.3(0.5,3.5)
Q4 5.3 (2.4, 11.9) 4.4 (2.0, 10.0) 3.2(1.3,7.9
p-trend <0.001 <0.001 <0.001
HOMA-IR 1.2(1.1,1.2) 1.2(1.1,1.2) 1.2(1.1,1.3)

Model 1 does not adjust covariates. Model 2: adjusted for age, sex and
race. Model 3: model 2 + adjusted for education, obesity, smoking status,
hypertension, diabetes mellitus, hypercholesteremia, CKD, LDL-C and HDL-C.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TyG, Triglyceride-glucose; CKD, chronic kidney diseases;
HOMA-IR, homeostasis model assessment-insulin resistance; CHF, chronic heart
failure.

young adulthood was positively correlated with the incidence of
CHE both pre-and post-adjustments for confounders, and this
correlation remained stable even on subgroup analyses, rendering
the TyG index to be a potential independent risk factor for CHF.
In addition, this investigation validated HOMA-IR as a separate
independent risk factor for CHEF, in agreement with results
previously described in scientific literature. Finally, the study
analyzed the AUC of CHF incidence based on the TyG index and
HOMA-IR. Through comparative analyses, the TyG index shares
the same predicative value as HOMA-IR in predicting CHF
incidence. TyG index can be employed as a surrogate marker
for IR to predict CHF incidence. The results of this extended,
prospective, observational investigation have substantial weight
in aiding CHF prophylaxis.

It is well acknowledged that IR is intimately linked to
the development of heart failure. IR was first identified to
be separately linked with the risk of heart failure following
the Uppsala longitudinal study of adult men over the age of
70 years (25). In addition, it was reported that IR was capable of
predicting the occurrence risk of ventricular systolic and diastolic
dysfunction within 20 years among men in their 50s (26, 27).
The analyses of IR require complex methods that are challenging
to obtain during routine clinical practice (28). HOMA-IR is
commonly used for testing IR (13). However, there is no routine
measurement of insulin concentration in clinical practice, which
leads to HOMA-IR being unsuitable for large-scale clinical
implementation. The TgY index is indicative of the metabolic
level of triglycerides and glucose, which was first proposed by
Simental-Mendia et al. stating that the TyG index can replace
the euglycemic-hyper-insulinemic clamp test and HOMA-IR to
evaluate IR in healthy participants (18, 29). An increased TyG
index is associated with the occurrence of CHE possibly since
IR is recognized as a pivotal player in abnormal glucolipid
metabolism (30). Under IR, insulin-mediated glucose uptake in
myocytes and adipocytes is impaired, the inhibition against liver
glucose production and lipolysis is weakened, while the levels
of plasma glucose and triglycerides are increased (31, 32). The
increase in blood glucose levels can cause myocardial fibrosis,
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Parameters N HR P value P forinteraction
Sex —— 2.9(2,4.3) 0.7708
Male —— 2271 3.1(1.9,4.9) <0.0001
Female ———— 2721 2.7(1.5.5.1) 0.0014
Education level —— 2.8(1.9,4) 0.1619
High school orless ——— 1995 2.2(13,3.7) 0.0027
Moer highschool e 2989 3.8(2.2,6.6) <0.0001
Race —— BES(2HA555)) 0.3275
Bl I — 2430 2.6(1,6.5) 0.0466
White R 2562 42(195) <0.0001
Hypertension —— 2.8(1.9.4) 0.5418
NO ——— 4017 3.1(1.9,5) <0.0001
YES P N— 975 2.4(1.4,43) 0.0023
Obesity —— 2.6(1.8,3.8) 0.5151
NO — 4397 2.9(1.8,4.7) <0.0001
YES - s 578 2.2(12,4.1) 0.0113
Smoking status —— 29(24.3) 0.5227
Not smokingnow — 3468 2.6(1.6,4.4) 0.0003
Current moking — 1521 3.3(2,5.6) <0.0001
CKD —— 3(2.14.4) 0.8009
NO —— 4822 3(2.1,4.4) <0.0001
YES P 159 3.7(0.8,15.9) 0.084
[ I T TTTT
01 2 4 8 16
FIGURE 3 | The association of CHF and the TyG index by a subgroup analysis. The association of CHF and the TyG index by a sub-group analysis. Data are hazard
ratios (HRs) and 95% confidence limits (95% CLs). The participants were divided into subgroups according to sex, race, education, obesity, smoking status,
hypertension, and CKD. The results were evaluated after adjusted for age, sex, race, education, obesity, smoking status, hypertension, diabetes mellitus,
hypercholesteremia, CKD, LDL-C, and HDL-C except for the sub-group variable. Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; TyG, Triglyceride-glucose; CKD, chronic kidney diseases; HOMA-IR, homeostasis model assessment-insulin resistance; CHF, congestive
heart failure.

increased stiffness, and myocardial remodeling, typically leading
to the occurrence and development of heart failure (1). Previous
studies have also confirmed a positive correlation between the
increase in triglycerides and the development of heart failure (33).

Meanwhile, the TyG index is correlated with various risk
factors for heart failure. In a 9-year follow-up cohort study on
hypertension in China, the TyG index predicted the incidence
of hypertension (34). Acute coronary syndrome, hypertension,
diabetes mellitus, and other factors can cause cardiac function
and structural disorders, leading to heart failure (35, 36).

A recent investigation on 546 patients with CHF and type II
diabetes mellitus discovered a higher rate of heart failure re-
hospitalization and cardiovascular mortality with the TyG index
of 9.06, when compared with the TyG index of 8.55 (37). In a
study of patients undergoing echocardiography at a hospital in
southern Taiwan Province, China, Chiu et al. highlighted a high
TyG index to be associated with an increased left atrial diameter
and a reduced left ventricular ejection fraction (38). Furthermore,
this investigation revealed the predictive value of HOMA-IR
on CHF. The increased risk of CHF in the high HOMA-IR
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population has already been demonstrated in previous studies
on patients with diabetes mellitus combined with chronic renal
disease, though without coronary heart disease (39). However,
this study demonstrated that if individuals are presented with
high HOMA-IR despite being young and healthy, their risks of
CHEF in the future are also increased. The same finding was
discovered in the long-term follow-up study of 15,792 cases
(aged—45-64 years) by Vardeny et al,, stating that HOMA-IR is
an independent predictor of heart failure (9). According to Kishi
et al., increased IR in young people is an important life-long risk
of left ventricular re-modeling and dysfunction in adulthood (40).

This study also demonstrated that the TyG index and HOMA-
IR had similar predictive powers for CHF events, with AUC
values [0.675 (95% CI, 0.604-0.746) vs. 0.67 (95% CI, 0.6-0.742)
p = 0.986]. HOMA-IR was employed to assess the relationship
between IR and disease (41). However, the TyG index in clinical
practice is simpler to perform, rather than HOMA-IR detection,
and is cheaper and easier to obtain. Therefore, the TyG index
has added advantages in comparison to HOMA-IR regarding the
clinical evaluation and prediction of CHF. The TyG index can be
used as an alternative index to predict heart failure events.

TABLE 3 | The area under the curve (AUC) of the TyG index and HOMA-IR to
predict CHF incidence.

Variables AUC (95%Cl) P-value*
HOMA-IR 0.670 (0.600-0.742) Reference
TyG index 0.675 (0.604-0.746) 0.986

Asterisk compared with HOMA-IR. Abbreviations: TyG, Triglyceride-glucose;
HOMA-IR, homeostasis model assessment-insulin resistance; CHF, congestive
heart failure.

We are aware of several limitations in our study. The CARDIA
study recruited only young people at the beginning of the
research and did not consider people of differing ages and
constitutions. Moreover, CARDIA data analysis by ethnicity
was limited to African-American and white-American adult
individuals, and therefore, such results cannot be cautious to
other ethnic groups. Future studies are needed to assess the
prevalence of CHF in other ethnicities as well as in children,
athletes, and in individuals with specific diseases. Finally, the
study did not compare the euglycemic-hyperinsulinemic clamp
test (the gold standard for measuring IR) with the TyG index.

CONCLUSION

This study suggests that the TyG index and HOMA-IR in young
adulthood are independent risk factors for the development of
CHF. However, the TyG index can be easily popularized in
clinical practice by low-cost experimental analyses. Heart failure
is a major cause of global mortality, resulting in serious economic
and social burden. Early identification and intervention of people
with an increased TyG index can reduce the incidence of CHF. In
view of the increasing prevalence of abnormal glucose and lipid
metabolism and high IR, these findings are of great significance

to public health.

DATA AVAILABILITY STATEMENT

The original contributions presented in this study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 944258


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zeng et al.

TyG Index, HOMA-IR and CHF

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

XZ and DH performed data analysis and wrote the manuscript.
HBZ, XW, and YX contributed to the analysis plan and
reviewed and edited the manuscript. QZ, YB, XH, HZ, ZM,
and QCZ contributed to the discussion. DX and HR had
full access to all of the data in the study, reviewed, edited
the manuscript, and took responsibility for the integrity

REFERENCES

1. Bloom MW, Greenberg B, Jaarsma T, Januzzi JL, Lam CSP, Maggioni AP,
et al. Heart failure with reduced ejection fraction. Nat Rev Dis Primers. (2017)
3:17058. doi: 10.1038/nrdp.2017.58

2. Braunwald E. Heart failure. JACC Heart Fail. (2013) 1:1-20. doi: 10.1016/j.jchf.
2012.10.002

3. HuangY, SuL, Cai X, Mai W, Wang S, Hu Y, et al. Association of all-cause and
cardiovascular mortality with prehypertension: a meta-analysis. Am Heart J.
(2014) 167:160.e-8.e. doi: 10.1016/j.ahj.2013.10.023

4. Riehle C, Abel ED. Insulin signaling and heart failure. Circ Res. (2016)
118:1151-69. doi: 10.1161/CIRCRESAHA.116.306206

5. AlZadjali MA, Godfrey V, Khan F, Choy A, Doney AS, Wong AK, et al. Insulin
resistance is highly prevalent and is associated with reduced exercise tolerance
in nondiabetic patients with heart failure. ] Am Coll Cardiol. (2009) 53:747-53.
doi: 10.1016/j.jacc.2008.08.081

6. Swan JW, Anker SD, Walton C, Godsland IF, Clark AL, Leyva E et al. Insulin
resistance in chronic heart failure: relation to severity and etiology of heart
failure. ] Am Coll Cardiol. (1997) 30:527-32. doi: 10.1016/s0735-1097(97)
00185-x

7. Zhang L, Jaswal JS, Ussher JR, Sankaralingam S, Wagg C, Zaugg M,
et al. Cardiac insulin-resistance and decreased mitochondrial energy
production precede the development of systolic heart failure after pressure-
overload hypertrophy. Circ Heart Fail. (2013) 6:1039-48. doi: 10.1161/
CIRCHEARTFAILURE.112.000228

8. Voulgari C, Tentolouris N, Dilaveris P, Tousoulis D, Katsilambros N,
Stefanadis C. Increased heart failure risk in normal-weight people with
metabolic syndrome compared with metabolically healthy obese individuals.
J Am Coll Cardiol. (2011) 58:1343-50. doi: 10.1016/j.jacc.2011.04.047

9. Vardeny O, Gupta DK, Claggett B, Burke S, Shah A, Loehr L, et al. Insulin
resistance and incident heart failure the ARIC study (Atherosclerosis Risk in
Communities). JACC Heart Fail. (2013) 1:531-6. doi: 10.1016/j.jchf.2013.07.
006

10. Muniyappa R, Lee S, Chen H, Quon M]J. Current approaches for assessing
insulin sensitivity and resistance in vivo: advantages, limitations, and
appropriate usage. Am ] Physiol Endocrinol Metab. (2008) 294:E15-26. doi:
10.1152/ajpendo.00645.2007

11. Kim JK. Hyperinsulinemic-euglycemic clamp to assess insulin sensitivity
in vivo. Methods Mol Biol. (2009) 560:221-38. doi: 10.1007/978-1-59745-448-
3_15

12. Zhao Q, Zhang TY, Cheng YJ, Ma Y, Xu YK, Yang JQ, et al. Triglyceride-
glucose index as a surrogate marker of insulin resistance for predicting
cardiovascular outcomes in nondiabetic patients with non-ST-segment
elevation acute coronary syndrome undergoing percutaneous coronary
intervention. ] Atheroscler Thromb. (2020) 28:1175-94. doi: 10.5551/jat.59840

13. Qu HQ, Li Q, Rentfro AR, Fisher-Hoch SP, McCormick JB. The definition
of insulin resistance using HOMA-IR for Americans of Mexican descent

of the data and the accuracy of the data analysis. All
authors contributed to the article and approved the submitted
version.

ACKNOWLEDGMENTS

We are grateful to the investigators, the staff, and the participants
of the CARDIA study for their highly valued contributions.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2022.944258/full#supplementary- material

using machine learning. PLoS One. (2011) 6:€21041. doi: 10.1371/journal.
pone.0021041

14. Alizargar J, Bai CH, Hsieh NC, Wu SV. Use of the triglyceride-glucose index
(TyG) in cardiovascular disease patients. Cardiovasc Diabetol. (2020) 19:8.
doi: 10.1186/512933-019-0982-2

15. Su WY, Chen SC, Huang YT, Huang JC, Wu PY, Hsu WH, et al. Comparison
of the effects of fasting glucose, hemoglobin A(lc), and triglyceride-glucose
index on cardiovascular events in type 2 diabetes mellitus. Nutrients. (2019)
11:11112838. doi: 10.3390/nul1112838

16. Zhu B, Wang ], Chen K, Yan W, Wang A, Wang W, et al. A high triglyceride
glucose index is more closely associated with hypertension than lipid or
glycemic parameters in elderly individuals: a cross-sectional survey from the
Reaction Study. Cardiovasc Diabetol. (2020) 19:112. doi: 10.1186/s12933-020-
01077-6

17. Meyer KA, Benton TZ, Bennett BJ, Jacobs DR Jr., Lloyd-Jones DM, Gross MD,
et al. Microbiota-dependent metabolite trimethylamine N-oxide and coronary
artery calcium in the coronary artery risk development in young adults
study (CARDIA). ] Am Heart Assoc. (2016) 5:3970. doi: 10.1161/JAHA.116.00
3970

18. Guerrero-Romero E Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-
Abundis E, Ramos-Zavala MG, Herndndez-Gonzalez SO, et al. The product of
triglycerides and glucose, a simple measure of insulin sensitivity. Comparison
with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. (2010)
95:3347-51. doi: 10.1210/jc.2010-0288

19. Tohidi M, Baghbani-Oskouei A, Ahanchi NS, Azizi F, Hadaegh F. Fasting
plasma glucose is a stronger predictor of diabetes than triglyceride-glucose
index, triglycerides/high-density lipoprotein cholesterol, and homeostasis
model assessment of insulin resistance: tehran Lipid and Glucose Study. Acta
Diabetol. (2018) 55:1067-74. doi: 10.1007/s00592-018-1195-y

20. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs DR
Jr., et al. CARDIA: study design, recruitment, and some characteristics of the
examined subjects. J Clin Epidemiol. (1988) 41:1105-16. doi: 10.1016/0895-
4356(88)90080-7

21. Reboussin DM, Allen NB, Griswold ME, Guallar E,
Y, Lackland DT, et al. Systematic review for the
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and management
of high blood pressure in adults: a report of the American College
of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Circulation. (2018) 138:¢595-616. doi: 10.1161/CIR.
0000000000000601

22. Flegal KM, Ogden CL, Fryar C, Afful ], Klein R, Huang DT. Comparisons of
self-reported and measured height and weight, BMI, and obesity prevalence
from national surveys: 1999-2016. Obesity. (2019) 27:1711-9. doi: 10.1002/
oby.22591

23. Levey AS, Coresh ], Greene T, Stevens LA, Zhang YL, Hendriksen S, et al.
Using standardized serum creatinine values in the modification of diet in renal

Hong
2017

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 944258


https://www.frontiersin.org/articles/10.3389/fcvm.2022.944258/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.944258/full#supplementary-material
https://doi.org/10.1038/nrdp.2017.58
https://doi.org/10.1016/j.jchf.2012.10.002
https://doi.org/10.1016/j.jchf.2012.10.002
https://doi.org/10.1016/j.ahj.2013.10.023
https://doi.org/10.1161/CIRCRESAHA.116.306206
https://doi.org/10.1016/j.jacc.2008.08.081
https://doi.org/10.1016/s0735-1097(97)00185-x
https://doi.org/10.1016/s0735-1097(97)00185-x
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000228
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000228
https://doi.org/10.1016/j.jacc.2011.04.047
https://doi.org/10.1016/j.jchf.2013.07.006
https://doi.org/10.1016/j.jchf.2013.07.006
https://doi.org/10.1152/ajpendo.00645.2007
https://doi.org/10.1152/ajpendo.00645.2007
https://doi.org/10.1007/978-1-59745-448-3_15
https://doi.org/10.1007/978-1-59745-448-3_15
https://doi.org/10.5551/jat.59840
https://doi.org/10.1371/journal.pone.0021041
https://doi.org/10.1371/journal.pone.0021041
https://doi.org/10.1186/s12933-019-0982-2
https://doi.org/10.3390/nu11112838
https://doi.org/10.1186/s12933-020-01077-6
https://doi.org/10.1186/s12933-020-01077-6
https://doi.org/10.1161/JAHA.116.003970
https://doi.org/10.1161/JAHA.116.003970
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1007/s00592-018-1195-y
https://doi.org/10.1016/0895-4356(88)90080-7
https://doi.org/10.1016/0895-4356(88)90080-7
https://doi.org/10.1161/CIR.0000000000000601
https://doi.org/10.1161/CIR.0000000000000601
https://doi.org/10.1002/oby.22591
https://doi.org/10.1002/oby.22591
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zeng et al.

TyG Index, HOMA-IR and CHF

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

disease study equation for estimating glomerular filtration rate. Ann Intern
Med. (2006) 145:247-54. doi: 10.7326/0003-4819- 145-4-200608150-00004
Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence
of chronic kidney disease in the United States. JAMA. (2007) 298:2038-47.
doi: 10.1001/jama.298.17.2038

Mai L, Wen W, Qiu M, Liu X, Sun L, Zheng H, et al. Association between
prediabetes and adverse outcomes in heart failure. Diabetes Obes Metab. (2021)
23:2476-83. doi: 10.1111/dom.14490

Arnlov ], Lind L, Sundstrom J, Andrén B, Vessby B, Lithell H. Insulin
resistance, dietary fat intake and blood pressure predict left ventricular
diastolic function 20 years later. Nutr Metab Cardiovasc Dis. (2005) 15:242-9.
doi: 10.1016/j.numecd.2004.10.002

Arnlov ], Lind L, Zethelius B, Andrén B, Hales CN, Vessby B, et al. Several
factors associated with the insulin resistance syndrome are predictors of
left ventricular systolic dysfunction in a male population after 20 years
of follow-up. Am Heart ]. (2001) 142:720-4. doi: 10.1067/mh;j.2001.11
6957

Irace C, Carallo C, Scavelli FB, De Franceschi MS, Esposito T, Tripolino C,
et al. Markers of insulin resistance and carotid atherosclerosis. A comparison
of the homeostasis model assessment and triglyceride glucose index. Int J Clin
Pract. (2013) 67:665-72. doi: 10.1111/ijcp.12124

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

Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuniga FA. Association
between insulin resistance and the development of cardiovascular disease.
Cardiovasc Diabetol. (2018) 17:122. doi: 10.1186/s12933-018-0762-4

Zheng S, Qiu M, Wu JHY, Pan XFE Liu X, Sun L, et al. Long-chain omega-3
polyunsaturated fatty acids and the risk of heart failure. Ther Adv Chronic Dis.
(2022) 13:20406223221081616. doi: 10.1177/20406223221081616

Boucher J, Kleinridders A, Kahn CR. Insulin receptor signaling in normal
and insulin-resistant states. Cold Spring Harb Perspect Biol. (2014) 6:a009191.
doi: 10.1101/cshperspect.a009191

Halldin AK, Lissner L, Lernfelt B, Bjérkelund C. Cholesterol and triglyceride
levels in midlife and risk of heart failure in women, a longitudinal study: the
prospective population study of women in Gothenburg. BMJ Open. (2020)
10:¢036709. doi: 10.1136/bmjopen-2019-036709

Zheng R, Mao Y. Triglyceride and glucose (TyG) index as a predictor of
incident hypertension: a 9-year longitudinal population-based study. Lipids
Health Dis. (2017) 16:175. doi: 10.1186/512944-017-0562-y

35. Cai X, Liu X, Sun L, He Y, Zheng S, Zhang Y, et al. Prediabetes and the risk
of heart failure: a meta-analysis. Diabetes Obes Metab. (2021) 23:1746-53.
doi: 10.1111/dom.14388

36. Suthahar N, Lau ES, Blaha M]J, Paniagua SM, Larson MG, Psaty BM, et al.
Sex-specific associations of cardiovascular risk factors and biomarkers with
incident heart failure. ] Am Coll Cardiol. (2020) 76:1455-65. doi: 10.1016/j.
jacc.2020.07.044

37. Guo W, Zhao L, Mo FE, Peng C, Li L, Xu Y, et al. The prognostic value
of the triglyceride glucose index in patients with chronic heart failure and
type 2 diabetes: a retrospective cohort study. Diabetes Res Clin Pract. (2021)
2021:108786. doi: 10.1016/j.diabres.2021.108786

38. Chiu TH, Tsai HJ, Chiou HC, Wu PY, Huang JC, Chen SC. A high
triglyceride-glucose index is associated with left ventricular dysfunction and
atherosclerosis. Int ] Med Sci. (2021) 18:1051-7. doi: 10.7150/ijms.53920

39. Fragoso A, Mendes F Silva AP, Neves PL. Insulin resistance as a predictor of
cardiovascular morbidity and end-stage renal disease. J Diabetes Complicat.
(2015) 29:1098-104. doi: 10.1016/j.jdiacomp.2015.05.010

40. Kishi$, Gidding SS, Reis JP, Colangelo LA, Venkatesh BA, Armstrong AC, et al.
Association of insulin resistance and glycemic metabolic abnormalities with
LV structure and function in middle age: the CARDIA study. JACC Cardiovasc
Imaging. (2017) 10:105-14. doi: 10.1016/j.jcmg.2016.02.033

41. Winkler G. Real and misinterpretation of insulin resistance in the clinical
practice. Orv Hetil. (2020) 161:1088-93. doi: 10.1556/650.2020.31760

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zeng, Han, Zhou, Xue, Wang, Zhan, Bai, Huang, Zeng, Zhang,
Ma, Ren and Xu. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 944258


https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.1001/jama.298.17.2038
https://doi.org/10.1111/dom.14490
https://doi.org/10.1016/j.numecd.2004.10.002
https://doi.org/10.1067/mhj.2001.116957
https://doi.org/10.1067/mhj.2001.116957
https://doi.org/10.1111/ijcp.12124
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.1177/20406223221081616
https://doi.org/10.1101/cshperspect.a009191
https://doi.org/10.1136/bmjopen-2019-036709
https://doi.org/10.1186/s12944-017-0562-y
https://doi.org/10.1111/dom.14388
https://doi.org/10.1016/j.jacc.2020.07.044
https://doi.org/10.1016/j.jacc.2020.07.044
https://doi.org/10.1016/j.diabres.2021.108786
https://doi.org/10.7150/ijms.53920
https://doi.org/10.1016/j.jdiacomp.2015.05.010
https://doi.org/10.1016/j.jcmg.2016.02.033
https://doi.org/10.1556/650.2020.31760
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Triglyceride-Glucose Index and Homeostasis Model Assessment-Insulin Resistance in Young Adulthood and Risk of Incident Congestive Heart Failure in Midlife: The Coronary Artery Risk Development in Young Adults Study
	Introduction
	Materials and Methods
	Study Population
	Triglyceride-Glucose Index, Homeostasis Model Assessment-Insulin Resistance, and Congestive Heart Failure
	Covariates
	Statistical Analyses

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


