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Abstract 

Background Familial hypercholesterolemia (FH) is an inherited metabolic disorder with a high level of low‑density 
lipoprotein cholesterol and the worse prognosis. The triglyceride‑glucose (TyG) index, an emerging tool to reflect 
insulin resistance (IR), is positively associated with a higher risk of atherosclerotic cardiovascular disease (ASCVD) in 
healthy individuals, but the value of TyG index has never been evaluated in FH patients. This study aimed to deter‑
mine the association between the TyG index and glucose metabolic indicators, insulin resistance (IR) status, the risk of 
ASCVD and mortality among FH patients.

Methods Data from National Health and Nutrition Examination Survey (NHANES) 1999–2018 were utilized. 941 FH 
individuals with TyG index information were included and categorized into three groups: < 8.5, 8.5–9.0, and > 9.0. 
Spearman correlation analysis was used to test the association of TyG index and various established glucose metab‑
olism‑related indicators. Logistic and Cox regression analysis were used to assess the association of TyG index with 
ASCVD and mortality. The possible nonlinear relationships between TyG index and the all‑cause or cardiovascular 
death were further evaluated on a continuous scale with restricted cubic spline (RCS) curves.

Results TyG index was positively associated with fasting glucose, HbA1c, fasting insulin and the homeostatic model 
assessment of insulin resistance (HOMA‑IR) index (all p < 0.001). The risk of ASCVD increased by 74% with every 1 
unit increase of TyG index (95%CI: 1.15–2.63, p = 0.01). During the median 114‑month follow‑up, 151 all‑cause death 
and 57 cardiovascular death were recorded. Strong U/J‑shaped relations were observed according to the RCS results 
(p = 0.0083 and 0.0046 for all‑cause and cardiovascular death). A higher TyG index was independently associated with 
both all‑cause death and cardiovascular death. Results remained similar among FH patients with IR (HOMA‑IR ≥ 2.69). 
Moreover, addition of TyG index showed helpful discrimination of both survival from all‑cause death and cardiovascu‑
lar death (p < 0.05).
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Conclusion TyG index was applicable to reflect glucose metabolism status in FH adults, and a high TyG index was an 
independent risk factor of both ASCVD and mortality.

Keywords Triglyceride glucose index, Familial hypercholesterolemia, Insulin resistance, Atherosclerotic cardiovascular 
disease, All‑cause mortality

Introduction
Atherosclerosis cardiovascular disease (ASCVD) is the 
leading cause of death in both developed and develop-
ing countries [1]. Atherosclerotic plaque formation and 
development is the most important pathophysiological 
process in ASCVD, which is associated with endothe-
lial cell injury, inflammation, oxidative stress, lipid and 
other metabolic alterations, and thrombosis [2, 3]. Famil-
ial hypercholesterolemia (FH) is an inherited metabolic 
disorder resulting in lifetime exposure to high levels of 
low-density lipoprotein cholesterol (LDL-C) and con-
sequently, an elevated risk of ASCVD [4, 5]. However, 
despite the heavy cardiovascular metabolic burden, the 
prevalence of type 2 diabetes (T2D), another common 
risk factor of ASCVD, is lower in FH patients compared 
with unaffected relatives [6] or the normal popula-
tion [7, 8]. Given the idea, the glucolipid metabolism of 
FH patients seems to be different from normal persons, 
although there has not been convincing explanation. 
Besides, the combination of FH and T2D doubles the risk 
of cardiovascular disease in persons with FH [7, 8]. Given 
the glucolipid discord and the detrimental synergistic 
effects, it’s essential to verify the efficacy of established 
glucolipid metabolism-related biomarkers and develop 
novel biomarkers among FH patients [9].

The triglyceride-glucose (TyG) index, calculated as Ln 
(fasting triglycerides [TG, mg/dl] × fasting blood glucose 
[mg/dl]/2), is an emerging tool to reflect insulin resist-
ance (IR) [10]. IR is the earlier stage and principal charac-
teristic of T2D and also leads to a cluster of abnormalities 
including accelerated atherosclerosis, hypertension or 
polycystic ovarian syndrome [11, 12]. Recent studies 
revealed the relationship between TyG index and pro-
atherosclerotic factors such as inflammation, endothelial 
dysfunction, glucolipid metabolism disorders and throm-
bosis [13–15]. Therefore, it’s not surprising that the TyG 
index was positively associated with a higher prevalence 
of a series of diseases such as symptomatic coronary 
artery disease and all-cause mortality [10, 16]. However, 
the effects of IR (refer to higher TyG index) on cardiovas-
cular health, and the value of TyG index to reflect IR and 
glucose metabolic status as well as predict ASCVD and 
mortality risks in FH patients has not been evaluated. 
In view of the above, data from a nationally representa-
tive sample of FH individuals from National Health and 
Nutrition Examination Surveys (NHANES) were utilized 

to determine the association between the TyG index 
and glucose metabolic indicators, IR status, the risk of 
ASCVD and mortality among FH adults.

Methods
Study population
NHANES is a two-year-cycle cross-sectional survey con-
ducted by the Centers for Disease Control and Preven-
tion (CDC) of America, involving a home interview and 
a medical examination, offering demographics, socioeco-
nomic status, dietary and health information as well as 
physical and physiological measurements of U.S. popula-
tion [17]. NHANES study protocol was approved by The 
National Center for Health Statistics (NCHS) ethics com-
mittee (Protocol #2011–17, https:// www. cdc. gov/ nchs/ 
nhanes/ irba98. htm). Informed consent from all the par-
ticipants was obtained before participating.

There were 1456 out of 116876 participants in the sur-
vey diagnosed as FH in accordance with a Dutch Lipid 
Clinical Network (DLCN) index that was higher than or 
equal to 3 points, as described previously [18]. Among 
them, TyG index was available in 1120 individuals 
(n = 336 excluded). Participants (n = 179) were excluded 
due to loss of follow-up. Therefore, a total of 941 indi-
viduals (530 females and 411 males), is the final study 
population (Fig.  1). The study population was divided 
into 3 groups: < 8.5, 8.5–9.0, > 9.0 to make the participants 
number in the groups comparable, as reported previously 
[19].

Data collection
Information on socioeconomic conditions, behavior 
and history of diseases was obtained through ques-
tionnaires by experienced interviewers. Drinking was 
defined as having at least 12 alcohol drinks per year; 
smoking was defined as having smoked ≥ 100 cigarettes 
in life  [20]. History of ASCVD, hypertension or dia-
betes was defined as self-reported physician diagnosis 
[21]. History of ASCVD was defined as self-reported 
physician diagnosis. “Has a doctor or other health 
professional ever told {you/SP} that {you/s/he} had a 
coronary heart disease/angina, also called angina pec-
toris/heart attack (also called myocardial infarction)/
stroke?” was a question on the medical conditions sec-
tion of the household questionnaires via home inter-
view, and those who answered “yes” were deemed to 

https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
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have a history of ASCVD. Body mass index (BMI) was 
calculated using weight (kg)/height (m2). Income sta-
tus of the family was described with poverty-income 
ratio, which was the ratio of family income to the pov-
erty threshold. TyG index was calculated as Ln (fasting 
triglycerides [TG, mg/dl] × fasting blood glucose [mg/
dl]/2)  [10]. Laboratory results were obtained from 
serum specimens when they visited the mobile exami-
nation center and vials were stored under appropriate 
frozen (−  30  °C) conditions until they were shipped 
to National Center for Environmental Health for test-
ing [22]. The original homeostatic model assessment 
insulin resistance index (HOMA-IR) was calculated 
as fasting insulin × fasting blood glucose/22.5 [23]. 
Homeostatic model assessment insulin sensitivity index 
(HOMA-IS) was calculated as 1/HOMA-IR. Details 
for each variable measurement is published on the 
NHANES website [24].

Follow‑up and endpoints
The period of follow-up lasted from the date of the 
interview through the last follow-up time, Dec 31 2019, 
or the date of death, whichever came first. Records 
from the NDI provided information on these includ-
ing participants’ causes of death. The endpoints for this 
study included all-cause mortality and cardiovascular 
death, which encompassed cardiac death (e.g., sudden 
cardiac death and myocardial infarction) and vascular 
death (e.g., stroke) [1]. The median follow-up duration 

is 114  months (interquartile range, 57–159  months). 
The maximum follow-up duration is 248 months.

Statistical analysis
Data were analyzed using SPSS complex sample mod-
ule version 22.0 (IBM Corp, Armonk, NY) and R (ver-
sion 4.2.2). The Kolmogorov–Smirnov normality test 
was adopted to test the normality of continuous vari-
ables. Normally distributed variables were described with 
mean ± standard deviation (SD). Variance analysis was 
adopted to compare the mean levels while Chi-square 
tests were chosen to compare the percentages of categor-
ical variables across the different groups.

Spearman correlation analysis was used to test the 
association of TyG index and various established glu-
cose metabolism-related indicators (fasting blood glu-
cose, fasting insulin, HbA1c, HOMA-IR and HOMA-IS 
index. Both univariable and multivariable-adjusted 
logistic regression were used to calculate the odds ratio 
(OR) with 95% confidence interval (CI) for the rela-
tionship between TyG index and ASCVD. The possible 
nonlinear relationships between TyG index and the all-
cause or cardiovascular death were further evaluated 
on a continuous scale with restricted cubic spline (RCS) 
curves based on the multivariable Cox proportional 
hazards models, with four nodes at the fixed percen-
tiles of 5%, 35%, 65% and 95% of the distribution of TyG 
index. The event-free survival rates among the groups 
were estimated by the Kaplan–Meier method and com-
pared by the log-rank test. Cox regression analysis 

Fig. 1 Flowchart of the study population
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was used to assess the association between TyG index 
and mortality. The following variables were utilized as 
covariates in the study population: age, gender, BMI, 
smoke, drink, HOMA-IR, low-density lipoprotein 
cholesterol (LDL-C), creatinine and hypertension. To 
assess the added prognostic value of TyG index beyond 

the original model, C-index was calculated, using pre-
dict.coxph function to predict Cox model with predict 
value type = "survival". Furthermore, a sensitivity anal-
ysis was applied to further investigate the association of 
TyG index with ASCVD and mortality in FH patients 
with IR (HOMA-IR ≥ 2.69) [25]. A two-sided p < 0.05 
was considered statistically significant.

Table 1 Demographic characteristics of the study population

TyG, triglyceride-glucose index; SD, standard deviation; BMI, body mass index; DLCN, Dutch Lipid Clinical Network; DM, diabetes mellitus; IFG, impaired fasting blood 
glucose; IGT, impaired glucose tolerance; ASCVD, atherosclerotic cardiovascular diseases; DBP, diastolic blood pressure; SBP, systolic blood pressure; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; TG, total glyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein 
cholesterol

TyG < 8.5 (N = 204) TyG 8.5–9 (N = 311) TyG > 9 (N = 426) p value

Age (SD) (y.o.) 50.0 (15.5) 50.6 (16.0) 53.6 (14.4) 0.004

Female (%) 125 (61.3%) 164 (52.7%) 241 (56.6%) 0.159

Race (%)  < 0.001

 White 89 (43.6%) 163 (52.4%) 228 (53.5%)

 Black 64 (31.4%) 62 (19.9%) 57 (13.4%)

 Mexican American 13 (6.37%) 40 (12.9%) 70 (16.4%)

 Other 38 (18.6%) 46 (14.8%) 71 (16.7%)

 BMI (SD) (kg/m2) 28.6 (7.37) 29.3 (6.31) 30.4 (6.60) 0.004

 Poverty ratio (SD) 2.46 (1.65) 2.29 (1.56) 2.34 (1.55) 0.504

 DLCN score (SD) 3.51 (0.79) 3.57 (0.84) 3.61 (0.99) 0.397

DM status (%)  < 0.001

 DM 16 (7.92%) 38 (12.8%) 159 (39.2%)

 IFG 12 (5.94%) 32 (10.7%) 55 (13.5%)

 IGT 11 (5.45%) 26 (8.72%) 27 (6.65%)

 No 163 (80.7%) 202 (67.8%) 165 (40.6%)

Education status (%) 0.005

 College or above 108 (53.2%) 147 (47.4%) 165 (38.9%)

 High school or equivalent 50 (24.6%) 72 (23.2%) 111 (26.2%)

 Less than high school 45 (22.2%) 91 (29.4%) 148 (34.9%)

 Drink (%) 132 (64.7%) 187 (60.1%) 235 (55.2%) 0.064

 Smoke (%) 107 (52.7%) 176 (57.5%) 246 (57.7%) 0.748

 ASCVD (%) 59 (29.1%) 89 (29.1%) 146 (34.4%) 0.126

 Hypertension (%) 98 (48.0%) 145 (46.6%) 223 (52.3%) 0.275

 SBP (SD) (mmHg) 126 (23.0) 125 (19.3) 129 (20.7) 0.025

 DBP (SD) (mmHg) 71.8 (13.0) 70.7 (12.6) 72.1 (13.6) 0.388

 HbA1c (SD) (%) 5.5 (0.5) 5.7 (0.7) 6.5 (2.0)  < 0.001

 Fasting insulin (μU/mL) 9.15 (6.45) 13.9 (28.7) 16.6 (17.3)  < 0.001

Fasting glucose (SD) (mmol/L) 5.35 (0.66) 5.59 (0.93) 7.32 (3.56)  < 0.001

 HOMA‑IR index (SD) 2.22 (1.70) 3.52 (7.29) 5.61 (8.81)  < 0.001

 ALT (SD) (U/L) 23.9 (15.7) 26.8 (27.0) 34.2 (96.5) 0.139

 AST (SD) (U/L) 26.4 (21.6) 26.8 (31.2) 27.0 (18.7) 0.952

 Creatinine (SD) (μmol/L) 76.1 (22.3) 75.8 (26.3) 77.8 (32.4) 0.593

 Fasting TG (SD) (mg/dL) 79.3 (18.6) 128 (24.9) 216 (72.1)  < 0.001

 Fasting TC (SD) (mg/dL) 255 (56.5) 262 (53.0) 280 (60.6)  < 0.001

 HDL‑C (SD) (mg/dL) 61.2 (17.9) 52.3 (13.6) 47.9 (13.7)  < 0.001

 LDL‑C (SD) (mg/dL) 178 (53.3) 184 (49.0) 190 (55.7) 0.038
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Results
Demographic characteristics of the study population
Among the 941 FH participants in this study, 204 
(21.68%) had TyG index < 8.5 (low TyG index), 311 
(33.05%) had TyG index ≥ 8.5 and ≤ 9.0 (moderate TyG 
index), and 426 (45.27%) had TyG index > 9.0 (high TyG 
index; Table  1). As expected, those with higher TyG 
index had higher levels of fasting blood glucose, fast-
ing total glyceride (TG), fasting insulin, HbA1c and 
HOMA-IR index (all p < 0.001), in addition to higher 
occurrence rate of diabetes and impaired fasting blood 
glucose (IFG; p < 0.001) than those with lower TyG 
index. Besides, individuals with higher TyG index were 
also more likely to be older, white and had higher BMI, 
systolic blood pressure (SBP), fasting total cholesterol 
(TC) and LDL-C as well as lower high-density lipopro-
tein cholesterol (HDL-C; all p < 0.05) compared with 
those with relatively lower TyG index. There was no 
significant difference among the four groups in DLCN 
score, poverty-income ratio, drink, smoke, hyperten-
sion history, diastolic blood pressure (DBP), alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST) as well as serum creatinine (p > 0.05).

Correlation between TyG index and established glucose 
metabolism indicators among FH patients
As a novel indicator of IR, the diagnostic value of TyG 
index in FH population was examined by assessing 
the association with those well-recognized indicators 
reflecting glucose metabolism status including fasting 
blood glucose, HbA1c, fasting insulin, HOMA-IR and 
HOMA-IS. As shown in Table  2, TyG index was posi-
tively associated with fasting glucose, HbA1c, fasting 
insulin and HOMA-IR index, and negatively associated 
with HOMA-IS (all p < 0.001) among FH patients, indi-
cating that TyG index was applicable to FH individuals 
to reflect the glucose metabolism status.

Association of TyG index with ASCVD among FH patients
Given the idea that TyG index is associated with the 
development and prognosis of cardio-cerebrovascular 
diseases [26, 27], we evaluated the relationship in FH 
population by conducting a multivariable-adjusted 
logistic analysis (Table  3). After adjustment with age, 
gender, BMI, smoke, drink, HOMA-IR, LDL-C, cre-
atinine and hypertension, the OR was 2.38 (95% CI 
1.25–4.53, p = 0.01) in the group with high TyG index 
compared with the group with low TyG index; while 
no significant difference was observed between the 
group with moderate and low TyG index (OR, 1.45; 
95%CI 0.73–2.89, p = 0.29). For every 1 unit increase of 
TyG index, the risk of ASCVD increased by 74% after 
adjustment (95%CI 1.15–2.63, p = 0.01). In the sensitiv-
ity analysis, TyG index remained significantly associ-
ated with ASCVD in FH patients with IR (Crude OR, 
1.52, 95%CI 1.09–2.13, p = 0.02; Adjusted OR, 2.14; 
95%CI 1.19–3.86, p = 0.01). These results indicated that 
increase of TyG index was independently associated 
with the elevation of ASCVD risk among FH adults.

Table 2 Correlation between TyG index and established glucose 
metabolism‑related indicators

HOMA-IR, homeostatic model assessment insulin resistance index; HOMA-IS, 
homeostatic model assessment insulin sensitivity index

Variables Correlation coefficient 
(r)

p value

Fasting glucose (mmol/L) 0.462  < 0.001

HbA1c (%) 0.333  < 0.001

Fasting insulin (μU/mL) 0.272  < 0.001

HOMA‑IR 0.407  < 0.001

HOMA‑IS ‑0.407  < 0.001

Table 3 Odd ratios of TyG index with ASCVD among FH participants

OR, odd ratios; Ref. reference, IR, insulin resistance

Adjusted model: age, gender, BMI, smoke, drink, HOMA-IR, LDL-C, creatinine and hypertension

NO. Events/
subjects

Crude OR p value Adjusted OR p value

Low TyG (< 8.5) 59/204 Ref Ref

Moderate TyG (8.5–9.0) 89/311 0.94 (0.67–1.46) 0.94 1.45 (0.73–2.89) 0.29

High TyG (> 9.0) 146/426 1.28 (0.89–1.84) 0.18 2.38 (1.25–4.53) 0.01
All FH participants

 Every 1 unit increase of TyG 294/941 1.26 (1.02–1.57) 0.03 1.74 (1.15–2.63) 0.01
FH participants with IR

 Every 1 unit increase of TyG 166/458 1.52 (1.09–2.13) 0.02 2.14 (1.19–3.86) 0.01
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Association of TyG index with mortality among FH patients
In this study, the median follow-up duration is 
114  months (interquartile range, 57–159  months). In 
Fig.  2, we used RCS to flexibly model and visualize the 
relationship with all-cause and cardiovascular mortality 
in FH adults. The risk of both all-cause and cardiovascu-
lar mortality was relatively flat until around 8.6 of TyG 
index, and then started to increase rapidly afterwards (p 
for non-linearity = 0.0083 and 0.0046, respectively). The 
study population was divided into three groups (< 8.5, 
8.5–9.0 and > 9.0) due to the strong U/J-shaped rela-
tion between TyG index and mortality. Figure  3 depicts 
the cumulative hazard of all-cause death and cardiovas-
cular death in the groups with different TyG index. FH 
patients reported > 9.0 had lower survival probability 
compared with those reported low or moderate TyG 
index (log-rank p = 0.035). No significant difference was 
observed in the incidence of cardiovascular mortality 
(log-rank p = 0.093). Cox analysis was utilized to further 
assess the association of TyG index with all-cause death 
and cardiovascular death (Table  4). After multivariable 
adjustment, TyG index was independently associated 
with both all-cause death (HR, 1.55; 95%CI 1.10–2.18, 

p = 0.01 for every 1 unit increase of TyG index) and car-
diovascular death (HR, 1.79; 95%CI 1.04–3.09, p = 0.04 
for every 1 unit increase of TyG index). In sensitiv-
ity analysis (Table  5), TyG index remained significantly 
associated with all-cause and cardiovascular death in FH 
patients with IR (HR, 1.91; 95%CI 1.12–3.24, p = 0.02 and 
HR, 2.73; 95%CI 1.11–6.74, p = 0.03, respectively). The 
adjusted HR was 1.61 (95%CI 1.07–2.42, p = 0.02) for 
all-cause death and 2.09 (95%CI 1.02–4.30, p = 0.045) for 

Fig. 2 Restricted cubic spline curves (RCS) for the relationship 
between TyG index and the all‑cause death A and cardiovascular 
death B 

Fig. 3 Cumulative hazard of all‑cause death A and cardiovascular 
death B across the groups with different TyG index
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cardiovascular death in the group with high TyG index 
comparing with the group with moderate TyG index. 
However, no significant difference was observed when 
comparing the two groups reported low and moderate 
TyG index (HR, 1.19; 95%CI 0.71–2.00, p = 0.51 for all-
cause death; HR, 2.19; 95%CI 0.96–4.97, p = 0.06 for car-
diovascular death). In Cox prediction models, C-statistic 
values were 0.489 (95%CI 0.437–0.542) and 0.408 (95%CI 
0.324–0.491) for survival from all-cause death and cardi-
ovascular death with traditional risk factors, respectively 

(Table  6). Addition of TyG index to the original model 
resulted in significant improvements in discrimination 
of both survival from all-cause death (C-statistic 0.483; 
95%CI 0.432–0.535, p = 0.042) and cardiovascular death 
(C-statistic 0.397; 95%CI 0.315–0.479, p = 0.042). These 
results demonstrated that TyG index was an independent 
risk factor for all-cause death and cardiovascular death 
among FH adults.

Discussion
Herein, we combined NHANES data from 1999 to 2018, 
and a total of 941 FH participants with TyG index and 
follow-up data accessible were finally included. The capa-
bilities of TyG index to reflect glucose metabolism status 
(hyperglycemia and IR) and predict the risks of ASCVD 
and mortality were preliminarily verified. As a cost-effec-
tive tool, TyG index integrates fasting glucose and triglyc-
erides levels and could provide an early relevant clinical 
evaluation of glucolipid metabolic disorder such as IR, 
and potential prediction value of ASCVD and mortality 
risks. To the best of our knowledge, this is the first study 
to examine the value of TyG index among adults with FH.

As a hallmark of T2D, IR is a state of decreased sen-
sitivity and responsiveness to the action of insulin [28]. 
Arguably, the gold standards of IR diagnosis are eugly-
cemic insulin clamp and intravenous glucose tolerance 

Table 4 Hazard ratios of TyG index with all‑cause and cardiovascular mortality among FH participants

HR, hazard ratios

Adjusted model: age, gender, BMI, smoke, drink, HOMA-IR, LDL-C, creatinine and hypertension

NO. Events/subjects Crude HR p value Adjusted HR p value

All‑cause death 151/941
Low TyG (< 8.5) 26/204 1.05 (0.64–1.71) 0.85 1.19 (0.71–2.00) 0.51

Moderate TyG (8.5–9.0) 42/311 Ref Ref

High TyG (> 9.0) 83/426 1.55 (1.07–2.24) 0.02 1.61 (1.07–2.42) 0.02
Every 1 unit increase of TyG 1.54 (1.16–2.06) 0.003 1.55 (1.10–2.18) 0.01
Cardiovascular death 57/941
Low TyG (< 8.5) 14/204 1.96 (0.91–4.23) 0.09 2.19 (0.96–4.97) 0.06

Moderate TyG (8.5–9.0) 12/311 Ref Ref

High TyG (> 9.0) 31/426 2.02 (1.04–3.94) 0.04 2.09 (1.02–4.30) 0.045
Every 1 unit increase of TyG 1.68 (1.06–2.67) 0.03 1.79 (1.04–3.09) 0.04

Table 5 Hazard ratios of TyG index with all‑cause and cardiovascular mortality among FH participants with IR

Adjusted model: age, gender, BMI, smoke, drink, HOMA-IR, LDL-C, creatinine and hypertension

NO. Events/subjects Crude HR p value Adjusted HR p value

All‑cause death 66/458
Every 1 unit increase of TyG 2.10 (1.37–3.23) 0.001 1.91 (1.12–3.24) 0.02

Cardiovascular death 28/458
Every 1 unit increase of TyG 2.54 (1.32–4.88) 0.01 2.73 (1.11–6.74) 0.03

Table 6 C‑index of TyG for predicting all‑cause and 
cardiovascular death in FH patients

* The C-index was calculated by using the predict.coxph function to predict the 
Cox model with predicted value type = "survival"
** Original model included age, gender, BMI, smoke, drink, HOMA-IR, LDL-C, 
creatinine and hypertension

Models C‑statistic (95% CI) * p value

All‑cause death

 Original model ** 0.489 (0.437–0.542) Ref

 Original model + TyG 0.483 (0.432–0.535) 0.042
Cardiovascular death

 Original model 0.408 (0.324–0.491) Ref

 Original model + TyG 0.397 (0.315–0.479) 0.042
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testing; however, they have not been applied in clini-
cal practice due to invasiveness and high cost [29]. TyG 
index is used as a novel marker of IR in healthy individu-
als, according to a considerable number of studies since 
2014. In a Korean study with 5354 middle-aged nondia-
betic individuals enrolled, the risk of diabetes onset was 
fourfold higher in the highest quartile compared with 
the lowest quartile (relative risk, 4.10; 95%CI 2.70–6.21) 
[30]. In a White European cohort with 4820 participants, 
the HR was 5.59 (95% CI 3.51–8.91) in the fourth quar-
tile vs. the bottom quartile [31]. However, it’s important 
to note that the applicability of TyG index to detect IR 
among specific populations with metabolism character-
istics should be further evaluated in theory because TyG 
index largely depends on the glucolipid metabolic status. 
For instance, the risk of T2D in lean Koreans increased 
along with the increase of TyG index with HRs of in each 
quartile were 1.00, 1.63 (95%CI 1.18–2.24), 2.30 (95%CI 
1.68–3.14) and 3.67 (95%CI 2.71–4.98), respectively [32]. 
Whereas, TyG index had lower sensitivity and specificity 
compared with HOMA-IR, as reported in a study based 
on healthy Argentinean children aged 9.3 ± 2.2  years 
old [33]. FH is a common inherited condition leading 
to significant metabolism disorders, characterized by 
high LDL-C level. Interestingly, in spite of the heavy car-
diovascular metabolic burden, the prevalence of T2D is 
lower in FH patients [6–8]. Furthermore, Mendelian ran-
domization analysis suggested a significant association 
between gene variants determining higher LDL-C levels 
and a lower risk of T2D [34]. Given the glucolipid metab-
olism features and the high prevalence of FH (estimated 
at 1 in 200), efforts to investigate the capability of TyG 
index to evaluate glucose metabolism disorders among 
FH patients are required [9]. Results in this pilot study 
demonstrated that TyG index was positively associated 
with well-recognized indicators such as fasting blood glu-
cose (r, 0.462; p < 0.001), HbA1c (r, 0.333; p < 0.001), fast-
ing insulin (r, 0.272; p < 0.001) and HOMA-IR (r, 0.407; 
p < 0.001) in FH population. Therefore, TyG index seems 
to be applicable to FH patients.

Despite major advances in understanding of the dis-
ease and effective therapies such as lipid-lowering drugs 
and dietary interventions, FH is still underdiagnosed and 
undertreated [35]. As a result, FH is an important risk 
factor of ASCVD and premature deaths [36]. IR and T2D 
have also been reported to increase the risk of ASCVD by 
exerting harmful effects on the vascular smooth muscle 
cells, macrophages and endothelium [37]. The effects of 
T2D on the risk of cardiovascular disease in FH patients 
were evaluated by Climent et al. where the OR was 2.01 
(95%CI 1.18–3.43, p = 0.01), suggesting T2D and IR led 
to additional ASCVD risk [7]. As a result, it’s essential 
to develop reliable and convenient tools to detect IR and 

predict ASCVD and mortality risks in FH population. 
As demonstrated in several large clinical studies, TyG 
index is associated with the development and prognosis 
of cardiovascular diseases [26, 27]. In a prospective study 
including a total of 1655 nondiabetic patients with acute 
coronary syndrome with LDL-C below 1.8  mmol/L, 
a high TyG index level (≥ 8.33) was associated with a 
higher incidence of acute myocardial infarction (21.2% 
vs. 15.2%, p = 0.014), larger infarct size (described by car-
diac injury biomarkers), and higher incidence of revas-
cularization (8.9% vs. 5.0%, p = 0.035) [38]. In another 
study focused on elderly acute coronary syndrome 
patients, TyG index increased by 28% (95%CI 1.06–1.56, 
p for trend = 0.02) for each SD increase in the TyG index. 
Herein, we found that high TyG index acted as an inde-
pendent risk factor of ASCVD and mortality in FH 
adults. To be specific, the risk of ASCVD, all-cause death 
and cardiovascular death increased by 74% after adjust-
ment (95%CI 1.15–2.63, p = 0.01), 55% (95%CI 1.10–2.18, 
p = 0.01) and 79% (95%CI 1.04–3.09, p = 0.04) for every 
1 unit increase of TyG index after multivariable adjust-
ment. These results indicated that IR plays an essential, 
detrimental role in FH patients, which could be another 
explanation for the residual risks of FH. Evaluation and 
treatment of IR should also be emphasized since most 
of current therapies focus on the management of LDL-C 
[35]. Besides, we also noticed that the combination of 
TyG index and the traditional model led to significant 
improvements in Cox prediction models of both survival 
from all-cause mortality (0.483 vs. 0.489, p = 0.042) and 
cardiovascular mortality (0.397 vs. 0.408, p = 0.042).

Surprisingly, a strong U/J-shaped relation was observed 
according to the RCS results (p = 0.0083 for all-cause 
death and 0.0046 for cardiovascular death, respectively) 
and the moderate TyG index group had the lowest risk 
of mortality. When compared with the moderate TyG 
index group, the low TyG index group had a trend toward 
an increased risk of all-cause and cardiovascular mor-
tality (HR, 1.19; 95%CI 0.71–2.00 and HR, 2.19; 95%CI 
0.96–4.97, respectively), despite no significant differ-
ences. A potential cause of the phenomenon is the effect 
of certain parameters which could not be adjusted, such 
as hypoglycemia. TyG index was significantly correlated 
with blood glucose (r, 0.462; p < 0.001). The low TyG 
index group had a trend of worse prognosis, which may 
be caused by lower blood glucose. Nevertheless, we failed 
to provide robust statistical evidence on the elevated risk 
of mortality in the low TyG index group compared with 
the moderate TyG index group mainly due to the limited 
sample size.

The current study has several limitations to be noted. 
Firstly, the small sample size may have limited the sta-
tistical power to detect some associations as significant 
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when comparing different groups, as mentioned above. 
However, up to 114  months of median follow-up dura-
tion helps to improve statistical efficiency. Secondly, the 
data of TyG index was obtained only at baseline and it’s 
hard to control for possible changes in blood glucose and 
TG during the follow-up in theory. However, it’s still con-
sidered a valid method to evaluate the long-term effects 
of TyG index according to a large number of reports [32, 
39, 40]. Thirdly, the cut-off of the TyG index in this report 
was based on the RCS results. Therefore, more investiga-
tions based on other populations are required to explore 
whether the 8.5/9.0 cut-off is universal. Lastly, although 
the adjustment model incorporated the most available 
demographic and clinical parameters, some residual or 
unmeasured confounding variables such as laboratory 
results related with thrombogenesis and coagulation 
could have affected the results.

Conclusively, results in this pilot study suggested that 
TyG index was applicable to reflect glucose metabolism 
status in FH adults, and a high TyG index was an inde-
pendent risk factor of ASCVD and all-cause mortality in 
the same population.

Acknowledgements
Thanks to Jing Zhang (Shanghai Tongren Hospital) for his work in the NHANES 
database. His outstanding work, nhanesR package and webpage, make it 
easier for us to explore the NHANES database. Additionally, thanks to De‑Shan 
Yuan, Jun Hao and Min‑Si Cai for their statistical consulting and guidance.

Author contributions
JW, QP and LLD conceived and designed the study, acquired the data and 
drafted the manuscript; XBM and KZ analyzed the data; JG, CLS, WYW and 
HZ contributed to the interpretation of the results and critical revision of the 
manuscript for important intellectual content; JJS and YPL developed the 
software and provided technical support. YDT had primary responsibility for 
final content. All authors have read and approved the final manuscript.

Funding
This work was supported by: National Key R&D Program of China 
(2020YFC2004705), National Natural Science Foundation of China (81825003, 
91957123, 82270376), CAMS Innovation Fund for Medical Sciences (2022‑I2M‑
C&T‑B‑119, 2021‑I2M‑5‑003), Beijing Nova Program (Z201100006820002) and 
Beijing Municipal Science & Technology Commission, CSC Special Fund for 
Clinical Research (CSCF2021A04).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). Consent to participate was obtained and the National 
Center for Health Statistics (NCHS) ethics committee approved NHANES study 
protocol. Study protocols for NHANES were approved by the NCHS ethnics 
review board (Protocol #2011–17). All information from the NHANES program 
is available and free for the public, so the agreement of the medical ethics 
committee board was not necessary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Cardiology, State Key Laboratory of Cardiovascular Disease, 
National Center for Cardiovascular Diseases, Fuwai Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing, China. 
2 Department of Cardiology and Institute of Vascular Medicine, Key Laboratory 
of Molecular Cardiovascular Science, Ministry of Education, Peking University 
Third Hospital, No.49 Huayuanbei Road, Beijing 100191, China. 3 Department 
of Cardiology, The First Affiliated Hospital of Wenzhou Medical University, 
NanBai Xiang Avenue, Ouhai District, Wenzhou 325000, China. 4 Department 
of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial 
People’s Hospital, Guangdong Academy of Medical Sciences, Guangzhou, 
China. 

Received: 3 February 2023   Accepted: 25 February 2023

References
 1. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbid‑

ity, and risk factors in China and its provinces, 1990–2017: a system‑
atic analysis for the global burden of disease study 2017. Lancet. 
2019;394(10204):1145–58.

 2. Barquera S, Pedroza‑Tobías A, Medina C, Hernández‑Barrera L, Bibbins‑
Domingo K, Lozano R, et al. Global overview of the epidemiology of 
atherosclerotic cardiovascular disease. Arch Med Res. 2015;46(5):328–38.

 3. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck‑Brentano C, 
et al. 2019 ESC guidelines for the diagnosis and management of chronic 
coronary syndromes. Eur Heart J. 2020;41(3):407–77.

 4. Hopkins PN, Toth PP, Ballantyne CM, Rader DJ. Familial hypercholes‑
terolemias: prevalence, genetics, diagnosis and screening recommen‑
dations from the national lipid association expert panel on familial 
hypercholesterolemia. J Clin Lipidol. 2011;5(3 Suppl):S9‑17.

 5. Nordestgaard BG, Chapman MJ, Humphries SE, Ginsberg HN, Masana L, 
Descamps OS, et al. Familial hypercholesterolaemia is underdiagnosed 
and undertreated in the general population: guidance for clinicians to 
prevent coronary heart disease: consensus statement of the European 
atherosclerosis society. Eur Heart J. 2013;34(45):3478–90.

 6. Besseling J, Kastelein JJ, Defesche JC, Hutten BA, Hovingh GK. Associa‑
tion between familial hypercholesterolemia and prevalence of type 2 
diabetes mellitus. JAMA. 2015;313(10):1029–36.

 7. Climent E, Pérez‑Calahorra S, Benaiges D, Pintó X, Suárez‑Tembra M, Plana 
N, et al. Clinical and genetic differences between heterozygous familial 
hypercholesterolemia patients with and without type 2 diabetes. Rev Esp 
Cardiol (Engl Ed). 2020;73(9):718–24.

 8. Gidding SS. Diabetes and familial hypercholesterolemia: an unhealthy 
marriage. Rev Esp Cardiol (Engl Ed). 2020;73(9):705–6.

 9. Singh S, Bittner V. Familial hypercholesterolemia–epidemiology, diagno‑
sis, and screening. Curr Atheroscler Rep. 2015;17(2):482.

 10. da Silva A, Caldas APS, Hermsdorff HHM, Bersch‑Ferreira ÂC, Torreglosa 
CR, Weber B, et al. Triglyceride‑glucose index is associated with sympto‑
matic coronary artery disease in patients in secondary care. Cardiovasc 
Diabetol. 2019;18(1):89.

 11. Vasques AC, Novaes FS, de Oliveira MS, Souza JR, Yamanaka A, Pareja 
JC, et al. TyG index performs better than HOMA in a Brazilian popula‑
tion: a hyperglycemic clamp validated study. Diabetes Res Clin Pract. 
2011;93(3):e98–100.

 12. Lebovitz HE. Insulin resistance: definition and consequences. Exp Clin 
Endocrinol Diabetes. 2001;109(Suppl 2):S135–48.

 13. Demirci I, Haymana C, Candemir B, Meric C, Yuksel B, Eser M, et al. Triglyc‑
eride‑glucose index levels in patients with congenital hypogonadotropic 
hypogonadism and the relationship with endothelial dysfunction and 
insulin resistance. Endokrynol Pol. 2021;72(3):232–7.

 14. Jiang ZZ, Zhu JB, Shen HL, Zhao SS, Tang YY, Tang SQ, et al. A high 
triglyceride‑glucose index value is associated with an increased risk of 
carotid plaque burden in subjects with prediabetes and new‑onset type 
2 diabetes: a real‑world study. Front Cardiovasc Med. 2022;9:832491.



Page 10 of 10Wen et al. Diabetology & Metabolic Syndrome           (2023) 15:39 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Ahn SH, Lee JH, Lee JW. Inverse association between triglyceride glucose 
index and muscle mass in Korean adults: 2008–2011 KNHANES. Lipids 
Health Dis. 2020;19(1):243.

 16. Liu X, Tan Z, Huang Y, Zhao H, Liu M, Yu P, Ma J, Zhao Y, Zhu W, Wang J. 
Relationship between the triglyceride‑glucose index and risk of cardio‑
vascular diseases and mortality in the general population: a systematic 
review and meta‑analysis. Cardiovasc Diabetol. 2022;21(1):124.

 17. Shay CM, Ning H, Daniels SR, Rooks CR, Gidding SS, Lloyd‑Jones DM. 
Status of cardiovascular health in US adolescents: prevalence estimates 
from the national health and nutrition examination surveys (NHANES) 
2005–2010. Circulation. 2013;127(13):1369–76.

 18. Bellows BK, Khera AV, Zhang Y, Ruiz‑Negrón N, Stoddard HM, Wong JB, 
et al. Estimated yield of screening for heterozygous familial hypercho‑
lesterolemia with and without genetic testing in US adults. J Am Heart 
Assoc. 2022;11(11):e025192.

 19. Jung MH, Yi SW, An SJ, Yi JJ, Ihm SH, Han S, et al. Associations between 
the triglyceride‑glucose index and cardiovascular disease in over 150,000 
cancer survivors: a population‑based cohort study. Cardiovasc Diabetol. 
2022;21(1):52.

 20. Sun B, Shi X, Wang T, Zhang D. Exploration of the Association between 
Dietary Fiber Intake and Hypertension among U.S. Adults Using 2017 
American College of Cardiology/American Heart Association Blood Pres‑
sure Guidelines: NHANES 2007–2014. Nutrients. 2018;10(8).

 21. Dong X, Li S, Sun J, Li Y, Zhang D. Association of coffee, decaffeinated 
coffee and caffeine intake from coffee with cognitive performance in 
older adults: national health and nutrition examination survey (NHANES) 
2011–2014. Nutrients. 2020. https:// doi. org/ 10. 3390/ nu100 81091.

 22. Selvin E, Manzi J, Stevens LA, Van Lente F, Lacher DA, Levey AS, et al. 
Calibration of serum creatinine in the national health and nutrition 
examination surveys (NHANES) 1988–1994, 1999–2004. Am J Kidney Dis. 
2007;50(6):918–26.

 23. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. 
Diabetes Care. 2004;27(6):1487–95.

 24. NHANES National Health and Nutrition Examination Survey NHANES, 
“Anthropometry Procedures Manual”. https:// www. cdc. gov/ nchs/ data/ 
nhanes/ nhanes_ 07_ 08/ manual_ an. pdf. Accessed 20 Sep 2020

 25. Zhang S, Huang YP, Li J, Wang WH, Zhang MY, Wang XC, et al. The visceral‑
fat‑area‑to‑hip‑circumference ratio as a predictor for insulin resistance in 
a Chinese population with type 2 diabetes. Obes Facts. 2022;15(4):621–8.

 26. Mao Q, Zhou D, Li Y, Wang Y, Xu SC, Zhao XH. The triglyceride‑glucose 
index predicts coronary artery disease severity and cardiovascular 
outcomes in patients with non‑ST‑segment elevation acute coronary 
syndrome. Dis Mark. 2019;2019:6891537.

 27. Wang L, Cong HL, Zhang JX, Hu YC, Wei A, Zhang YY, et al. Triglyceride‑
glucose index predicts adverse cardiovascular events in patients with dia‑
betes and acute coronary syndrome. Cardiovasc Diabetol. 2020;19(1):80.

 28. Defronzo RA. Banting lecture from the triumvirate to the ominous octet: 
a new paradigm for the treatment of type 2 diabetes mellitus. Diabetes. 
2009;58(4):773–95.

 29. Minh HV, Tien HA, Sinh CT, Thang DC, Chen CH, Tay JC, et al. Assessment 
of preferred methods to measure insulin resistance in Asian patients with 
hypertension. J Clin Hypertens (Greenwich). 2021;23(3):529–37.

 30. Lee SH, Kwon HS, Park YM, Ha HS, Jeong SH, Yang HK, et al. Predicting 
the development of diabetes using the product of triglycerides and 
glucose: the Chungju metabolic disease cohort (CMC) study. PLoS ONE. 
2014;9(2):e90430.

 31. Navarro‑González D, Sánchez‑Íñigo L, Pastrana‑Delgado J, Fernández‑
Montero A, Martinez JA. Triglyceride‑glucose index (TyG index) in 
comparison with fasting plasma glucose improved diabetes prediction in 
patients with normal fasting glucose: the vascular‑metabolic CUN cohort. 
Prev Med. 2016;86:99–105.

 32. Park B, Lee HS, Lee YJ. Triglyceride glucose (TyG) index as a predictor of 
incident type 2 diabetes among nonobese adults: a 12‑year longitudinal 
study of the Korean genome and epidemiology study cohort. Transl Res. 
2021;228:42–51.

 33. Hirschler V, Molinari C, Edit S, Miorin C, Bocco P, Guntsche Z, et al. Ability 
of TyG index as a marker of insulin resistance in Argentinean school 
children. Front Pediatr. 2022;10:885242.

 34. Fall T, Xie W, Poon W, Yaghootkar H, Mägi R, Knowles JW, et al. Using 
genetic variants to assess the relationship between circulating lipids and 
type 2 diabetes. Diabetes. 2015;64(7):2676–84.

 35. Tokgozoglu L, Kayikcioglu M. Familial hypercholesterolemia: global 
burden and approaches. Curr Cardiol Rep. 2021;23(10):151.

 36. Tromp TR, Hartgers ML, Hovingh GK, Vallejo‑Vaz AJ, Ray KK, Soran H, et al. 
Worldwide experience of homozygous familial hypercholesterolaemia: 
retrospective cohort study. Lancet. 2022;399(10326):719–28.

 37. Laakso M, Kuusisto J. Insulin resistance and hyperglycaemia in cardiovas‑
cular disease development. Nat Rev Endocrinol. 2014;10(5):293–302.

 38. Zhang Y, Ding X, Hua B, Liu Q, Gao H, Chen H, et al. High triglyceride‑
glucose index is associated with poor cardiovascular outcomes in non‑
diabetic patients with ACS with LDL‑C below 1.8 mmol/L. J Atheroscler 
Thromb. 2022;29(2):268–81.

 39. Fritz J, Brozek W, Concin H, Nagel G, Kerschbaum J, Lhotta K, et al. The 
triglyceride‑glucose index and obesity‑related risk of end‑stage kidney 
disease in Austrian adults. JAMA Netw Open. 2021;4(3):e212612.

 40. Fritz J, Bjørge T, Nagel G, Manjer J, Engeland A, Häggström C, et al. The 
triglyceride‑glucose index as a measure of insulin resistance and risk of 
obesity‑related cancers. Int J Epidemiol. 2020;49(1):193–204.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3390/nu10081091
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf
https://www.cdc.gov/nchs/data/nhanes/nhanes_07_08/manual_an.pdf

	Association of triglyceride-glucose index with atherosclerotic cardiovascular disease and mortality among familial hypercholesterolemia patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Data collection
	Follow-up and endpoints
	Statistical analysis

	Results
	Demographic characteristics of the study population
	Correlation between TyG index and established glucose metabolism indicators among FH patients
	Association of TyG index with ASCVD among FH patients
	Association of TyG index with mortality among FH patients

	Discussion
	Acknowledgements
	References


