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Abstract  

Background:  Cardiovascular disease (CVD) is projected  
to be responsible for millions of deaths worldwide annually,  
including Saudi Arabia. CVD risk factors are highly prevalent,  

particularly among women in Saudi Arabia. Early awareness  
and treatment of cardiovascular signs before a CVD event  

occurs are therefore critical. Increased triglycerides and fasting  

glucose levels are two important risks for CVD, and the  
triglyceride glucose (TyG) index has been proved to predict  

CVD in many studies.  

Aim of Study:  This study aims to examine the association  
of TyG-index and risk of cardiovascular disease in female  

health colleges to identify individuals at risk of developing  

CVD events.  

Methods:  A total of 128 females from female health  
colleges in Riyadh participated in this cross-sectional study.  
Glucose and lipid profile parameters along with anthropometric  

and central obesity parameters were measured. The TyG index  

and the association between the TyG index and anthropometric  
and lipid profile parameters using the Spearman correlation  
coefficient were calculated. ROC analysis was used to detect  

long-term cardiovascular risk among women by using the  

TyG index against standard Framingham and ASVCVD risk  

scores.  

Results:  This study identified that TyG-index was associ-
ated with BMI and waist circumference, which are well-
established anthropometric risk factors for CVD progression,  
along with total-cholesterol. A significant positive but weak  

association between TyG index and Framingham risk scores  

and lifetime ASCVD score was found. However, the TyG  
index may not be independently used to identify the people  

at risk of developing CVD as observed by the low area under  

the curves (AUC) scores using standard Framingham risk  

scores and ASCVD risk scores as gold standards.  

Conclusion:  In conclusion, the positive correlation between  
TyG index and anthropometric indices and total cholesterol,  
which are known cardiovascular risks, suggests that the TyG  
index might be a useful indicator for early identification of  
CVD in conjunction with other established instruments, such  

as Farmington and lifetime ASCVD risk scores.  
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Introduction  

CARDIOVASCULAR  disease (CVD) is projected  
to be responsible for 23 million deaths worldwide  
annually by 2030. CVD has also become an impor-
tant health concern in the Gulf Council countries,  

including Saudi Arabia, where more than 45% of  

all deaths are attributed to CVD [1-3] . In particular,  
CVD risk factors are highly prevalent among wom-
en in Saudi Arabia [4] . The PURE-Saudi study also  
revealed that CVD risk factors and unhealthy  
lifestyles are highly prevalent among Saudi adult  

populations. Along with the well-known CVD risk  
factors, the PURE-Saudi study also revealed that  

women had higher self-reported sadness, several  

periods of stress, and a permanent feeling of stress  

[1] . Gazzaz et al. (2018) reported high-level stress  

in medical college students among Saudi students,  

where the primary stress source was academic [5] .  
Burnout and stress among medical staff and stu-
dents are common, with likely severe professional  
and personal effects; there is substantial evidence  

that cardiovascular health is adversely affected by  

academic stress [6,7] .  

Awareness of CVD and its risk factors among  

the population is crucial to early identification and  

intervention. Al-Baghli et al. (2010) estimated  

cardiovascular disease awareness (CVD) in a  
screening campaign in the eastern province of  

Saudi Arabia and reported that only 2.7% of the  

participants were aware of having cardiovascular  

disease [8] . Usually, those who are unaware will  
remain as such until a CVD event occurs. By then,  
substantial harm or disability will have occurred.  
One of the early manifestations of CHD in individ-
uals at risk is acute myocardial infarction or sudden  
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death [9] . Early awareness and treatment of cardi-
ovascular problems before a CVD event are there-
fore critical.  

Researchers and clinicians have developed and  

utilized various tools to measure cardiovascular  

risk to identify individuals with risk factors requir-
ing early treatment and those who are not at risk  
or low risk [10] . Increased triglycerides and fasting  
glucose levels are two critical components of  
metabolic syndrome, and they are the most impor-
tant risk factor for CVD. The triglyceride glucose  

(TyG) index has been proved to predict CVD in  
many studies. It is a simple surrogate estimate of  

insulin resistance and has recently been shown to  
predict CVD disease in the general population.  
Researchers have also proposed the TyG index to  

be used as an independent biomarker of atheroscle-
rosis in CVD patients [11] . However, this was not  
confirmed in the study conducted by Cho et al.  
(2013) [12] . Therefore, there is a need for further  

studies assessing the accuracy of the TyG index in  

identifying individuals at risk of developing CAD.  
This study attempts to assess the role of the TyG  
index in identifying individuals at risk of CVD  
using Framingham 30-year (FS30) risk score and  
the 2013 American Heart Association/American  
College's atherosclerotic cardiovascular disease  

(ASCVD) risk score.  

Subjects and Methods  

Study population:  

The participants for this cross-sectional study  

were recruited from the female section of The  

Applied Medical Science College, central plaza,  
and the medical city in Riyadh, Saudi Arabia.  
Recruitment involved distributing recruitment  
materials (ads, posters, flyers) at various sites of  

King Saud University, Medical city, and the central  
plaza between 31/8/2014 to 12/1/2016. A total of  

128 females with an age range of 19 to 56 partic-
ipated in this study. Subjects with a history of  

CVD, cancer, severe disability, or severe medical  

conditions were excluded from this study. The  
College of Applied Medical Sciences' research  

ethics committee approved the study protocol. This  

study followed the Helsinki declaration principle.  

Anthropometric measures and blood analysis:  

Anthropometric measurements and blood with-
drawal were conducted in the primary health care  

centers following overnight fasting of at least 10  

hours. Anthropometric measurements included  
weight, height, waist circumference along with  
mean diastolic and systolic blood pressure.  

Biochemical analysis:  

Fasting lipids and glucose were measured using  
a chemical analyzer (Konelab, Espoo, Finland).  
The TyG index was calculated by the formula  

ln[fasting triglycerides (mg/dL) x fasting glucose  
(mg/dL)/2] [10] .  

Cardiovascular risk scoring:  

This study calculated CVD risk scores using  
the most widely used risk equations, including the  
Framingham 30-year risk score (FS30) and lifetime  

predicted risk of atherosclerotic cardiovascular  

disease (ASCVD). Framingham's risk scoring was  

used with four variations. First, Framingham's 30- 
year Hard CVD score is based on BMI (FS30 BMI  

Hard CVD) risk score, where hard CVD means  
acute myocardial infarction, death from coronary  
artery disease, and stroke. The second was Fram-
ingham's 30-year risk score based on the lipid  
profile of hard cardiovascular disease (FS30 Lipid  
Hard CVD). Third, Framingham's 30-year BMI  
risk score for full cardiovascular disease or other  
incidents, such as coronary insufficiency, angina  

pectoris, transient ischaemic assault (FS30 BMI  
Full CVD). Fourth, a 30-year Framingham risk  
score based on the full cardiovascular disease lipid  

profile (FS30 Lipid Full CVD).  

Furthermore, the 2013 American Heart Associ-
ation/American College of Cardiology developed  

a tool to estimate the 10-year and lifetime predicted  
risk of atherosclerotic cardiovascular disease (AS-
CVD) (13,14). For FS30, participants with scores  

<12% were classified as of low risk of CVD, and  
>_ 12% was defined as high risk. For lifetime AS-
CVD, female participants with 8% risk were clas-
sified as having a high CVD risk [13] .  

Statistical analysis:  

Data were analyzed using SPSS version 21.0.  

Mean and the standard deviation was used as de-
scriptive statistics for continuous variables, fre-
quencies, and percentages for categorical variables.  
Statistical differences in TyG index tertiles were  

obtained using analysis of variance (ANOVA) and  
the Kruskal-Wallis test for normal and non-normal  

data, respectively. Association between TyG index  

and categorical variables was tested using the chi-
square test. Furthermore, the Spearman correlation  

coefficient was used to determine the association  

between the TyG index and other risk scores. The  
area under the curves (AUCs) for the TyG index  

was obtained using ROC analysis. p<0.05 was  
considered significant.  
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Results  

A total of 128 females (age 19-56 yrs) partici-
pated in this study. Table (1) shows the descriptive  

statistics of study parameters. The participants'  

average age was 31.8 ±8.4, and the average BMI  
was 28.3±5.3. The average TyG index calculated  
was 4.6±0.3. The average hard CVD FS30 based  
on lipids and BMI were 2.4±2.6 and 3.5±3.5, where-
as average full CVD FS30 based on lipids and BMI  
were 5.5±5.1 and 7.4 ±  6.3 respectively. The average  
Lifetime ASCVD risk was 17.5 ± 13.3. Table (1)  
also reports the results of the study parameters  

according to TyG index tertiles. The mean age,  

BMI, and WHR of the participants were significant-
ly higher in the 3 rd  tertile than the 

1 st 
 tertile. Mean  

BMI was also higher in the second tertile as com-
pared to the first tertile. Furthermore, mean glucose  

and mean total cholesterol were also significantly  
higher in the 3 rd  tertile as compared to the 1 st  and  
second tertile. The mean hard and full CVD FS30  

based on lipids and lifetime ASCVD risk was sig-
nificantly higher in the third tertile as compared to  

the first and second tertile. No differences in TyG  

index tertiles were observed in the mean of hard  
and full CVD FS30 based on BMI; however, there  

was an increasing but insignificant trend.  

Table (2) shows the relationship between the  
TyG index and study parameters using the Spear- 

man correlation coefficient. TyG index was signif-
icantly and positively associated with BMI and  
total cholesterol with Spearman correlation coef-
ficients of 0.24 (p<0.01) and 0.32 (p<0.01), respec-
tively. The Spearman correlation coefficient be-
tween TyG index and hard CVD FS30 based on  
lipids, hard CVD FS30 based on BMI, full CVD  
FS30 based on lipids, full CVD FS30 based on  

BMI and lifetime ASCVD risk were 0.28 (p<0.01),  
0.20 (p<0.05), 0.25 (p<0.01), 0.20 (p<0.05) and  
0.28 (p<0.01) respectively. The correlation between  

the TyG index and four Framingham and lifetime  

ASCVD scores was between 0.2-0.28, which is  
regarded as weak.  

Table (3) presents the ROC analysis to detect  
the long-term cardiovascular risk among women  

by using the TyG index against standard Framing-
ham and ASVCVD risk scores. The areas under  
the curve (AUC) of the ROC plots were 0.49, 0.60,  
and 0.58 for TyG index using the FS30 BMI hard  
CVD, FS30 BMI Full CVD, and FS30 lipids full  
CVID. None of them were significant, as indicated  

by p-values which were all greater than 0.05. The  
area under the curve of the ROC plot for the TyG  

index against lifetime ASCVD risk was 0.66, which  

was significant. Furthermore, all these AUCs for  
the TyG index achieved low sensitivities and spe-
cificities.  

Table (1): Descriptive statistics according to TyG index Tertiles.  

Parameters  
TyG Tertiles  

Overall  1 st  (≤4.5)  2nd  (4.6-4.7)  3 rd  (≥4.8)  p-values  

Age (Years)  31.8±8.4  30.0±7.9  31.1 ±7.7  34.5±9.0A 
 0.039  

BMI (kg/m2)  28.3±5.3  26.4±5.2  28.9±4.9A  29.6±5.5A  0.015  
WC (cm)  83.2± 11.2  79.4± 10.9  82.8± 10.4  87.3 ± 11.2A  0.005  
SBP (mmHg)  101.3 ± 12.5  98.5 ±9.3  103.2± 14.4  102.1 ± 13.0  0.19  
DPP (mmHg)  71.2± 10.4  69.0±7.7  72.8± 10.6  71.6± 12.3  0.21  
glucose (mg/dL)  99.1± 17.1  94.1 ± 12.9  96.6± 10.6  107.0±23.2AB  0.001  
T-Cholesterol (mg/dL)  161.9±38.8  147.3±27.4  154.8±32.5  184.6±45.2AB  <0.001  
HDL (mg/dL)  55.6± 16.1  53.7± 15.1  55.1 ± 15.7  58.0± 17.7  0.47  
LDL (mg/dL)  81.7±34.4  79.8±22.9  78.8±27.7  87.0±48.4  0.49  
TG (mg/dL)  122.8±70.8  68.8± 15.4  104.7± 18.3A  197.9±77.9AB  <0.001  
TyG Index  4.6±0.3  4.4±0.1  4.6±0.1 A 

 4.9±0.2AB  <0.001  
FS30 Lipids Hard CVD  2.4±2.6  1.7±2.0  2.0± 1.8  3.5±3.5AB  0.003  
FS30 BMI Hard CVD  3.5±3.5  2.9±3.5  3.4±3.2  4.4±3.7  0.159  
FS30 BMI Full CVD  7.4±6.3  6.1±6.3  7.1±5.7  9.0±6.8  0.101  
FS30 Lipids Full CVD  5.5±5.1  4.2±4.1  4.8±3.5  7.6±6.8AB  0.005  
Life time ASCVD risk  17.5± 13.3  12.9± 11.0  16.5± 12.6  23.3± 14.4AB  0.001  
Smoking (Yes)  2 (1.6)  1 (2.4)  1 (2.2)  0 (0.0)  0.62  
Hypertension (Yes)  3 (3.1)  0 (0.0)  2 (6.9)  1 (2.9)  0.30  
Dyslipidemia (Yes)  7 (10.6)  0 (0.0)  4 (19.0)  3 (13.0)  0.12  
Diabetes (Yes)  1 (.9)  1 (2.8)  0 (0.0)  0 (0.0)  0.37  
Family History of CVD (Yes)  24 (19.4)  10 (23.8)  8 (18.2)  6 (15.8)  0.64  

Note: Data presented as mean ±  SD for continuous variables and frequency (%) for categorical variables. p<0.05 is considered significant.  
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Table (2): Correlations matrix between TyG Index and select parameters.  

Parameters  TyG  HDL  LDL  TC  BMI  HCVD-L  
HCVD- 

BMI  
FCVD- 

BMI  
FCVD- 
Lipids  

HDL (mg/dL)  –0.01  
LDL (mg/dL)  0.01  0.01  
TC (mg/dL)  0.32**  0.41 * *  0.81**  
BMI (kg/m2)  0.24**  –0.08  0.09  0.11  
FS30 Lipids Hard CVD  0.28**  –0.02  0.52**  0.51**  0.40* *  
FS30 BMI Hard CVD  0.20*  0.06  0.27* *  0.31**  0.59**  0.88**  
FS30 BMI Full CVD  0.20*  0.05  0.24**  0.27* *  0.58**  0.87**  0.97**  
FS30 Lipids Full CVD  0.25**  –0.08  0.45**  0.41 * *  0.42**  0.95**  0.92* *  0.92**  
Life time ASCVD risk  0.28**  0.20*  0.62* *  0.66**  0.05  0.49* *  0.31**  0.30**  0.431 **  

Note: Data presented as spearman correlation coefficient.  ** & * Indicates significance at 0.01 and 0.05 level.  

Table (3): The area under the curve (AUC) of TyG-index in detecting the long-term cardiovascular risk among women, using  

different risk scores.  

FS30 and ASCVD index  
Patients  

at CVD risk  

TyG-Index  

AUC ±  SE  p-values  Cut-off  Sensitivity  Specificity  

FS30 BMI Hard CVD  
FS30 BMI Full CVD  
FS30 Lipids Full CVD  
Life time ASCVD risk  

3 (2.3)  
23 (18.0)  
13 (10.2)  
46 (35.9)  

0.49±0.17  
0.60±0.07  
0.58±0.09  
0.66±0.05  

0.956  
0.155  
0.346  
0.003  

4.56  
4.59  
4.59  
4.59  

67%  
56%  
54%  
63%  

44%  
54%  
53 %  
61%  

Note:  Patients were considered at CVD risk if either 30-year Framingham risk score or lifetime ASCVD score were <12% and 8%, respectively.  

Discussion  

The TyG index has been used to quantify insulin  
resistance, which compares triglyceride and glucose  

concentrations, and is a standard assay of insulin  
resistance. This study identified that TyG-index  
was associated with BMI and waist circumference,  

which are well-established anthropometric risk  

factors for CVD progression, along with total-
cholesterol. Furthermore, there was a significant  

positive but weak association between TyG index  
and Framingham risk scores and lifetime ASCVD  
score. However, the TyG index may not be inde-
pendently used to identify the people at risk of  

developing CVD, identified by AUC scores using  
standard Framingham risk scores and ASCVD risk  

scores as gold standards. The areas under the curve  

(AUC) were 0.49, 0.60, and 0.58 for TyG index  
using the FS30 BMI hard CVD, FS30 BMI Full  
CVD, and FS30 lipids full CVD. None of them  

were significant, as indicated by p-values which  
were all greater than 0.05. The area under the curve  

for TyG index against lifetime ASCVD risk was  
0.66, which was significant. However, all these  
AUCs for the TyG index achieved low sensitivities  
and specificities.  

Recent studies have shown that a higher risk  
of adverse cardiac events can be predicted by a  

higher TyG index [15,16] . In patients with stable  
coronary artery disease, Jin et al. (2018) have also  
found that TyG can indicate clinical outcomes [15] .  
Some studies have shown an association between  

Atherosclerotic cardiovascular disease and TyG  
index [17] . A 10-year follow-up study with 5014  
patients revealed a higher risk by lifetime ASCVD  
and is positively associated with a higher TyG  

index. The index could also give the Framingham  
risk score additive value for ASCVD prediction  
[18]. These results were consistent with our study's  

findings, which observed positive but weak asso-
ciations with lifetime ASCVD and Framingham  
risk scores. This weak relationship might result  

from lower TyG index values in the participants  

with a maximum value of 5.3. Li et al. (2019)  
reported that TyG-index is a better predictor for  
CVD events in women than in men, where TyG is  
more than 9.53 [19] . However, the authors did not  
ponder how gender differences can modulate the  
effects of TyG on cardiovascular risks. However,  

our study failed to establish the TyG index as an  
independent biomarker of cardiovascular disease  

in women, which contrasts with the Korean study  

findings, with 12,326 participants showing that  

the TyG index is an independent biomarker for  
identifying coronary artery calcification [20] . Kim  
et al. (2017) also found that coronary artery athero- 
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sclerosis was independently associated with TyG  
index in healthy Korean adults [21] .  

This study also used TyG index tertile (increas-
ing TyG) to assess the relationship between tertiles  
and study parameters. Significant differences were  

observed in BMI, waist circumference, glucose,  

triglycerides, and total cholesterol. Researchers  
have reported mixed results for the relationship  
between anthropometric indices and cardiovascular  

risk [22] . Increased waist circumference and BMI  
have shown to be indicative of higher coronary  

risk [19,22,23] . Although BMI is a well-known risk  
factor for T2DM and CVD development, cardio-
vascular risk factors such as metabolic syndrome,  
hyperglycemia, hypertension, and hypertriglycer-
idemia have been more closely associated with  
WHR than with WC or BMI, especially in the  
Asian population [24,25] . Although this study did  
not include WHR, TyG-index has shown a signif-
icant positive association with WC, BMI, and  
metabolic components, consistent with the findings  

reported by previous studies [19,22,23] .  

There were some limitations in this study. First,  

the nature of this study was cross-sectional; there-
fore, causality can not be established. Secondly,  

the sample size was small. Third, this study did  
not include the waist-to-hip ratio because of the  

absence of hip circumference measurements, which  
is a significant CVD risk factor.  

In conclusion, the positive correlation between  

TyG index and anthropometric indices and total  

cholesterol, which are known cardiovascular risks,  
suggests that the TyG index might provide useful  

information to identify patients at risk of developing  

CVD. This role is further established by positive  

correlations between TyG-index and Framingham  

risk scores and lifetime ASCVD score. However,  

this study does not validate TyG-index to be inde-
pendently used to identify the people at risk of  

developing CVD, as shown by low AUC scores  
using standard Framingham risk scores and lifetime  
ASCVD risk scores as gold standards.  
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