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Background: The triglyceride glucose (TyG) index is a quick and inexpensive approach to measure insulin resistance. The aim of this
study was to evaluate the TyG index’s ability to predict cardiovascular risk and determine the TyG index cutoff values in Syrian refugees.
Methods: A retrospective research study was conducted with 756 Syrian refugees. Data on demographics and clinical laboratory
assessments were obtained from refugee’s files. The formula Ln [fasting triglycerides (mg/dL) x fasting plasma glucose (mg (dL)/2]
was used to calculate the TyG index. The Framingham risk score was used to calculate ten-year cardiovascular risk. The TyG index
cutoff point was determined using the receiver operating characteristic curve (ROC).

Results: Included participants had a mean age of 56.76 + 10.78 years and a mean body mass index (BMI) of 27.42 + 4.03 kg/m”.
28.57% of the subjects were smokers, and the majority were female (56.75%). A significant moderate correlation was observed
between TyG index and Framingham score (r = 0.428, p < 0.001). ROC curve analysis for TyG index and Framingham score showed
an area under the curve (AUC) of 0.741 (95% CI = 0.691-0.791; p < 0.001). The cutoff value of the TyG index to recognize
intermediate/high risk Framingham risk score was 9.33, with a sensitivity of 64.3%, and specificity of 75.0%.

Conclusion: Our findings determine that, given a TyG index cutoff value of 9.33, the TyG index has a predictive ability to assess ten-
year cardiovascular risk by comparison to the Framingham risk score in a high-risk group of Syrian refugees and can be used as an
independent indicator of cardiovascular risk.
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Introduction
Cardiovascular diseases (CVD) are one of the leading causes of mortality and morbidity worldwide, accounting for
a substantial burden on healthcare systems and societies.' Insulin resistance (IR) is a vital risk factor for CVD, including
ischemic heart disease, hypertension, and heart failure, the leading causes of morbidity and mortality worldwide.
Previous research using the gold standard method for measuring IR, hyperinsulinemic-euglycemic clamping (HEC),
has demonstrated an independent relationship between IR and CVD.** IR is a contributing factor for cardiovascular
events pathologically, including modifying other cardiovascular risk factors, such as gender and age and down-regulating
insulin signaling pathways in many tissues.’® The triglyceride glucose (TyG) index, a biomarker for IR, can be used to
identify IR in a variety of ethnic groups as an alternative to other classic methods, including HEC.”'°

Fasting plasma triglyceride and glucose concentrations are used to calculate the TyG index and indirectly evaluate
IR.' The TyG index is a straightforward, inexpensive marker that has been found to indicate IR in a more accurate
manner than other substitute indicators, such as the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) or
when linked to HEC.''"™"* The TyG index has been used as a substitute for other measures of IR in this sense.'*
Additionally, with sensitivity values between 67% and 96%, and specificity values between 32.5% and 85%, this
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alternative index for IR has demonstrated validity for predicting the probability of cardiovascular events,'” although
further examination of its predictive validity is needed. The Framingham risk score (FRS) is an instrument that is used to
determine the likelihood of impending cardiovascular events based on the existence or absence of specific risk factors.'
Alternative measures, such as the TyG index, might be able to predict the development of negative cardiovascular
outcomes at an earlier stage in disease progression.

The TyG index is positively associated with a variety of cardiometabolic risk factors.'®'” High TyG index scores are
associated with an increased prevalence of symptomatic coronary artery disease,'® as well as subclinical small vessel
disease'® and coronary artery disease in asymptomatic patients.'® Similarly, in cases of type 2 diabetes and acute
coronary syndrome, a higher TyG index was linked to an increased risk of negative cardiac outcomes of all types.'”
A higher TyG index is also associated with worse outcomes after percutaneous coronary intervention. Consistent with
these observations, high TyG index scores are associated with higher risk as determined by the FRS,'” and are predictive
of the later development of CVD in a prospective study over a 10-year follow-up period.” Given these considerations, we
sought to explore the use of this index in an especially vulnerable population.

Syrian refugees in Jordan suffer from high disease burden and drug therapy problems (DTPs). The circumstances of
refugees from Syria reflect similar problems worldwide for refugees. The number of refugees worldwide has increased
dramatically since 2010, to more than 100 million people.”' The world’s overall health conditions and trends are reflected
in the health problems that refugees face. For example, due to limited resources, inadequate nutrition, and limited
healthcare in Syria under the current circumstances, Syrian refugees are more vulnerable to cardiovascular diseases.**??
The epidemiology of disecase among Syrian refugees is comparable in many respects to that of other nations around the
world. Chronic illnesses, contagious infections, wounds, and mental and emotional issues plague Syrian refugees.”* One
in 10 refugees are anticipated to be living with mild-to-moderate mental health conditions, including depression and
anxiety, and one in 30 has more serious conditions owing to extended exposure to the traumatic consequences of the
conflict.?! Furthermore, even before the war started, reports indicated that Syria had a high prevalence of non-
communicable disorders.”> Consequently, being uprooted from their homes and losing their resources, the health of
Syrian refugees has gotten worse.

One of the problems with providing healthcare to refugees is limited resources. Thus, organizations providing this
care must seek to do more with fewer resources. Consequently, alternative approaches are sought for all aspects of
healthcare, including diagnosis. As cardiac diseases are a major cause of death among refugees, as with the rest of the
population, identifying approaches that can be more effectively used to assess the risk of negative cardiac outcomes is
a critical need. The overall goal of the current study was to determine the cutoff threshold for the TyG index in Syrian
refugees with cardiometabolic risk and to assess its ability to predict cardiovascular risk over ten years according to the
FRS. Importantly, it provides an alternative simple, cost-effective indicator of CVD for Syrian refugees, an interesting
high-risk population.

Materials and Methods
Subjects

A retrospective study was conducted between December 2022-March 2023 on data obtained from patients’ files in
a Syrian refugee camp in Jordan (the Al-Zaatari camp). Data and participants’ details acquired were anonymized. As this
study design is retrospective, there is no need to obtain written informed consent from the study participants prior to
study commencement. However, database owner approval was obtained prior to study commencement. Ethical approval
was obtained from Al-Zaytoonah University, with ethical committee approval number 16/7/2022-2023 on 16 July 2022.
Furthermore, an approval for the study was obtained from the Jordanian Ministry of Health, approval number MOH/
REC/2022/162, as well as the Jordanian Ministry of Interior Affairs, approval number 50,223/18,725, to use the
information from the Al-Zaatari camp database. This study complies with the Declaration of Helsinki.*

Body mass index (BMI) was determined by dividing weight (in kilograms) by the square of height (in meters).
Trained nurses measured systolic blood pressure (SBP) and diastolic blood pressure (DBP) of refugees in the Al-
Zaatari camp, twice within a 5-minute interval, and the average of the two readings was considered as the final SBP
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and DBP values. Laboratory parameters assessed using standard clinical tests, in laboratories inside Al-Zaatari
camp, included fasting blood glucose, thyroid stimulating hormone, thyroxin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), HbA1c%, estimated glomerular filtration rate (eGFR), uric acid (UA), triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). eGFR was
calculated according to serum creatinine, age, and sex using a modification of the diet in the renal disease trial
(MDRD) formula.

The included data were for the patients who satisfied the following criteria, 1) Age of 18 or older; 2) Had at least
a one recorded triglyceride reading and one fasting blood glucose reading at the time of the study; 3) Present CVD
established or incidence of cardiometabolic risk factors such as, BMI > 25 kg/mz, total cholesterol >200 mg/dL,
triglycerides >150 mg/dL, HDL-C at low concentrations (men <40 mg/dl and women <50 mg/dl), SBP and DBP
>130/ >85 mmHg or diagnosis of arterial hypertension (AH), glucose fasting >100 mg/DL or diagnoses of diabetes
mellitus (DM). The total number of refugees screened was 1576, 720 refugees had no CVD established or incidence of
cardiometabolic risk factors, 100 refugees had no TG reading or fasting blood glucose reading and were excluded due to
incomplete data, and 756 refugees were finally included in the analysis (Figure 1).

TyG Index and Framingham Risk Score

The imported data included age, sex, smoking status, BMI, chronic diseases, medications history, laboratory tests,
and vital signs. Mean Arterial Pressure (MAP) was calculated based on the following equation: MAP =1/3 *
Systolic blood pressure (SBP) + 2/3 * Diastolic blood pressure (DBP).?” Pulse Pressure (PP) was measured as the
difference between SBP and DBP.?* Triglyceride (TyG) index was calculated as TyG index = In (fasting TG [mg/
dL] x fasting glucose [mg/dL]/2).>® The FRS for CVD risk was calculated to estimate the 10-year risk of
cardiovascular diseases, according to 2013 ACC/AHA guidelines on the assessment of cardiovascular risk.?’
Participants were categorized as low risk (<10%), intermediate risk (10—19%), or high risk (>20%). In this study,
intermediate and high-risk categories were combined for subsequent analysis. Thus, FRS has two categories, low
risk and intermediate/high risk. The mean of vitals and laboratory tests were calculated when more than one value

appeared in medical records.

1576 refugees’ data
were screened

Exclusion:

- 720 record with no
Present CVD
established or
incidence of
cardiometabolicrisk
factors.

856 refugees’ data

Exclusion:
100 record with no triglyceride reading or
fasting blood glucose reading.

756 refugees’ data
were included

Figure | Flow chart of refugees’ data included in the analysis.
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Statistical Analysis

The statistical analysis of the data in this study was conducted using SPSS version 27. Categorical variables were presented as
frequency and percentage (%) and analyzed using Pearson’s chi-square test. Continuous variables were presented as mean +
standard deviation (SD). The Kolmogorov—Smirnov test was used to evaluate data normality. Student’s #-test or Mann—Whitney
U-test was utilized following the measurement of normality of quantitative variables. Pearson’s correlation test was applied to
examine the correlation between Framingham risk score, TyG index, HbA1c%, and fasting blood glucose, as well as fasting
triglyceride with different BP indicators, GFR, Framingham score, uric acid, and HbA1c%. Binary logistic regression analysis
was performed to determine the association of the TyG index with the Framingham risk score (0 = low risk, 1 = intermediate/high
risk). An unadjusted model was assessed, as well as another model adjusted for possible confounding factors determined from the
literature (gender, age, diabetes, hypertension, and BMI). The receiver operating characteristic curve (ROC) was developed using
SPSS to assess the ability of the TyG index, HbA1c%, and fasting blood glucose to indicate cardiovascular risk through the
Framingham 10-year risk score. The ROC was illustrated by area under the curve (AUC) with its respective 95% confidence
interval. Moreover, sensitivity and specificity of the ROC were measured. TyG cutoff value was recognized as the point
corresponding to the best balance between sensitivity and specificity. In all analyses, a significance level of 0.05 was used.

Results
The participants’ demographics and health status are shown in Table 1. A total of 756 patients fulfilled the study
inclusion criteria with a mean age of 56.76 +£10.78 years and a mean BMI of 27.42 + 4.03 kg/m?, of which 28.57% were
smokers and the majority (56.75%) were female. The most common chronic disease among the participants was Type 2
Diabetes Mellitus (T2DM) (70.6%), followed by hypertension (69.44%).

As shown in Table 2, significant moderate correlations were observed between the TyG index and FRS (r=0.43, p<0.001)
and between the TyG index and HbA1c% (r = 0.43, p <0.001). Significant weak correlations were observed between the TyG

Table | Participant Demographics (Frequency (%) or Mean + SD)

Frequency (%) or
Mean + SD
Age 56.76 £ 10.78
Sex
Female 429 (56.75)
Male 327 (43.25)
BMI (kg/m?) 27.42 £ 4.03
Smoking status
Smoker 216 (28.57)
Non-smoker 540 (71.43)
Participants’ health status
Asthma 14 (1.85)
Cancer 1 (0.13)
Cardiovascular diseases (other) 75 (9.92)
COPD 15 (1.98)
Type | Diabetes Mellitus 24 (3.17)
Type 2 Diabetes Mellitus 534 (70.60)
(Continued)
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Table | (Continued).

Frequency (%) or

Mean £ SD
IHD 149 (19.71)
Hypertension 525 (69.44)
Heart Failure I (0.13)
Nephrotic syndrome 1 (0.13)
Thyroid conditions 36 (4.76)

Vitals and laboratory tests

Systolic blood pressure (mmHg) 137.64 + 833
Diastolic blood pressure (mmHg) 90.37 + 6.43
Fasting blood glucose (mg/dL) 145.65 + 25.46
Thyroid stimulating hormone (mU/L) 12.83 + 13.86
Thyroxin (ug/dL) 7.78 £ 11.00
AST (U/L) 37.39 + 12.56
ALT (U/L) 41.69 = 14.07
HbAlc% 843 + |.34
GFR (mL/min/1.73 m?) 7457 = 1677
Uric acid (mmol/L) 341.26 = 110.72
Triglycerides (mg/dL) 180.56 + 26.93
HDL (mg/dL) 34.40 + 4.00
LDL (mg/dL) 104.40 + 13.53
Triglyceride Glucose Index 9.40 + 0.22

Table 2 Correlation Between Triglyceride Glucose Index, HbAlc%, Fasting Blood Glucose as Well as Fasting Triglyceride with

Different Variables

Tested Variables Triglyceride Glucose HbAIc% Fasting Blood Glucose Fasting Triglyceride
Index
Correlation p-value Correlation p-value Correlation p-value Correlation p-value
Coefficient (r) Coefficient (r) Coefficient (r) Coefficient (r)
Framingham score 0.43 <0.001 0.02 0.659 0.14 <0.001 0.49 <0.001
(n=729)
GFR (n=348) 0.03 0.533 0.02 0.715 -0.01 0.829 0.07 0.204
SBP (n=729) 0.24 <0.001 -0.08 0.061 -0.06 0.120 0.40 <0.001
DBP (n=729) 0.12 <0.001 -0.04 0.334 -0.06 0.095 0.24 <0.001
MAP (n=729) 0.21 <0.001 -0.07 0.094 -0.08 0.042 0.38 <0.001
(Continued)
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Table 2 (Continued).

Tested Variables Triglyceride Glucose HbAIc% Fasting Blood Glucose Fasting Triglyceride
Index
Correlation p-value Correlation p-value Correlation p-value Correlation p-value
Coefficient (r) Coefficient (r) Coefficient (r) Coefficient (r)

PP (n=729) 0.13 <0.001 —0.04 0.325 -0.01 0.810 0.18 <0.001
PP+MAP (n=729) 0.22 <0.001 —-0.07 0.085 —0.05 0.204 0.36 <0.001
SBP+DBP (n=729) 0.24 <0.001 —0.08 0.058 -0.08 0.043 0.42 <0.001
Uric acid (n-137) 0.19 0.026 0.16 0.136 —0.05 0.568 0.32 <0.001
HbAIc% (n=572) 043 <0.001 - - 0.78 <0.001 0.01 0.799
Fasting Blood 0.67 <0.001 0.78 <0.001 - - —0.004 0.908
Glucose (n=756)

Abbreviations: GFR, Glomerular Filtration Rate, SBP, Systolic Blood Pressure, DBP, Diastolic Blood Pressure, MAP, Mean Arterial Pressure, PP, Pulse Pressure, HbAlc%,
Hemoglobin AlIC%.

index and uric acid (r = 0.19, p = 0.026). Similarly, the TyG index was significantly, but weakly, correlated with all blood
pressure indicators (p < 0.001). Regarding fasting triglyceride, significant moderate correlations were observed between
fasting triglyceride and the Framingham score (r = 0.49, p <0.001). Likewise, fasting triglyceride was significantly correlated
with all blood pressure indicators (p < 0.001). However, no significant correlation was found between HbA1c% and other
measures. Moreover, weak correlations were observed between fasting blood glucose and FRS (r = 0.14, p < 0.001).

ROC curve analysis for the TyG index showed an AUC of 0.741 (95% CI = 0.691-0.791; p < 0.001). The cutoff value
of the TyG index to recognize intermediate/high risk FRS was 9.33, with a sensitivity of 64.3% and specificity of 75.0%,
a positive predictive value of 93.7% and an equal negative predictive value of 26.7% (Figure 2A). Similarly, ROC curve
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Figure 2 (A) Operational characteristic curve of the ROC for the TyG index to predict ten-year cardiovascular risk as assessed by the FRS in Syrian Refugees (n = 756). (B)
Operational characteristic curve of the ROC for the HbAlc to predict ten-year cardiovascular risk as assessed by the FRS in Syrian Refugees (n = 756). (C) Operational
characteristic curve of the ROC for the Fasting blood glucose to predict ten-year cardiovascular risk as assessed by the FRS in Syrian Refugees (n = 756). (D) Operational
characteristic curve of the ROC for the Fasting triglyceride to predict ten-year cardiovascular risk as assessed by the FRS in Syrian Refugees (n = 756).
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analysis for HbAlc showed an AUC of 0.515 (95% CI = 0.432-0.598; p = 0.726), (Figure 2B). ROC curve analysis for
fasting blood glucose showed an AUC of 0.643 (95% CI = 0.581-0.704; p < 0.001) (Figure 2C). In addition, ROC curve
analysis for fasting triglyceride showed an AUC of 0.720 (95% CI = 0.674-0.765; p < 0.001) (Figure 2D).

According to Pearson’s correlation values and the AUC of the ROC analysis, the cutoff value to indicate inter-
mediate-high risk of negative cardiovascular outcomes was determined based on TyG index. Participants with high TyG
(TyG >9.3346) had significantly higher TG, LDL-C, UA, ALT, AST, SBP, and DBP values, as well as a higher
prevalence of smoking, diabetes, and hypertension compared to those with low TyG (TyG <9.3346; Table 3).

Table 3 Demographic, Smoking Status, Participant Health-Status, and Vitals and
Laboratory Tests of the Sample According to TyG Index Categories (n = 756)

Characteristics Tyg Index p-values
Lowest (< 9.33) | Highest (= 9.33)
(n=312) (n=444)
Age (years) 56.69 + 11.37 56.80 + 10.35 0.571
Sex
Female (%) 210 (49.00) 219 (51.00) <0.001
Male (%) 102 (31.20) 225 (68.80)
BMI (kg/m2) 26.98 + 421 27.71 + 3.89 0.004
Smoking status
Smoking (%) 46 (21.30) 170 (78.70) <0.001
Participants’ health status
Type | Diabetes Mellitus 2 (8.30) 22 (91.70) 0.001
Type 2 Diabetes Mellitus 157 (29.50) 376 (70.50) <0.001
IHD 93 (52.00) 86 (48.00) 0.001
Hypertension 225 (42.90) 300 (57.10) 0.181
Cardiovascular diseases (other) 32 (42.70) 43 (57.30) 0.796
Asthma 6 (42.90) 8 (57.10) 0.841
COPD 9 (60.00) 6 (40.00) 0.137
Thyroid conditions 18 (50.00) 18 (50.00) 0.276
Vitals and laboratory tests
Triglyceride Glucose Index 9.18 £ 0.11 9.54 + 0.14 <0.001
Triglycerides (mg/dL) 166.03 + 17.89 190.76 + 27.54 <0.001
Fasting blood glucose (mg/dL) 127.88 + 20.15 158.15 + 20.99 <0.001
HbAlc% 7.66 (1.16) 8.77 (1.27) <0.001
Systolic blood pressure (mmHg) 135.79 £ 7.39 138.95 + 8.71 <0.001
Diastolic blood pressure (mmHg) 89.82 + 6.15 90.77 + 6.59 0.077
Thyroid stimulating hormone (mU/L) | 14.23 + 14.58 11.30 £ 13.17 0.470
(Continued)
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Table 3 (Continued).

Characteristics Tyg Index p-values
Lowest (< 9.33) | Highest (= 9.33)
(n=312) (n=444)
Thyroxin (T4) (ug/dL) 7.84 £ 11.66 7.73 £ 10.56 0.976
AST (U/L) 36.98 + 10.94 37.58 + 13.29 0.783
ALT (U/L) 41.59 £ 10.61 41.74 £ 15.46 0.953
GFR (mL/min/1.73m?) 74.69 + 1431 7447 £+ 1841 0.293
Uric acid (mmol/L) 322.85 + 102.30 351.18 + 114.33 0.110
HDL (mg/dL) 35.46 + 4.04 33.65 £ 3.79 <0.001
LDL (mg/dL) 102.71 * 13.59 105.59 + 13.37 0.004
Framingham risk score
Low risk (%) 81 (75.00) 27 (25.00) <0.001
Intermediate/high risk (%) 222 (35.70) 399 (64.30)

Notes: Data are mean * SD, or absolute and relative frequencies [%]. P values are based on the Mann—Whitney
test or Student’s t-test, depending on the normality of quantitative variables, and Pearson’s chi-square for
categorical variables.

Abbreviations: BMI, body mass index; SBP, Systolic blood pressure; DBP, diastolic blood pressure; ALT, Alanine
aminotransferase; AST, Aspartate aminotransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
GFR, glomerular filtration rate, IHD, ischemic heart disease; COPD, Chronic obstructive pulmonary disease.

Table 4 Logistic Regression Analysis of the
Association Between the TyG Index and
Framingham Risk Score

Model OR (95% CI) p-value
| 5.39 (3.38-8.58) <0.001
2 4.41 (1.78-10.93) 0.001

Notes: Model |, unadjusted. Model 2, adjusted for sex, age,
diabetes, high blood pressure, and BMI.

Moreover, lower HDL-C values in the high TyG group were observed compared to the group with lower index values. In
addition, a higher frequency of participants with intermediate/high risk of emerging cardiovascular events in FRS was
detected in those with high values of the TyG index.

Binary Logistic Regression Analysis showed that the TyG index was an independent risk factor for intermediate or
high risk in all participants (OR = 5.39, 95% CI 3.38-8.58, p < 0.001). This relationship remained statistically significant
even after adjusting for confounding variables including gender, age, diabetes status, hypertension status, and BMI (OR =
4.41, 95% CI 1.78-10.93, p = 0.001), Table 4.

Discussion

The findings from this study verified a significant relationship between increasing TyG index values and an elevated risk
of CVD over a ten-year period. The cutoff value was based on the ROC analysis was 9.33, with a sensitivity of 64.3%
and a specificity of 75.0%. As seen in the ROC analysis, AUC for TyG index is superior to other indicators of CVD,
including HbAlc and fasting blood glucose. There is little existing literature that examined the TyG index cutoff value
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and its ability to indicate cardiovascular risk over ten years as determined by the FRS, and none in a population with the
sort of risk factors characteristic of these Syrian refugees.

Understanding the intricate mechanisms underlying the pathology, physiology, and molecular biology of fasting
glucose and triglycerides unveils crucial insights into their role in precipitating cardiovascular disease and adverse
cardiovascular events. Elevated levels of fasting glucose and triglycerides contribute to the dysregulation of metabolic
pathways, fostering a pro-inflammatory state within the vasculature and promoting endothelial dysfunction.*® Prolonged
hyperglycemia triggers advanced glycation end product formation, oxidative stress, and endothelial injury, fostering
atherosclerosis progression and plaque destabilization.>' Concurrently, elevated triglycerides stimulate the production of
atherogenic lipoproteins, fostering lipid accumulation within arterial walls and promoting foam cell formation.*
Moreover, dyslipidemia perturbs endothelial integrity, exacerbating inflammation and thrombosis, thereby escalating
the risk of cardiovascular events.>' At the molecular level, intricate signaling cascades involving insulin resistance,
lipoprotein lipase dysfunction, and dysregulated lipid metabolism converge to perpetuate cardiovascular pathogenesis.
Comprehending these multifaceted mechanisms is pivotal for devising targeted therapeutic interventions aimed at
mitigating the burden of cardiovascular disease and enhancing patient outcomes.*®

Previous work has shown that the TyG index might be predictive of negative cardiac outcomes in a variety of
circumstances. To being with, TyG scores are positively associated with a variety of cardiometabolic risk factors.'®!”
High TyG index scores are associated with an increased prevalence of CVD,”'® and more negative cardiac outcomes in

1719 as well as subclinical presentation of CVD.'*'® These last findings are especially

a variety of circumstances,
important since they suggest an early utility of the measure for predicting the development of CVD.

In the present study, we used the FRS as a reference to examine the TyG index as an indicator of ten-year
cardiovascular risk among Syrian refugees. Another study conducted on a Brazilian population supports these findings,
demonstrating that the TyG index has a good indicator of ten-year cardiovascular risk as determined by the FRS.!
However, our study was conducted on a larger sample size, where the AUC was higher, and potential confounding or
intermediate factors such as HbAlc and fasting blood glucose were evaluated. Furthermore, this differs from a previous
study where the TyG index was one of the factors used to calculate the FRS.? For example, Sanchez-liigo et al (2016)
compared FRS plus the TyG index with the FRS alone in predicting cardiovascular events.’ They found that the precision
of the risk for CVD increased when the TyG index was included in the model, leading to an increased AUC value (0.719)
compared to that seen with the FRS model alone (0.708; p = 0.014).°

Previous research revealed a cutoff value of >9.0 for the TyG index to predict cardiovascular risk.*'”'* Aratjo et. Al
(2022) identified a TyG index cutoff value of 9.04 (AUC = 0.678, sensitivity = 62.5%, specificity = 66.7%) in
participants with cardiometabolic risk evaluated by the FRS.!” In a retrospective observational study, the TyG index’s
ability to foresee major adverse cardiovascular events (MACE) in individuals with diabetes and acute coronary syndrome
was determined to have a predictive capacity of 9.323 (sensitivity = 46.0%, specificity = 63.6% and AUC = 0.560).” Luo
et al (2019) identified 0.685 as the AUC of the TyG index to assume the occurrence of adverse cardiovascular events in
ST-segment elevation myocardial infarction (STEMI) patients after percutaneous coronary intervention (PCI) and the
incidence of occurrence of adverse cardiovascular events was higher among those STEMI patients with TyG index levels
in the highest quartile (TyG index >9.608)."” These findings are parallel to our results in which the cutoff value for the
TyG index was 9.3346.

Existing literature revealed a significant association between the TyG index and an elevated risk of type 2 diabetes
and hypertension.®” In our study, those with high TyG (>9.3346) had significantly higher prevalence of type 2 diabetes
and hypertension in comparison to people with low TyG (<9.3346). As noted in this study, participants with high
triglyceride values (TyG >9.3346) were linked to cardiometabolic risk factors such as elevated LDL, triglycerides, ALT,
AST, uric acid, diastolic blood pressure, systolic blood pressure, and smoking, which have also been demonstrated to be
CVD risk factors with other approaches.'®!”

In this study, HbAlc and fasting blood glucose were found to be weaker indicators of cardiovascular events than has
often been found or assumed (for review see)’* As is clear in that review, a pre-diabetic state predicts progression to more
serious conditions, including the development of diabetes and CVD. However, as that review notes that progression is far
from absolute and despite highly significant odds ratios. Consequently, not all studies show significant relationships for
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these outcomes. For instance, one study that explored the correlation between HbAlc levels and cardiovascular events in
individuals diagnosed with type 2 diabetes revealed only a moderate connection that, while notable, did not reach
statistical significance.®> Conversely, a separate investigation published in Diabetes in 2014 proposed a gradual increase
in the risk of cardiovascular disease corresponding to elevated HbAlc levels.>® Moreover, a study has revealed that
fasting glucose blood level is not an independent indicator of risk for cardiovascular events in type 2 diabetes.®’
Consequently, that these relationships were apparent, but not significant in the present study, is not completely surprising.

A key strength of the study presented here is the large sample size, which includes almost all Syrian refugees with
cardiometabolic risk living in the Zaatari refugee camp. In addition, this study, to our knowledge, is the first to evaluate
the TyG index in accordance with the FRS in individuals such as these Syrian refugees at cardiovascular risk. Populations
such as this, because of their experiences in war and as refugees, may be at much higher risk for stress-related diseases,
including CVD. The fact that the suggested cutoff value had reasonable sensitivity and specificity supports the validity of
this index for monitoring people at high cardiovascular risk. This study also has some limitations, including the
retrospective nature of this study. Additionally, merging the groups of participants at moderate and high risk limits the
ability to determine how sensitive the TyG is to measure severity of CVD outcomes.

Conclusion

Our findings suggest that, given the TyG index’s cutoff value of 9.33, the TyG index has predictive validity for assessing
ten-year cardiovascular risk (as determined by the FRS). In light of this, the application of the TyG index for
cardiovascular risk screening appears helpful for the initial detection of patients who are at high risk for cardiovascular
events in health practice. Importantly, it provides an alternative simple, cost-effective indicator of CVD for Syrian
refugees, an interesting high-risk population.
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