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ABSTRACT 

 

Background: Polycystic Ovary Disease 

Syndrome (PCOS) and NAFLD are interlinked 

with the common culprit i.e. Insulin resistance 

(IR). The triglyceride and glucose index (TyG) 

has been recommended as a reliable and simple 

surrogate index for IR. So we evaluated TyG 

index, TyG–BMI index as a marker of IR and its 

correlation with liver transaminases (ALT, 

AST) to detect NAFLD in women with PCOS. 

Aim and Objectives: Correlation of TyG index 

and TyG-BMI index and liver transaminases 

(ALT, AST) in study groups. 

Materials and methods: A prospective study 

was done on 25 participants (14 controls and 

11cases of PCOS according to Rotterdam’s 

criteria). The TG, FBG, ALT and AST were 

analyzed on autoanlyzers. TyG -BMI index was 

calculated by the formula and correlation was 

done. 

Result: The ROC Curve showed the optimal cut 

off value for TyG index as 4.55 and TyG –BMI 

index in PCOS as 104.76. The positive linear 

regression was 2.55 for TyG index indicating 

that test was associated with IR. TyG index has 

shown the better performance as compared to 

TyG BMI index. No significant correlation was 

found between TyG index, TyG BMI index and 

transaminases.  

Conclusion: TG and FBG are inexpensive and 

routinely performed investigations. TyG index 

which can be easily calculated makes it the first 

choice screening alternative to detect risk of IR 

in PCOS women. 

 

Keywords: PCOS, TyG -BMI index, Non-

alcoholic fatty liver disease, liver transaminases 
 

INTRODUCTION 

With global shift in disease patterns 

from communicable to non-communicable 

diseases, India is facing the challenge of 

surge in NCD over last 3 decades.
 (1)

 

Metabolic syndrome refers to the co-

occurrence of several known cardiovascular 

risk factors, including insulin resistance, 

obesity, atherogenic dyslipidemia and 

hypertension.
 (2)

  

Polycystic ovary syndrome is a 

heterogeneous endocrine disorder that 

affects about one in 15 women worldwide 
(3)

, prevalence in India ranging from 3.7 to 

22.5 percent.
 (4)
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PCOS is frequently accompanied by 

IR and obesity and is characterized by 

ovulatory dysfunction, hyperandrogenism 

and polycystic ovarian morphology.
 (5)

 

A spectrum of hepatic pathologies 

ranging from simple hepatic steatosis to 

steatohepatitis and cirrhosis due to non-

alcoholic causes is characteristic of NAFLD 

(nonalcoholic fatty liver disease). 

Insulin resistance induces an 

increased hepatic de novo lipogenesis. 

Ineffective suppression of adipose tissue 

lipolysis results in an excessive amount of 

circulating fatty acids that lead to the 

development of simple hepatic steatosis. 

The liver fat accumulation by triglyceride 

deposition occurs simultaneously with the 

increased hepatic free fatty acid flux. Toxic 

levels of lipid-derived metabolites result in 

mitochondrial dysfunction, endoplasmic 

reticulum stress, and activation of multiple 

inflammatory pathways High levels of 

circulating fatty acids may further aggravate 

hepatic insulin resistance through 

deleterious effects on insulin signalling 

pathways by activation of serine kinase, 

augmenting the vicious cycle.
 (6)

 

There is close association of 

NAFLD with obesity, dyslipidemia and type 

2 diabetes mellitus, which also forecasts the 

uptrend of cardiovascular disease risk.
 (7)

 

The usual observed biochemical 

pattern in hepatic steatosis due to NAFLD is 

of increased levels of transaminases, with 

alanine aminotransferase (ALT) levels 

exceeding those of aspartate 

aminotransferase (AST).
 (8

) Liver enzymes 

may be normal in up to 78% of patients with 

NAFLD.
 (9)

 

Data from clinical studies and meta-

analyses indicate a higher prevalence of 

NAFLD in women with PCOS (34% to 

70%) compared to (14% to 34%) healthy 

women. 
(10)

 

Why test correlation between IR & 

transaminases (biochemical marker of 

NAFLD)? 

Why in women with PCOS? 

 Both PCOS &NAFLD are 

pathophysiologically interlinked, insulin 

resistance being the common culprit. 

 Both conditions indicate high risk for 

developing long term adverse health 

consequences.  

 There is opportunity for early detection 

& intervention.  

The gold standard for directly 

measuring insulin sensitivity in humans is 

the hyperinsulinemia euglycemic glucose 

clamp, but it is time consuming, labor 

intensive, expensive and technically 

demanding.  

The homeostatic model assessment 

of IR (HOMA-IR) is another method of 

measurement of IR used in scientific studies 

as it is simple and noninvasive.  

The product of TG and FPG 

calculated as triglyceride and glucose index 

(TyG) has been studied as a surrogate index 

for insulin resistance which is given by 

following formula.
 (11)

 

TyG index = ln [FPG (mg/dL) × TG 

(mg/dL)]/2 

It has been reported that the TyG 

index has high sensitivity for recognizing 

insulin resistance in apparently healthy 

subjects, as compared to the HOMA-IR: 

homeostasis model assessment of insulin 

resistance index 
(12)

 

Because TyG index is calculated 

from triglyceride levels, this marker may 

also reflect the presence of fatty liver. 

In a cohort of 50 asymptomatic 

women from Mexico, the association 

between the TyG index and liver steatosis 

has been demonstrated.
 (13)

   

So, we wanted to evaluate TyG 

index and TyG –BMI index (TyG -BMI 

index = TyG index × BMI)
 (11) 

as a marker 

of insulin resistance and study their 

association with liver transaminases (ALT, 

AST) in women with PCOS. 

 

MATERIAL AND METHODS 

A cross-sectional, prospective study 

was conducted at University Medical 

College Tertiary Care Hospital Pune, 
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Maharashtra in the duration from Feb 2018 

to July 2018 of 6 months. 

The diagnosed cases of PCOS with 

age more than 18 yrs and according to the 

Rotterdam’s criteria
 (14)

, attending the 

Obstetrics and Gynecology OPD following 

the inclusion criteria were included in the 

study. Healthy age matched controls with no 

clinical and radiological evidence of PCOS 

were included in the study. Research 

protocol was submitted to & approval was 

sought from institutional ethics committee. 

(BVDUMC/IEC/9) Informed consent was 

obtained from the participants. Inclusion 

criteria included women diagnosed with 

PCOS by Rotterdam criteria & giving 

consent.  Criteria included clinical or 

biochemical hyperandrogenism, olio-

anovulation, polycystic morphology on 

ultrasound scan and exclusion of related 

disorders. Exclusion criteria included 

known diabetes, hypothyroidism, liver, 

kidney, or heart failure, neoplastic or any 

medical problem, on steroid hormones or 

OC Pills in last 3 months on drugs known to 

have effects on lipid metabolism during the 

past 2 years, not willing to participate. 

Detailed clinical examination of the 

participants was done. The anthropometric 

parameters like weight in kg & height in 

meters were measured, BMI 
(15)

 calculated. 

All the participants visiting the 

hospital and following the inclusion criteria 

during the study period were included in the 

study. Sample size was calculated by 

convenience sampling technique. Fig1 

 

 
Fig.1.Flow chart showing the selection of cases. 

 

METHODOLOGY 

4 ml blood sample was collected 

from antecubital fossa without venous 

occlusion. Sample collection was done in 

Central Clinical Laboratory with all aseptic 

precautions after 12-14 hrs fasting. Blood 

was allowed to clot for one hour. Serum was 

separated after centrifugation at 2000 rpm 

for 10 minutes. Separated serum samples 

were subjected for estimation of following 

parameters on Randox Biochemistry auto 

analyzer. 
 

Table no 1: Table showing the methods used in estimation of 

parameters 

Sr.No. Test Method 

1 Glucose Enzymatic Glucose Oxidase-Peroxidase 

2 Triglycerides GPO/PAP 

3 ALT IFCC without Pyridoxal Phosphate 37oc 

4 AST IFCC without Pyridoxal Phosphate 37oc 

Above facilities are available at 

central clinical laboratory of the hospital. 

 

Statistical analysis 

Scientific Package for Social 

Sciences (SPSS) version 19.0 was used for 

the analysis. Differences between more than 

two groups were estimated using one-way 

ANOVA test. Correlation coefficient was 

calculated to study the correlation between 

the study variables. 

ROC curve analysis was performed 

to determine the area under curve and 

sensitivity and specificity.  

Sensitivity and specificity of the 

TyG index and TyG BMI index were 

estimated as function of insulin resistance. 



Gayatri Chandrashekhar Gawade et.al. Correlation between TyG (fasting triglyceride-glucose) index, TyG BMI 

index & liver transaminases in women with polycystic ovary disease syndrome. 

                                      International Journal of Research and Review (ijrrjournal.com)  196 

Vol.8; Issue: 5; May 2021 

The area under the ROC curve (AUC), as a 

summary of the overall diagnostic accuracy 

of the test, was estimated.  

ROC curves that are shifted to the 

left with AUCs near 1 are considered as the 

best markers. 

 

RESULTS 

The average age was 27.5 years in 

the cases and 32.5 years in controls. 

In cases, the mean BMI was 25.5 ± 

8.7 kg/m
2
; with 7 pre obese (27.42 ± 3.9 

kg/m
2
) and 4 nonobese (22.57 ± 3.6   kg/m

2
) 

patients. The mean BMI in controls was 

25.66 ± 7.3 kg/m
2
; with 6 pre obese (27.5 ± 

3.1 kg/m
2
) and 8 nonobese (22.0 ± 1.7 

kg/m
2
) women 

Cases & controls were grouped as 

obese or lean as per their BMI according to 

World Health Organization (WHO) criteria. 
(16)

  As shown in the figure 1. The Box and 

Whisker plot is showing the relation 

between BMI, cases and controls. BMI was 

found to be correlated with TyG BMI index 

with correlation coefficient (0.77) and p 

value less than 0.05; findings are consistent 

with the study of R. Vidya Bharathi et al. 
(17)

 

 

 
Fig. 2: Box and Whisker Chart showing BMI Values 

 

  
Fig. 3: ROC Curve for TyG Index                                Fig.4: ROC Curve for TyG-BMI Index 

 

 

Fig. 5: ROC Curve for TyG Index, TyG BMI Index and AST /ALT 
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Table 2: ROC Curve Analysis for TyG Index, TyG BMI Index and AST/ALT 

 Area under the ROC 

curve 

Standard 

error 

95% Confidence 

interval 

Sensitivity Specificity +LR -LR 

TyG Index 0.627 0.113 0.412 to 0.810 54.5 

(23.5- 83.1) 

78.6 

(49.2- 95.1) 

2.55 0.58 

TyG BMI 

Index 

0.597 

 

0.117 0.384 to 0.786 81.8 

(48.2- 97.2) 

57.1 

(28.9- 82.2) 

1.91 1.91 

AST/ALT 0.601 0.115 0.387 to 0.789 72.7  

(50.6-94.8) 

42.9  

(27.3-58.5) 

1.31 1.25 

 

The areas under the ROC curves 

(95% CI) were 0.627 (0.412 to 0.810) for 

TyG index, 0.597(0.384 to 0.786) for TyG 

BMI index and 0.601 (0.387 to 0.789) for 

AST/ALT. 

The ROC analysis in Table 2 shows 

that the TyG index has a better performance 

in comparison with the TyG BMI and 

AST/ALT. These findings are consistent 

with the study by E.K. Hameed et al.
 (18)

 

The ROC Curve analysis showed the 

optimal cut off value in cases was 4.55 for 

TyG index and 105 for TyG –BMI index. 

The average value of TyG index was 

4.55 and the average value of TyG-BMI 

index was 116.75.  

The positive linear regression was 

2.55 for TyG index 1.91 and for TyG-BMI 

index indicating that test was associated 

with disease. Table 3 

 
Table 3: Correlation between Studied Parameters 

 Cases Controls 

 TyG  Index TYG_BMI TyG  Index TYG_BMI 

 Correlation 

Coefficient 

p-value Correlation 

Coefficient 

p-value Correlation 

Coefficient 

p-value Correlation 

Coefficient 

p-value 

Age (yrs) 0.518 0.102 0.164 0.631 -0.165 0.589 -0.022 0.943 

BMI -0.127 0.709 0.809 0.003* 0.000 1.000 0.771 0.001* 

Fasting 

TG 

0.980 0.001* 0.282 0.400 0.827 0.001* 0.459 0.098 

Fasting 

BGL 

0.372 0.259 0.11 0.747 0.542 0.045* 0.066 0.822 

AST/ALT -0.187 0.582 0.073 0.831 0.466 0.093 0.275 0.342 

*P less than 0.05 is statistically significant. 

 

In our study we found that in cases 

and controls the fasting TG was correlated 

with the TyG index and p value was less 

than 0.05, proving the statistical 

significance. 

Fasting BGL was correlated with 

TyG index, significantly in controls. 

In our study we found that the liver 

transaminase levels (AST and ALT) were 

normal. The average ratio of AST/ALT was 

1.23 in cases and 1.0 in controls which was 

not correlated with TyG index and TyG 

BMI index. 

 

DISCUSSION 

Published studies regarding the 

association between PCOS and NAFLD are 

still very scarce and they evaluate 

populations with lifestyle and genetic 

backgrounds.
 (19)

.  

The prevalence of NAFLD in 

women with PCOS was found to be 35-70% 

in some studies
 

while NAFLD in these 

patients presented in a more severe form
.  (10)

 

How one condition contributes to the 

other is the topic under research. The 

evidence indicates that NAFLD may 

exacerbate insulin resistance. Multiple pro-

inflammatory, coagulant, and fibrogenic 

mediators are released, that may contribute 

to the pathophysiology of PCOS. On the 

other hand, insulin resistance and androgen 

excess are the main characteristics of PCOS 

that could exacerbate the risk of developing 

NAFLD.
 (20)

 

Liver has an important regulatory 

function in various metabolic processes. The 

hyperandrogenemia, dyslipidemia, 

hyperglycemia, IR and low-grade 

inflammation, all of which characterize 

PCOS, are concomitant factors that generate 

and aggravate nonalcoholic fatty liver 

disease (NAFLD)
 (21)
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The post-receptor defect in insulin 

signal transduction pathways in glucose and 

lipid metabolism is the postulated cause for 

insulin resistance in PCOS 
(22)

. As a result 

of selective insulin resistance, tissues other 

than skeletal muscles which express insulin 

receptors like the ovaries are also sensitive 

to insulin and are exposed to increased 

levels of circulating insulin. This 

hyperinsulinemia decreases the production 

of sex-hormone binding globulin (SHBG) 

from the liver. SHBG is the main protein 

which binds testosterone and prolongs its 

metabolic clearance. Thus there is increased 

testosterone bioavailability in these patients. 

Therefore, insulin resistance, which is a 

prominent finding in PCOS patients, is an 

important factor that contributes to ovarian 

androgen excess which is the hallmark of 

PCOS.  

Thus we see that insulin resistance is 

a common link & between NAFLD and 

PCOS, through a common pathophysiologic 

mechanism. Figure 6 

 

 
Fig.6 :  Factors involved in the development of nonalcoholic fatty liver disease (NAFLD) in patients with polycystic ovary syndrome 

(PCOS). 

 

The gold standard for the diagnosis 

of NAFLD is liver biopsy, but this method 

presents obvious limitations such as risk of 

complications due to invasive nature, 

sampling variability (heterogeneous 

parenchymal involvement) & cost. 

Liver function tests (serum samples) 

may show up within normal limits or have a 

fluctuating course in patients with NAFLD. 

In fact, severe forms of NAFLD have been 

described in patients with normal enzymes.  

So, the TyG index and TyG-BMI 

index were used as markers of insulin 

resistance to predict the early NAFLD in 

women with PCOS. 

The San Antonio Metabolism 

(SAM) study found that TyG index is 

significantly    correlated with both hepatic 

insulin resistance and hepatic triglyceride 

content 
(24)

.  

Bongyoung Kim et al
 (25)

 found that 

with sensitivity 62.1 and specificity 63.1, 

the cut off value of TyG index was 4.69, 

results consistent with our study findings.  

Cutoff value of TyG index for IR 

was estimated in few studies. In our study 

the ROC curve analysis showed the optimal 

cut off value for TyG index was 4.55 and 

for TyG -BMI index in PCOS as 104.76.  

Er, L. K. et al, Zheng, S. et al., Lim, 

J., et al studies 
(11,26,27)

 have found the cutoff 

value of TyG index as 4.66 in men and 4.57 

in women. Fernando Guerrero-Romero et al. 
(28)

 found the best value of TyG index as 

4.68 suggesting the utility of TyG index as 

marker of insulin resistance.  

We have found TyG index as the 

better predictor of insulin resistance in 

PCOS women than TyG-BMI index 

indicating that the compound indices does 

https://www.researchgate.net/scientific-contributions/Bongyoung-Kim-2061651366
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not add the predictive value to the TyG 

index. This may be due to the smaller 

sample size in our study.  

In our study we have found the 

significant correlation between the TyG 

index and fasting triglycerides and glucose 

levels in both cases and controls indicating 

the role of glucolipotoxicity in disease 

etiology.  

So we suggest use of TyG index as a 

surrogate marker of insulin resistance. 

It can be used as screening tool for 

early detection and identification of women 

with insulin resistance 

Aminotransferase levels are one of 

the screening tools to evaluate the presence 

of NAFLD in patients with PCOS. 

However, aminotransferase levels may be 

normal in a large subset of patients who 

have NAFLD and not steatohepatitis.  

Walter Schwimmer, Omid Khorran 

et al
. (29)

 have shown that when PCOS 

patients were compared to age matched 

healthy women, the ALT levels were 

significantly higher in women with PCOS 

which contrasts our study findings. 

In our study we found that the liver 

transaminase levels (AST and ALT) were 

normal. It was also not correlated with TyG 

index and TyG BMI index, indicating that 

using only transaminases as a marker of 

NAFLD in PCOS patients is of limited 

value. It also needs consideration that 

NAFLD being a progressive disorder with 

fluctuating course, addition of another 

modality like abdominal ultrasound may be 

helpful. 

As per the available data, the degree 

of insulin resistance is directly proportional 

to the prevalence of both PCOS and 

NAFLD. NAFLD has already been 

proposed to be the hepatic manifestation of 

metabolic syndrome and PCOS as the 

ovarian manifestation of metabolic 

syndrome 
(11).

 

It was recommended that liver 

evaluation by assessment of 

aminotransferase levels and abdominal 

ultrasound in PCOS patients that are obese 

or have features of metabolic syndrome can 

be considered as an initial screening tool for 

detecting NAFLD. 
(30)

 

The gynecologist especially 

infertility consultants have a paramount role 

in management of reproductive aspect of 

PCOS. They need to counsel the patients 

about the long-term health consequences of 

PCOS like metabolic syndrome & NAFLD, 

emphasizing appropriate screening & 

follow-up 
(31)

.  

 

CONCLUSION 

1. TyG index could be an accessible and 

reliable test for estimating insulin 

resistance in low-income individuals in 

high-risk groups like PCOS in INDIA. 

2. This index can be used for early 

identification of the cohort of women 

with PCOS with insulin resistance. 

3. TG and glucose based mathematical 

markers like TyG index could be a good 

counseling tool for therapeutic lifestyle 

management in women with PCOS. 

4. Using these parameters is less costly, 

measurements of glucose and 

triglycerides are available in all clinical 

laboratories. Insulin measurement is not 

required which is an expensive and less 

accessible test. 

 

Limitations of the study: 

1. TyG index and TyG –BMI index is not 

an established measure of IR. 

2. TyG index and TyG-BMI index 

accuracy needs to be checked in patients 

with hypertriglyceridemia. 

3. We could not get sufficient samples as 

patients were not particularly 

enthusiastic to take the tests to screen 

for long term consequences of PCOD, 

rather wanting to focus on eminent 

problem at hand, i.e. treatment of 

infertility or correction of menstrual 

irregularities. Some stated financial 

constraints. 

4. The results should be viewed in light of 

a small sample size and limited duration. 

Larger sample size & prolonged study 

duration will be helpful to study the 

interlink between TyG Index, TyG BMI 
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Index & serum transaminases in women 

with PCOS, ultimately reflecting upon 

the link between PCOS and NAFLD. 

5. We propose screening of patients with 

PCOS with high values of TyG index 

with abdominal ultrasound & liver 

transaminases for early detection of 

NAFLD. 
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