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ABSTRACT 
 

Genetic factors such as single nucleotide polymorphisms (SNPs) are thought to contribute to the 

increasing incidence of diabetes mellitus (DM) through insulin resistance.  SNPs in the RETN 

(resistin) gene encoding the resistin protein have been reported to play a role in causing 

abnormalities in blood glucose and lipid metabolism.  Still, studies related to this have rarely been 

explored in cohort population models.  This study aimed to evaluate the relationship of resistin 

gene SNPs to the trend of the triglyceride-glucose index (TyG) as a proxy for insulin resistance.  

The data were obtained from the results of the biomedical laboratory examination among 

participants of a cohort study in the Kebon Kalapa subdistrict, Bogor, every odd year period 

between 2015-2021 and from RETN genotyping (rs3745367).  The generalized linear model 

(GLM) repeated measurement technique was used with the TyG index value as the dependent 

variable.  The results of the GLM analysis showed that although there was a significant difference 

in the trend of the TyG index between the observation periods [F(2,87, 1671,1)=41,10, p-value 

<0.001], that’s not the case for RETN gene SNP [F(5,73, 1671,1) = 1.09, p-value = 0.367]. 

However, the multivariate test results suggested the association of these SNPs with age and DM 

status [F(4, 583)=2.48, p-value = 0.043].  In conclusion, RETN gene SNPs may require interaction 

with other factors or genes to induce insulin resistance or act by indirect glucose–fatty acid 

metabolic cycle mechanisms. 
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INTRODUCTION 

An increasing trend of type 2 diabetes 

mellitus (DM) is observed across the globe, 

notably in developing countries, and puts a 

lot of economic burden on a country's 

healthcare system.1,2 Besides urbanization 

that leads to lifestyle changes, genetics is 

thought to complicate its control.3 One such 

determinant is single nucleotide 

polymorphisms or SNPs.4 SNPs are changes 

in one nucleotide base in a specific gene area, 

which may cause unexpected consequences.  

As the concept of personalized medicine is 

being promoted, the place of genetic risk 

factors such as SNPs would play a vital role 

in the management of non-communicable 

diseases (NCDs) like DM.5 
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One such SNP is that located in the 

RETN gene.  RETN encodes a protein, 

resistin, and may function in regulating lipid 

and glucose metabolism, so any 

abnormalities in its expression are 

hypothesized to be related to insulin 

resistance.6 Insulin resistance is one hallmark 

of DM and other metabolic disorders such as 

obesity and metabolic syndrome.7 Hence, its 

measurement is essential when we would like 

to estimate someone's risk of having diabetes 

in the future.8 Several methods have been 

proposed and performed to measure insulin 

resistance levels, namely via HEC and 

HOMA-IR.  However, its wide use is 

hampered by its invasiveness, impracticality, 

and high cost.9 Another way is by calculating 

the triglyceride-glucose (TyG) index, which 

has been carried out in healthcare facilities 

because it's more convenient for the patients 

and cheaper.  Moreover, it has a good 

correlation with HOMA-IR as reference.10–12  

Given that insulin resistance dynamics 

may be affected by SNPs, a study on them 

and their influence on varying degrees of 

insulin resistance are desperately needed.  

Yet, the results of such are greatly determined 

by population size and need to be observed in 

a timely manner to identify any significant 

changes.13 Even though some research on 

SNPs was already done in several countries, 

its availability using a cohort-based 

approach, particularly in Asian countries, 

including Indonesia, is still limited.14 

Therefore, this study aimed to evaluate the 

association of RETN SNPs with the trend of 

the TyG index as a proxy for insulin 

resistance in our cohort-based population 

model for NCDs in Indonesia.  We genuinely 

hope that the results of this investigation may 

add valuable insights into the importance of 

developing genetic risk factor screening for 

NCDs on a larger scale within our society. 

 

MATERIALS AND METHODS      

Study Design and Ethical Approval 

This study is observational and 

experimental using valuable biological 

material (VBM) taken from cohort study 

participants for NCD risk factors from 2015 

to 2021, conducted by Badan Litbangkes 

Ministry of Health, Indonesia.  VBM in the 

form of the buffy coat was first extracted in 

2015.  This procedure obtained Ethical 

Approval from Komisi Etik Badan 

Litbangkes (The Ethical Committee of 

NIHRD) number LB.02.01/5.2/KE.229/2015 

and lastly in 2021 with the reference number 

LB.02.01/2/KE.169/2021.  Blood sample 

collection was done every big follow-up 

period in an odd year (2015, 2017, 2019, and 

2021) after participants fully explained their 

rights, risks, and benefits to our research team 

and signed written informed consent.  

Respondents also had the right to participate 

in a certain period or drop out voluntarily. 

1.1 Sample and Location 

Purposive sampling were those who 

agreed to join in the Cohort Study of Risk 

Factors for NCDs carried out by the Ministry 

of Health, Indonesia, and aged 25-80 years 

old.  The data collection took place in the 

Kebon Kalapa subdistrict, Bogor City, West 

Java Province, Indonesia.  

1.2 Genotyping 

Whole blood samples collected were 

added with Ficoll solution in a 1:1 volume 

ratio and centrifuged at 1500 rpm for 15 

minutes to isolate its greyish buffy coat part.  

Buffy coats were later processed in the 

genetic material extraction step using 

http://dx.doi.org/10.33533/jpm.v16i1.4342
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Qiagen® kit to get the DNA that was later 

used for RETN SNP (rs3745367) genotyping.  

Genotyping was performed using TaqMan® 

Assay kit in real-time PCR (7500 Fast Real-

Time PCR System), which was already 

connected with Applied Biosystem software 

in a personal computer for further genotype 

data analysis.  

1.3 Biomedical Parameter Test 

A whole blood sample was centrifuged at 

1500 rpm for 10 minutes to separate its serum 

from other compartments.  Blood glucose and 

lipid profile level were measured using an 

automatic enzymatic-based approach to 

clinical chemistry.  The results were 

validated by a clinical pathologist who 

monitored the lab examiner throughout this 

study.  Biomedical data collection was still 

done normally in 2019 prior to the official 

announcement of the COVID-19 pandemic 

by the Indonesian Government.  Meanwhile, 

data collection in 2021 was carried out 

following strict safety protocol and was 

already granted permission under close 

supervision by the COVID-19 Task Force of 

local authorities.  Fasting plasma glucose 

(FPG) and triglyceride level were obtained 

among those who already went fasting for 12-

14 hours prior to the first venous blood 

collection.  The calculation of the TyG index 

follows the formula proposed by Simental et 

al. 15: 

TyG index = Ln [{FPG level (mg/dl)  X    

                      triglyceride level (mg/dl)} / 2] 

1.4 Inclusion, Exclusion Criteria, and Data 

Management  

Secondary data on FPG and triglycerides 

were taken from the study period in 2015, 

2017, 2019, and 2021 which were later 

merged with RETN SNP genotyping results 

besides supporting sociodemographic 

information on participant's age and gender.  

Inclusion criteria encompassed all 

respondents who followed the cohort study 

and took samples for genotyping.  Pregnant 

women, those who did not participate in 

cohort follow-up continuously, or any 

missing data were excluded from our final 

analysis. 

1.5 Data Analysis  

Merged data were analyzed descriptively 

and inferentially.  The relationship of the 

TyG index according to the observation 

period and other variables was evaluated 

using the generalized linear model (GLM) 

repeated measure technique.  If the 

assumption of sphericity is not met, then the 

Greenhouse-Geisser correction will be 

selected to determine the p-value.16 

Multivariate analysis for within-subject 

effects was done to assess the interaction 

between variables.  Statistical significance is 

determined at p-value <0,05, and effect size 

is estimated by using partial eta square (ƞp²).  

Most analyses were performed using SPSS 

software version 15.0 and Microsoft Excel 

2016. 
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RESULT 

Table 1.  Characteristics of participants in the cohort study for NCD risk factors 

who managed to participate continuously from 2015 until 2021 (n=618) 

Categorical variables n % 

Age (baseline)   
<45 years old 249 40.3 

≥45 years old 369 59.7 

Gender   

Male 189 30.6 

Female 429 69.4 

RETN SNP rs3745367   

GG allele (Wild-type) 71 11.5 

AG allele (Hetero) 262 42.4 

AA allele (Variant) 285 46.1 

Numerical variables Mean ± SD 
Standard of 

Error 

Age (baseline 2015) 47.13 ± 9.49 0.382 

FPG (baseline 2015) 86.67 ± 44.77 0.974 

Triglyceride (baseline 

2015) 
118.24 ± 60.91 2.55 

TyG index (baseline 

2015) 
8.41 ± 0.52 0.02 

 

As shown in Table 1, most participants were 

older than 45 years old and women since the 

2015 baseline period.  The RETN rs3745367 

genotype demonstrated that those with 

variant allele AA accounted for the biggest 

proportion and were almost half of the total 

respondents taking part in our final data 

analysis.  While Table 2 displays the results 

of GLM on averaged TyG index concerning 

observation period and other determinants.  It 

also shows the contrast between 2 

consecutive periods by considering the 

interaction of the time variable, namely the 

period with other determinants.  Statistically, 

there was no significant association of RETN 

gene SNPs relative to time.  However, there 

were generally significant differences, 

especially until the 3rd observation period in 

2017 and in the 2nd period when we consider 

the DM status of the respondents.  However, 

different things were obtained from the 

multivariate within-subject effects analysis 

(Table 3), which found a significant 

relationship between the SNPs of the RETN 

gene concerning the period of observation 

and interaction with the variables of age and 

DM status.
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Table 2.  Results of the generalized linear model (GLM) repeated measure analysis on averaged TyG 

index in relation to an observation period 

Within-Subject 

Effects 

Correction Sum of 

Square 

df Mean 

Square 

F p-value ƞp² 

Period Greenhouse-Geisser 14.804 2.87 5.165 41.10 < 0.001 0.066 

Period * RETN gene 

SNP 

Greenhouse-Geisser 0.783 5.73 0.137 1.09 0.367 0.004 

Period * DM status Greenhouse-Geisser 2.863 5.73 0.499 3.97 < 0.001 0.013 

Period * Gender Greenhouse-Geisser 1.050 2.87 0.366 2.92 0.035 0.005 

Period * Age group Greenhouse-Geisser 1.061 2.87 0.370 2.94 0.034 0.005 

Error(Period) Greenhouse-Geisser 209.973 1671.1 0.126 
   

Within-Subject 

Contrasts 

Contrast 

between periods 

Sum of 

Square 

df Mean 

Square 

F p-value ƞp² 

Period Period 1 vs. 2 13.783 1 13.783 56.13 < 0.001 0.088 
 

Period 2 vs. 3 1.056 1 1.056 5.08 0.025 0.009 
 

Period 3 vs. 4 0.021 1 0.021 0.11 0.744 0.000 

Period * RETN gene 

SNP 
Period 1 vs. 2 0.167 2 0.084 0.34 0.711 0.001 

 
Period 2 vs. 3 0.535 2 0.267 1.29 0.277 0.004 

 
Period 3 vs. 4 0.114 2 0.057 0.28 0.753 0.001 

Period * DM status Period 1 vs. 2 3.516 2 1.758 7.16 < 0.001 0.024 
 

Period 2 vs. 3 0.748 2 0.374 1.80 0.166 0.006 
 

Period 3 vs. 4 0.412 2 0.206 1.03 0.358 0.004 

Period * Gender Period 1 vs. 2 0.117 1 0.117 0.48 0.491 0.001 
 

Period 2 vs. 3 0.266 1 0.266 1.28 0.258 0.002 
 

Period 3 vs. 4 0.243 1 0.243 1.21 0.272 0.002 

Period * Age group Period 1 vs. 2 0.289 1 0.289 1.18 0.279 0.002 
 

Period 2 vs. 3 0.528 1 0.528 2.54 0.112 0.004 
 

Period 3 vs. 4 0.006 1 0.006 0.03 0.860 < 0.001 

Error(Period) Period 1 vs. 2 143.162 583 0.246 
   

 
Period 2 vs. 3 121.151 583 0.208 

   

  Period 3 vs. 4 116.966 583 0.201       

DISCUSSION 

 Determination of the reference allele is 

still determined based on information from 

the National Center Biotechnology 

Information (NCBI) database from various 

sources.  In the RETN case, the reference 

allele (wild-type) is the GG allele, while the 

change from G to A is considered a variant.17 

The large proportion of variant alleles in 

Table 1 is also close to the minor allele 

frequency (MAF) allele A in the Qatari 

population and some genome mapping 

research databases such as 1000 Genomes 

and HapMap.18 Even so, the proportion of 

SNP alleles for the RETN gene in Table 1 

cannot be directly concluded for all  

Indonesian populations.  Considering the 

process of sorting samples that have gone 

through the selection of inclusion and 

exclusion criteria, the proportion of SNP 

http://dx.doi.org/10.33533/jpm.v16i1.4342
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alleles here did not represent the true 

proportion.  In addition, the SNP database 

information on the NCBI is still dominated 

by data on the Caucasian race population and 

not the Southeast Asian population race.19 

 

Table 3.  Multivariate analysis of within-subjects on TyG index concerning an observation period 

Variable interaction Test type Test 

value 

F Hypothesis 

df 

Error 

df 

p-

value 

ƞp² 

Period * RETN gene SNP *  

Age group 

Pillai's Trace 0.005 0.49 6 1164 0.819 0.002 

Wilks' Lambda 0.995 0.49 6 1162 0.819 0.003 
 

Hotelling's Trace 0.005 0.49 6 1160 0.820 0.003 
 

Roy's Largest Root 0.005 0.94 3 582 0.421 0.005 

Period * RETN gene SNP  *  

Gender 

Pillai's Trace 0.013 1.28 6 1164 0.265 0.007 

Wilks' Lambda 0.987 1.27 6 1162 0.266 0.007 
 

Hotelling's Trace 0.013 1.27 6 1160 0.267 0.007 
 

Roy's Largest Root 0.007 1.33 3 582 0.262 0.007 

Period * RETN gene SNP  *  

DM status 

Pillai's Trace 0.018 0.90 12 1749 0.548 0.006 

Wilks' Lambda 0.982 0.90 12 1537.47 0.549 0.006 
 

Hotelling's Trace 0.019 0.90 12 1739 0.551 0.006 
 

Roy's Largest Root 0.012 1.70 4 583 0.149 0.012 

Period * RETN gene SNP  *  

DM status * Age group 

Pillai's Trace 0.027 1.34 12 1749 0.190 0.009 

Wilks' Lambda 0.973 1.34 12 1537.47 0.191 0.009 
 

Hotelling's Trace 0.028 1.34 12 1739 0.191 0.009 
 

Roy's Largest Root 0.017 2.48 4 583 0.043 0.017 

Period * RETN gene SNP  *  

DM status * Age group 

Pillai's Trace 0.017 0.83 12 1749 0.621 0.006 

Wilks' Lambda 0.983 0.83 12 1537.47 0.622 0.006 
 

Hotelling's Trace 0.017 0.83 12 1739 0.624 0.006 
 

Roy's Largest Root 0.009 1.30 4 583 0.267 0.009 

Period * RETN gene SNP  *  

Gender * Age group 

Pillai's Trace 0.005 0.52 6 1164 0.795 0.003 

Wilks' Lambda 0.995 0.52 6 1162 0.796 0.003 
 

Hotelling's Trace 0.005 0.52 6 1160 0.796 0.003 

  Roy's Largest Root 0.004 0.87 3 582 0.455 0.004 

On the other hand, the mean triglyceride-

glucose index (TyG) as a proxy for insulin 

resistance at the baseline stage was higher 

than the average reported in several studies in 

other countries and indicates that insulin 

resistance is already present.12,20–22 This can 

happen because most of the respondents who 

participated in the PTM cohort study in 

Bogor had entered the age category at risk of 

developing DM.23 Increasing the age of a 

person is thought to have an impact on 

decreasing glucose and lipid metabolism in 

the body in addition to increasing pancreatic 

beta-cell apoptosis and impaired oxidative 

stress which results in reduced insulin 

sensitivity and glucose uptake in peripheral 

tissues.24   

 The overall trend of increasing the TyG 

index is significantly different from period 1 

in 2015 to period 4 in 2021 (Table 2) with an 

http://dx.doi.org/10.33533/jpm.v16i1.4342
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intermediate effect size if we look at the 

partial eta square value (ƞp²) that is 0.066.25 

In addition to age, a significant relationship 

between the TyG index was also found in the 

interaction between the observation period 

and gender and DM status but not with the 

RETN gene polymorphism.  Meanwhile, one 

significant relationship (Table 3) was 

detected when we used Roy's Largest Root 

test, which is suitable for use when the 

variance is heterogeneous with an 

unbalanced number of samples between 

groups.26  

 The contribution of the RETN gene 

polymorphism is shown again in Figure 1, 

and Figure 2, where respondents with the AA 

variant allele generally have a higher TyG 

index mean value than individuals with the 

reference allele.  In Figure 1A, individuals 

with the AA variant allele show an increasing 

trend in the TyG index from the baseline 

period to 2021.  However, based on DM 

status (Figure 1B-1D), the pattern shows 

differences, especially in the 3rd and 4th 

periods.  This can be caused, among others, 

by changes in a person's lifestyle and other 

factors that cause fluctuations in insulin 

resistance.27 The interesting thing in Figure 1 

is that normoglycemic respondents with the 

GG reference allele showed an increasing 

trend in the TyG index at the end of the 

observation.  This information indicates that 

other factors influence the increase in the 

index, such as unhealthy diet patterns and 

lack of physical activity in these 

individuals.28,29
 

Meanwhile, the trend pattern of the TyG 

index is also different between men and 

women (Figures 2E and 2F).  The increase in 

the pattern was also dominantly observed 

between the baseline period and 2017, while 

the pattern of the increase in the TyG index 

in respondents with the reference allele was 

also shown in the 3rd period, especially in 

female respondents.  Various factors, such as 

lack of knowledge about indications of DM 

or metabolic syndrome, can result in a high 

TyG index during this period as they began to 

pay attention to their health, especially during 

the COVID-19 pandemic.30 However, both 

male and female respondents with the variant 

allele showed a higher TyG index value at the 

end of the observation than the heterozygous 

and wild-type allele categories. 

Different relationship characteristics 

were observed by age group (Figs. 2G and 

2H).  Individuals aged <45 years also showed 

an increasing trend of the TyG index until the 

3rd period, with a close distance between the 

variant allele group and the heterozygous 

allele group.  On the other hand, for those 

aged 45 years and over, there is a trend line 

distance between the three allele groups 

except for the 2019 observations.  However, 

the increase in the TyG index is relatively 

consistent in this group of individuals with 

allele variants.  This again confirms the 

interaction of RETN polymorphism with age 

category, which posed an increased risk of 

insulin resistance.  

 

http://dx.doi.org/10.33533/jpm.v16i1.4342
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Figure 1.  Trend profile of average TyG index over four observation periods (P1-P4) according to 3 (three) 

allele categories for RETN SNP and status of blood glucose level.  A) TyG index trend in general by allele 

categories; B) TyG index trend in normoglycemic individuals; C) TyG index trend in those with prediabetes 

and D) TyG index trend among people with diabetes (type 2 DM).  

From the information presented in the 

table and figure above, the potential 

contribution of the RETN gene 

polymorphism to insulin resistance, as 

reflected in the TyG index proxy parameter, 

is still found but not statistically significant.  

We need to consider the mean value of the 

respondent's TyG index since the baseline 

period is already quite high.  From the results 

of multivariate analysis, there are indications 

that the RETN gene polymorphism does not 

work alone and may involve interactions with 

other factors or even genes in causing insulin 

resistance.3,31,32 The RETN gene is a gene 

whose function is to regulate glucose 

homeostasis and adipogenesis.  In humans, 

the resistin protein expressed by this gene 

competes with lipopolysaccharides when it 

binds to toll-like receptor 4 (TLR4) 

mononuclear cells so that it is thought to 

mediate cellular inflammatory processes in 

various diseases, including diabetes 

mellitus.33  
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Figure 2.  Trend profile of averaged TyG index over four observation periods (P1-P4) according to gender 

and age group.  E) TyG index trend among men; F) TyG index trend among women; G) TyG index trend 

in those aged <45 years old and H) TyG index trend in those aged ≥45 years old. 

 

Resistin protein is also thought to 
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several studies reported that variations in 
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on identifying associations between these 

SNPs and trends in insulin resistance over the 

four observation periods.  The location of 

these SNPs in the RETN gene area may 

contribute to a non-significant relationship in 

this study, considering that there are several 

regions of RETN SNPs whose impact on the 

phenotype has not been explored.  However, 

the aspect of substantive significance needs 

to be considered in addition to the statistical 

significance of the results of the GLM 

analysis in this study.  The high mean TyG 

index has the potential risk of microvascular 

and macrovascular complications caused by 

insulin resistance.38  

In addition to the limitations of the 

continuous sample following the cohort 

consistently, the results of this analysis also 

have not considered other variables that can 

affect insulin resistance without adding to the 

complexity of interpreting the results.  It is 

also worth noting that a representative SNP 

database used specifically for the Indonesian 

population is not yet available, so further 

studies are needed regarding mapping 

specific SNPs to a particular outcome 

through a genome sequencing approach.39 

Subanalysis of the influence of SNPs or in-

depth bioinformatic analysis of interactions 

between SNPs on a phenotype under certain 

conditions can also be carried out in future 

studies to obtain a more detailed 

understanding of the mechanism of SNPs in 

the emergence of pathological processes.40 

The results of such a study are expected to 

provide insight into the importance of genetic 

risk factor screening in alignment with the 

concept of personalized medicine in disease 

management. 
 

CONCLUSION 

This study suggested that although 

there was no statistical significance between 

RETN SNP rs3745367 with TyG index trend 

as insulin resistance proxy, a hint of its 

influence was noted from the results of 

multivariate analysis, which was 

corroborated by the TyG index trend plots 

over observation periods.  RETN SNP 

rs3745367 (+299 G>A) was not dominant 

and might need interaction with other genes 

and risk factors or perhaps work in other 

indirect mechanisms of the glucose-fatty acid 

metabolism cycle. 
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