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 Purpose: The purpose of this study was to look at the correlation between waist-to-height ratio (WHtR) and 

second to fourth digit ratio (2D:4D) with an increase in metabolic syndrome scores in obese female adolescents. 

Methodology: This research was founded by The Ministry of Research, Technology and Higher Education 2019. A 

cross-sectional study, which used simple random sampling technique when selecting subjects, involving 80 

female university students aged 18-21 years old at Universitas Diponegoro with waist circumference >80cm. The 

data studied were components of the metabolic syndrome, weight, height, and index-ring finger length. 

Anthropometric profiles were obtained using direct measurement. Fasting blood glucose, triglycerides and HDL 
cholesterol were measured using enzymatic colorimetric techniques. Metabolic syndrome data was converted to 

metabolic syndrome score (cMetS). Data analysis using Rank Spearman and Pearson correlation test. 

Results: High WHtR of 95%, high 2D:4D of the right hand of 21.3% and left hand of 33.8%. Most subjects had pre-

metabolic syndrome (80%) while the rest had metabolic syndrome. Bivariate test results showed that WHtR was 

positively correlated with cMetS, waist circumference, systolic and diastolic blood pressure. The right and left 

hand digit ratios did not correlate with cMetS nor with the components of the metabolic syndrome.  

Applications/Originality/Value: This study contributes to anthropometric references to detect metabolic 

syndrome. 

Keywords: waist-to-height ratio (WHtR), digit ratio (2D:4D), continuous value of metabolic syndrome (cMetS) 
 

INTRODUCTION 

Adolescence is a transition period from childhood into 

adulthood, because at this time there are biological, 

psychosocial, and cognitive changes which have a direct effect 

on nutritional status (1). The nutritional status of adolescents 

nowadays is not only focused on lack of nutrition, but also on 

over nutrition or obesity. Based on the results of Riskesdas in 

2018 (is a descriptive cross sectional survey, that research to 

collect basic data and health indicators after 2013 that 

represent national, provincial and district/city regions), the 

prevalence of central obesity at the age of ≥15 years has 

increased from 26.6% in 2013 to 31% in 2018 (2). Obesity is 

closely related to degenerative diseases. Degenerative 

diseases are chronic diseases with long duration and develop 

slowly. The type of degenerative diseases according to WHO is 

cardiovascular or coronary heart disease and stroke (3). The 

results of Riskesdas in 2018 show that the prevalences of 

stroke, diabetes mellitus, heart disease, and hypertension are 

higher in women than men (2). The effect from these conditions 

is the emergence of metabolic disease’s risk which is often 

known as metabolic syndrome. 

According to the International Diabetes Federation (IDF) 

2006 metabolic syndrome is a group of heart diseases which 

have the most dangerous risk factors, such as diabetes 

mellitus, increased fasting blood glucose level, central obesity, 

high cholesterol level, and high blood pressure. It is estimated 

that around 20-25% of the adult population in the world have 

metabolic syndrome (4). Generally, metabolic syndrome is 

found on adults. However, recent studies have reported that 

there are metabolic syndrome which are found in adolescents. 

Based on research conducted at SMA Negeri 15 Semarang, it is 

stated that 68.4% of the subjects had metabolic syndrome and 

31.6% from them had pre-metabolic syndrome (5). 

Metabolic syndrome is usually diagnosed based on criteria, 

given that if someone who has 1-2 signs from the criteria being 

diagnosed with pre-metabolic syndrome while someone who 

has three or more signs is diagnosed with metabolic syndrome. 

Recent study can be assessed using the continuous value of 

metabolic syndrome (cMets) or the metabolic syndrome score 

proposed by the American Diabetic Association of Diabetes. 

The metabolic syndrome score is an assessment of all 
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metabolic syndrome components which are converted to z-

score (6). The advantages of using cMetS are: (1) reducing the 

dichotomization factor because cardiovascular disease is a 

progression from several metabolic syndrome components, (2) 

cMetS is more sensitive and there are less error occurred than 

when using categorical assessment of metabolic syndrome, (3) 

statistical power is higher when using cMetS (7). Research on 

children subjects showed that cMetS can be used to predict 

someone’s metabolism (6,8). 

One component in the parameters of metabolic syndrome 

is central/abdominal obesity. Central obesity is the initial cause 

of metabolic syndrome due to impaired balance of 

adipocytokines which have been secreted. Central obesity is 

associated with increased blood pressure, serum triglycerides, 

decreased HDL, and glucose intolerance (9). 

The parameters of central obesity markers in adolescents 

can be determined using Waist-to-Height Ratio (WHtR) whose 

results are stated to be more accurate than BMI (9). Measuring 

instruments used are microtoise (height measurement tool) 

and metline band (a measuring tool in the form of a measuring 

tape that can be rolled up) so they require more time when 

measuring. Waist-to-Height Ratio (WHtR) or the ratio of waist 

circumference to height is the indicator of central obesity and 

proposed as a better predictor for early risk of cardiovascular 

disease compared to BMI (10,11). Studies on waist 

circumference have been shown to be closely associated with 

fat deposits in the abdomen (12). The distribution of abdominal 

adipose tissue (central obesity) in children and adults is 

positively correlated to metabolic syndrome components (13). 

Study with adult subjects showed that people who have the 

same waist circumference but with shorter height have a 

greater risk of getting metabolic syndrome than taller people 

(12). Thus WHtR can be used as an indicator of obesity in an 

individual. 

Recently there was a report of an anthropometric 

measurement as an indicator in predicting cardiovascular 

disease which are faster than WHtR measurements, namely 

The Ratio of Second to Fourth Digit Ratio (2D:4D) (14). Finger 

lengths were measured using a digital caliper measuring to 

0.001 mm (15). This method is faster than the WHtR 

measurement. The ratio of index finger and ring finger length 

(2D:4D) is an overview of a person’s prenatal testosterone and 

estrogen levels. The ring finger is the fourth digit and the index 

finger is the second digit, both fingers are the most sensitive 

(13). Study about digit ratio began in 2 years old children, and 

possibly increased the formation of digit ratio since early of life. 

This study leads to the hypothesis that the number of digit ratio 

reflects embryo’s exposure to testosterone and estrogen 

hormones which are formed since the end of the first trimester 

of fetal development and remains relatively stable throughout 

the life, which tend to develop certain diseases in the future 

(14,16,17). This hypothesis has not been tested using 

experimental study (17). Digit ratio in women is proven to be 

higher than in men; it is associated with higher estrogen levels 

than testosterone and vice versa (13). Study on digit ratio 

showed good correlation with anthropometric measurements 

of adiposity (12). Other studies stated that digit ratio is directly 

associated with obesity and inversely associated with body 

muscle mass, which is considered as a risk factor in the future 

(18).  

Research on digit ratio and WHtR in metabolic syndrome 

has not been done in Indonesia. Based on the magnitude of the 

problem that has been described previously, the purpose of 

this study was to analyze the correlation between waist-to-

height ratio (WHtR) and second to fourth digit ratio (2D:4D) 

with an increase in metabolic syndrome scores in obese 

adolescent girls. 

METHODOLOGY 

The scope of this study was community’s nutrition with a 

cross-sectional design. The subjects in this study were female 

university students who were 18-21 years old at Universitas 

Diponegoro, Semarang. The research began with nutrition 

screening at 10metli faculties at Universitas Diponegoro by 

randomly selecting study programs at each faculty. 

Anthropometric measurements performed during screening 

were weight, height and waist circumference. This study 

obtained a total of 1260 female students at Universitas 

Diponegoro. 

The inclusion criteria for the sample are women who were 

18-21 years old; filled out informed consent; had waist 

circumference >80 cm; had intact fingers on both hands; did 

not take drugs that can affect blood pressure, cholesterol 

levels, and blood glucose levels; were willing to do fasting for 

at least 8 hours also did not smoking and/or consuming 

alcohol; were not in any state of illness or in the care of a 

doctor; were not doing intensive physical activity or training; 

were not pregnant and breastfeeding. The exclusion criterias 

were that the subject resigned from the study, the subject 

moved to a university and the subject died during the study. 

Based on inclusion criteria, this study obtained 215 subjects. 

The sample selection method in this study used simple 

random sampling method and obtained 80 people. Data 

collected included general data about the subject’s identity, 

anthropometric measurements such as body weight, height, 

waist circumference, index finger length and ring finger length 

using minimal clothing and blood sampling. Body weight was 

measured using a digital scale with an accuracy of 0.01 kg. 

Nutritional status was based on Body Mass Index (BMI) and 

used category for Indonesians (19).  

The independent variables in this study were waist 

circumference to height ratio (WHtR) and the index finger to 

ring finger length ratio (2D:4D). The waist circumference to 

height ratio (WHtR) using cut-off points for Asian people is 

≥0.50 (20). Subjects used minimal clothing in the 

anthropometric measurement process. Height was measured 

using a microtoise with an accuracy of 0.01 cm and during 

measurements, the subject didn’t use any footwear and 

accessories on the head. Waist circumference was measured at 

the midpoint between the iliac crest and margin of costae 

(lower rib) using a metline band with a precision of 0.1 cm and 

when measuring, subjects used a thin clothings (11). 

Measurement of the digit ratio using digital calipers with a 

precision of 0.001 mm. The subjects, hadn position were open 

with palm showing when doing the measurement. The length 

of the second finger (index finger) was the distance from the 

midpoint of the second metacarpophalangeal joint and the 

most distal point from the second finger, while the length of the 

fourth finger (ring finger) is from the midpoint of the fourth 

metacarpophalangeal joint to the most distal point of the 

fourth finger. After that, the length of the second and fourth 

fingers were divided to get the digit ratio results. The digit ratio 

limit in women used for the right hand and left hand are 

grouped as low if the ratio was <1 and high if it was ≥1.17. While 
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the dependent variables in this study were metabolic 

syndrome components (waist circumference, blood pressure, 

fasting blood sugar levels, triglyceride levels and HDL 

cholesterol level which later would be converted into 

metabolic syndrome score (cMetS). The cMetS limit/threshold 

value in this study was >2.21 (6).  

Blood sampling was in collaboration with the Sarana 

Medika laboratory. The measured blood profiles included 

fasting blood sugar levels, triglyceride levels, and levels for 

women using enzymatic colorimetric techniques. While blood 

pressure was measured using digital tensimeter with the brand 

named “Omron” and was conducted by trained students and 

measured twice. This study used the metabolic syndrome 

guidelines according to the National Cholesterol Education 

Program-Adult Treatment Panel (NCEP-ATP III) 2005 which was 

often used in many studies in Indonesia, there are 5 markers, in 

assessing metabolic syndrome, if someone meets 3 of the 5 

agreed criterias, such as: (1) central obesity (women’s waist 

circumference ≥80 cm); (2) systolic blood pressure ≥130 mmHg 

or diastolic blood pressure ≥85 mmHg; (3) triglyceride levels 

≥150 mg/dL; (4) HDL cholesterol levels <50 mg/dL for women; 

(5) fasting blood glucose level ≥110 mg/dL (21).  

This study changed the parameters of metabolic syndrome 

into metabolic syndrome score (cMetS) by changing them into 

z-score. CMetS measurement was done in several stages, which 

is: (1) measuring all metabolic syndrome parameters including 

waist circumference, blood pressure, HDL cholesterol levels, 

triglyceride levels and fasting blood glucose levels; (2) 

standardizing by changing all the results of metabolic 

syndrome parameters in Z-score form; (3) specifically blood 

pressure results must be changed to Mean Artierial Blood 

Pressure (MAP) form first; (4) the HDL cholesterol levels 

standardization results are inversely proportional to the 

metabolic risk thus the HDL Z-score was multiplied by (-1); (5) 

after getting all the Z-scores, the researcher obtained the 

cMetS by adding up all the Z-scores from the waist 

circumference, HDL cholesterol levels, triglyceride levels and 

fasting blood glucose levels also MAP; (6) the cMetS score ≥2.21 

indicated metabolic syndrome (22,23). The MAP calculation 

follows the two measurement parameters Systolic blood 

pressure and Diastolic blood pressure. 

 
𝑀𝐴𝑃 =  {[(𝑆𝑦𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 −  𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒)

∶ 3]  +  𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐 𝑏𝑙𝑜𝑜𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒} (1) 

Univariate analysis was performed to describe the 

characteristics of the subject, the variables studied were WHtR 

and digit ratio as independent variables and cMetS as the 

dependent variable. Data normality test used Kolmogorov-

Smirnov. Bivariate analysis used the Spearman Rank test if 

data didn’t normally distributed and Pearson test for normally 

distributed data. 

RESULTS 

Subjects Characteristic 

Based on the screening results of 1260 female students in 

10 faculties at Universitas Diponegoro. Research subjects 

whom met the inclusion criteria were 215 female students and 

after that 80 female students were randomly selected to be 

samples in this study. The results of research on Universitas 

Diponegoro student, where they obtained the characteristics 

of the research variables including general data about the 

subjects, anthropometric data, and metabolic syndrome 

component data, were shown in Table 1. 

The mean age in this study was shown in Table 1, which 

was 19 years with the mean weight of the subject was 70.95 ± 

11.2 and the average height of the subject was 156.66 ± 10.0. 

The median WHtR of the subjects was 0.57 ± 0.1, while the 

median digit ratio of the right hand was 0.98 ± 0.04 and the left 

hand was 0.99 ± 0.04. The metabolic syndrome components 

consisted of waist circumference, blood pressure, HDL 

cholesterol levels, triglyceride levels, and sometimes fasting 

blood glucose levels. Waist circumference had an average of 

88.93 ± 6.53 cm, systolic blood pressure’s mean of 110 mmHg, 

diastolic blood pressure’s mean of 76.65 mmHg, HDL 

cholesterol levels’ mean of 50.64 mg/dL, triglyceride levels’ 

mean of 102.26 mg/dL, and sometimes also tested fasting 

blood glucose levels with average of 89.18 mg/dL. While cMetS 

mean was 0.00. 

The subjects in this study were 18-21 years old. Table 2 

showed that the characteristic of the subjects in this study, 

which was dominated by nutritional status based on BMI, was 

obesity, with category I obesity was 40% and category II obesity 

was 36.3%. In addition, there were 12.5% of the subjects who 

had normal nutritional status. Based on anthropometric profile 

using WHtR, there were 95% which were classified as high. 

While the anthropometric profile using the right hand digit 

ratio was 21.3% and the left hand was 33.8% which classified in 

the high category. Subjects who had 1-2 metabolic syndrome 

markers were 80% while 20% had ≥ 3 metabolic syndrome 

markers. Subjects with high cMetS were 20%. 

Table 1. Characteristic of Subject 

Variable Min Max Mean ± SD 

Age (years) 18 21 19 ± 0.8 

Weight (kg) 52.3 103.6 70.95 ± 11.2 

Heigh (cm) 100.5 1714 156.66 ± 10.0 

WHtR (ratio) 0.5 095 0.57 ± 0.1 

Right Hand Digit Ratio (ratio) 0.84 1.09 0.98 ± 0.0 

Left Hand Digit Ratio (ratio) 0.89 1.07 0.99 ± 0.0 

Category of Metabolic Syndrome    

Waist Circumference (cm) 81.2 114 88.93 ± 6.5 

Systolic Blood Pressure (mmHg) 87 144 110.14 ± 11.3 

Diastolic Blood Pressure (mmHg) 29 96 75.65 ± 8.8 

HDL Cholesterol Levels (mg/dL) 34 74 50.64 ± 9.2 

Triglyceride Levels (mg/dL) 43 248 10226 ± 38.6 

Fasting Blood Glucose Levels (mg/dL) 68 206 89.18 ± 15.5 

cMetS (score) -6.16 9.68 000 ± 2.8 
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The Correlation between Waist Height to Ratio (WHtR) and 

Digit Ratio (2D:4D) with Metabolic Syndrome Score (cMetS) 

in Obese Adolescent Girls 

Based on the research results and calculations which have 

been done, it was obtained anthropometric profile 

measurement data of waist circumference to body height ratio 

(WHtR) and index finger length to ring finger length ratio 

(2D:4D) with metabolic syndrome scores (cMetS) and 

metabolic syndrome components were shown in Table 3. 

There was an correlation if p <0.05 and stated to be 

positively related if r value was positive. Table 3 showed that 

WHtR was statistically related to cMets. The higher the WHtR 

value, the greater the metabolic syndrome scores (cMetS). In 

addition, WHtR was also positively related to 2 metabolic 

syndrom markers, which was waist circumference, systolic 

blood pressure, diastolic blood pressure. While the right hand 

and left hand digit ratio variables showed no significant 

correlation with the metabolic syndrome score and the 

metabolic syndrome components in obese adolescent girls (p 

>0.05). 

DISCUSSION 

Research Subjects Characteristics 

Based on the research subjects’ characteristics in 

Universitas Diponegoro Semarang students who were 18-21 

years, the average age was 19 years. The age range was 

classified in the category of late adolescents (17-21 years) 

according to the World Health Organization (WHO) in which a 

transition from adolescence to early adulthood happens (19). 

Late adolescents are marked by the development of personal 

identity and moral beliefs of the individuals. The ability to think 

for future goals can been seen, such as understanding the 

future consequences associated with current behavior and 

even ability to think about having children or getting pregnant. 

Students are included in the category of late adolesence who 

start living independently. The number of activities done by 

university students which force them to skip meals is a 

common thing. Most of the late adolescents choose to eat fast 

food or buy food at a food stall because it is more practical. 

Eating snacks can also be their solution. The average snack size 

is more or less the same, but the amont of snacks consumed 

increases. This contributes to increased calories intake that 

contains a lot of fat and is low in fiber (1). Hence, irregular 

eating habits in adolescents need more concern. Based on 

research conducted in Nepal in adult subjects, low intake of 

monounsaturated fat (MUFA), polyunsaturated fat (PUFA) and 

polyunsaturated fatty acids caused an increase in the 

prevalence of obesity and metabolic syndrome. Because 

nowadays healthy diet is replaced by high fat and calories food 

(24).  

Late adolescence, especially in women, has higher risk of 

metabolic syndrome because adipose tissue in the lower body 

(hips and thighs) is related to fat distribution (25). In addition, 

it will have an impact on the future and can pose a risk to the 

offspring. Metabolic syndrome is determined based on the 

interaction of various genetic and environmental factors. 

Genetic factors in the family such as obesity, hypertension and 

diabetes are at risk for the occurrence of metabolic syndrome 

(26). Since 2007, Genome Wide Association Studies (GWAS) 

have identified about 88 loci which was associated with the risk 

Table 2. Frequency distribusi of Waist Height-to-Ratio (WHtR), 

Digit Ratio (2D:4D) and Metabolic Syndrome 

Variable n % 

Nutritional Status was based on BMI   

Normal (18,5 – 22,9 kg/m2) 10 12.5 

Overweight (23,0 – 24,9 kg/m2) 9 11.3 

Obesity I (25,0-29,9 kg/m2) 32 40 

Obesity II (≥30 kg/m2) 29 36.3 

WHtR   

Normal (< 0,5) 4 5 

High (≥ 0,5) 76 95 

Right Hand Digit Ratio   

Low (<1.00) 63 78.8 

High (≥1.00) 17 21.3 

Left Hand Digit Ratio   

Low (<1.00) 53 663 

High (≥1.00) 27 33.8 

Waist Circumference   

Normal (<80 cm) 0 0 

Central Obesity (≥80 cm) 80 100 

Systolic Blood Pressure   

Normal (<130 mmHg) 78 97.5 

High (≥130 mmHg) 2 2.5 

Diastolic Blood Pressure   

Normal (<85mmHg) 76 95 

High (≥85 mmHg.) 4 5 

HDL Cholesterol Levels   

Normal (≥50 mg/dL) 44 55 

Low (<50 mg/dL) 36 45 

Triglyceride Levels   

Normal (<150 mg/dL) 71 88.8 

High (≥150 mg/dL) 9 11.3 

Fasting Blood Glucose Levels   

Normal (<110 mg/dL) 77 96.3 

High (≥110 mg/dL) 3 3.8 

Metabolic Syndrome Status   

Pre-Metabolic Syndrome (1-2) 64 80 

Metabolic Syndrome (≥3) 16 20 

cMetS   

Normal (<2,21) 64 80 

High (≥2,21) 16 20 

 

Table 3. Correlation between Waist Height-to-Ratio (WHtR) and Digit Ratio (2D:4D) with Metabolic Syndrome Score (cMetS) 

Variable 
WHtR Right Hand 2D:4D Left Hand 2D:4D 

r p r p r p 

cMetS 0.53a 0.000a 0.14a 0.222a 0.03b 0.824b 

WC 0.83a 0.000a 0.08a 0.498a -0.07a 0.556a 

Systolic BP 0.33a 0.003a 0.06a 0.598a 0.07b 0.565b 

Diastolic BP 0.4a 0.000a 0.11a 0.332a 0.06a 0.581a 

HDL Cholesterol 0.03a 0.794a 0.01a 0.908a 0.10b 0.360b 

Triglyceride 0.17a 0.132a 0.13a 0.261a 0.16a 0.154a 

Fasting Blood Glucose 0.20a 0.073a 0.02a 0.837a 0.04a 0.707a 

a: Rank Spearman, b: Pearson 
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of developing type 2 diabetes mellitus. Most loci were 

associated with insulin secretion and pancreatic beta cell 

function, thereby causing insulin resistance which was 

associated with obesity (27).  

Other subject characteristics in terms of BMI showed that 

most of the subjects had obesity in nutritional status, with 

obesity I was found at 40% of the subjects and obesity II at 

36.3%. The overweight and obesity in BMI category are related 

to the metabolic syndrome components, which is in line with 

research in Syria on the adolescent subjects who were 18-19 

years (28). There are various medical and psychosocial 

complications related to overweight and obesity among 

adolescents such as hypertension, dyslipidemia, insulin 

resistance, type 2 diabetes mellitus, sleep disorders and other 

respiratory disorders (1).  

The prevalence of metabolic syndrome in this study, using 

the NCEP-ATP III criteria, found pre-metabolic syndrome at 

80% of the subjects and metabolic syndrome at 20%. Based on 

Herningtyas and Ng’s research in Indonesia on subjects 

obtained through the Family Life Survey Wave 4 (IFLS4) spread 

in 20 provinces in Indonesia, it was stated that the prevalence 

of metabolic syndrome in Indonesia is high (moderate). Pre-

metabolic syndrome with 2 markers was at 39.45%. The 

majority of subjects who have metabolic syndrome in Java had 

reached 15.16-37.5% (29). Whereas, in this study when we 

looked at the metabolic syndrome score, we obtained a 

prevalence of 20% which is classified in the high category. In 

line with the research of Pratiwi et all who used secondary data 

from the Basic Health Research (Riskesdas) 2013 in 15-24 years 

adolescents showed that the prevalence of cMets in 

adolescents was 19.89% (6).  

The Correlation between WHtR with Metabolic Syndrome 

The first anthropometric profile is the waist circumference 

to height ratio (WHtR), which 95% of subjects have a high WHtR 

status. The WHtR value used in Asian societies is ≥0.50 (20). In a 

study of University of Baghdad students, aged 19-22 years, 

found that 30.3% of the subjects were classified as central 

obesity based on WHtR. Whereas research on students in 8 

ASEAN countries found that 11.9% of female students had high 

WHtR (30). Other research conducted on students of SMAN 2 

Ungaran, aged 14-18 years, showed a higher prevalence among 

female students than men (31). The high prevalence of WHtR in 

adolescents in Indonesia shows that anthropometric 

measurements of WHtR can already be done for early 

adolescents. 

Adolescents are still undergoing growth process so WHtR 

can give an overview about cardiovascular disease. Most 

scientists recommend WHtR in over nutrition screening for 

adolescents which can also function as a risk predictor of non-

communicable diseases such as cardiovascular disease, 

because WHtR can describe body fat percentage and adipose 

tissue/visceral fat mass (31,32). Some studies also reported 

that WHtR is a better indicator than Body Mass Index (BMI) and 

waist circumference to identify obesity, because it affects 

changes in height, age and gender differences (13,33). 

However, when compared between the two sexes it is possible 

to experience bias due to height differences in women and men 

(13,31,33). In addition, WHtR can be used to identify risk factors 

for cardiovascular disease such as diabetes mellitus and 

metabolic syndrome (33). Waist circumference and BMI can 

also be used as alternatives in detecting cardiovascular 

disease, but WHtR has higher sensitivity.  

Waist circumference is one of the components in 

determining WHtR because it can describe obesity in 

adolescent. Obesity is defined as excess body fat mass which 

become a risk for cardiovascular disease (34). Factors causing 

obesity in adolescents are multifactorial. Increased 

consumption of fast food, rarely doing physical activity, genetic 

factors, advertisement influence, psychological factors, 

socioeconomic status, diet, age, and gender are factors which 

contribute to changes in energy balance that leads to obesity 

(35). There are many studies which related to cardiovascular 

disease, with research subjects not only on adults and the 

elderly but also in children and adolescents. 

Obesity is associated with increased risk for type 2 diabetes 

mellitus (T2DM) and cardiovascular disease (CVD). 

Accumulation of excess fat in the abdominal area is associated 

with cardiometabolic risk. Although most previous studies 

used indirect measurements, such as thickness of the 

subcutaneous fat, underwater weight measurement, waist 

circumference (WC), waist to hip ratio (WHR), waist to height 

ratio (WHtR) to estimate the distribution of belly fat (36).  

Central (abdominal) obesity is a major risk factor for 

systemic inflammation, hyperlipidemia, insulin resistance, and 

cardiovascular disease. However, central obesity does not 

always occur in individuals with high BMI. Several studies in 

1981 stated that metabolic obesity was caused by the 

accumulation of excess visceral fat. Visceral obesity plays a role 

in proinflammation associated with metabolic syndrome. 

Many studies suggest that changes in body composition, 

especially the reduction in abdominal fat deposits, are more 

important than overall weight reduction or BMI in dealing with 

metabolic syndrome, because central obesity is a marker of 

dysfunctional adipose tissue (37).  

One component of metabolic syndrome is waist 

circumference which is also a component in determining WHtR 

and also used to describe central obesity in a person. This study 

showed a correlation between WHtR with cMetS and WHtR with 

waist circumference, systolic blood pressure, diastolic blood 

pressure. The correlation between these two is positively 

correlated which means that the greater the WHtR, the higher 

the risk of metabolic syndrome. While the other metabolic 

syndrome components (HDL cholesterol, triglycerides, fasting 

blood sugar) in this study have no correlation. 

A person with hypertension are usually associated with 

cardiovascular metabolic risk factors (38). The incidence of 

metabolic syndrome shows increased risk of cardiovascular 

morbidity and mortality as hypertension is associated with 

preclinical cardiovascular and renal changes, such as left 

ventricular hypertrophy, early carotid atherosclerosis, aortic 

elasticity disorders, hypertensive retinopathy and 

microalbuminuria (39). Hypertension can also be found in 

someone who is obese due to insulin resistance and impaired 

endothelial function of blood vessels (40).  

Research that had been done before showed that the 

metabolic syndrome score (cMetS) was better in showing the 

status of metabolic syndrome than using categorical 

assessment of metabolic syndrome. Continuous Metabolic 

Syndrome (cMetS) or metabolic syndrome score is an 

assessment for metabolic syndrome including measurement of 

obesity, fat, glucose/insuli, blood pressure and other 

components including smoking and physical activity which will 

be converted into Z-score (41). Adolescents who are 15-24 

years in Indonesia have cMetS of 2.21 because if it is more than 

that then they can be diagnosed with metabolic syndrome (6).  
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The Correlation between Digit Ratio with Metabolic 

Syndrome 

The prevalence in this study found that right hand digit 

ratio of 21.3% was in the high category while 78.8% was in the 

low category. While the left hand digit ratio was 33.8% in the 

high category and 66.3% in the low category. Research 

conducted by Kumar et all on the students in Malaysia as 

subjects found high digit ratio prevalence of 55% (16). While 

previous studies conducted in Indonesia on YARSI University 

students in Central Jakarta also found a high digit ratio 

prevalence of 45.82% (14).  

The length of the second and fourth fingers reflects the 

hormones testosterone and estrogen levels during the prenatal 

period (42). Women tend to have 2D and 4D that have similar 

length rather than men whose 2D tend to be shorter than their 

4D, so most of the digit ratios in men are <1 and ≥1 in women 

(17,43). Men with lower digit ratios have higher testosterone 

levels than estrogen and vice versa in women. In addition, a low 

digit ratio radiographically is associated with an increased risk 

of knee osteoarthritis (OA) and/or OA hips as well as having 

higher risk for myocardial infarction (14,42). The distribution of 

the body’s adipose tissue is affected by sexual hormone levels 

in men and women. Estrogen levels increase adipose tissue 

around a woman’s hips and thighs, while an increase in 

testosterone in men can increase adipose tissue around the 

abdomen, shoulders and neck (42). Research on digit ratios as 

a reflection of prenatal hormone exposure was shown in 

studies conducted on mouse models because they had digits, 

like humans, which indicated that the digit ratio was 

determined by the hormonal environment at the fingers’ 

cartilage development time which could be used to interpret 

the basis of sexual, behavior and disease development (17).  

The value of digit ratio is influenced by the balance of fetal 

estrogen and testosterone. Both of these hormones affect the 

fingers growth and development in the embryological period. 

Research conducted at the University of Florida reported that 

activity of fetal estrogen and testosterone was assessed by the 

expression of Androgen Receptor (AR) and Estrogen Receptor 

alpha (ER-alpha) which both were higher on the 4th finger than 

the 2nd finger (17).  

Estrogen function is influenced by Estrogen Receptor (ER) 

which is spread in various types of blood vessels, the function 

of ER itself is to assist the transcription process. Estrogen has 

two receptors, ER-alpha and ER-beta which have opposite 

metabolic functions. Generally ER-alpha leads to metabolic 

syndrome phenotypes such as impaired glucose homeostasis 

and inflammation in the experimental mouse, but it also has 

function to decrease adiposity while ER-beta accelerates 

adiposity. The loss of ER-alpha function in adipose tissue 

specifically causes adipose tissue dysfunction which can cause 

inflammation and fibrosis. Therefore both ERs are considered 

important in the adipose tissue function and metabolic 

phenotypes (44).  

Androgen and estrogen signaling control digit 

development by regulating the growth of cartilage cells in the 

finger over and over. The basic development in digit ratios in 

sexual way is shown in Figure 1. Blue dots are AR and pink dots 

are ERs found in male and female embryo digits, with higher 

numbers are found in 4D. (A) In men, digits are exposed to more 

androgens than estrogen which results in the binding and 

activation of ARA. High AR and low ER activity in men leads to 

gene expression profiles in 4D relative to 2D with the green 

gene marked with names higher in 4D and red genes higher in 

2D. As the results the 4D extension leads to a lower digit ratio. 

(B) In women, digits are more exposed to estrogen rather than 

androgen which lead to binding and activation of ERE. High or 

low ER activity causes the different (opposite) changes in the 

gene expression profiles in 4D relative to 2D, marked by name 

of the green genes and red genes which are shown in Figure 1. 

Higher level of active ER decrease the growth of cartilage cells 

 

Figure 1. Genes that have roles in the formation of digit ratio 
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called chondrocytes continuously. Thus reducing growth in 4D 

which results in higher ratio digit (17).  

Prenatal androgen level as determinant for digit ratios has 

been proven in the development of the cardiovascular system. 

Because it is associated with estrogen receptors in humans 

which leads to the development of ring fingers which are 

shorter than the index finger. Individuals who have lower 2D 

than 4D tend to have a well-developed cardiovascular system 

and normal cardiovascular function, and vice versa (15). 

The results of this study indicated that there was no 

relationship between the digit ratio of the right and left hand 

with cMetS or metabolic syndrome components. Similar 

results were also found in studies conducted by Yildiz et all. 

with women aged over 18 years who were visiting Turkish 

clinics (45). Other studies with similar results conducted by 

Swani et al on female subjects aged 17-35 years showed no 

correlation between digit ratio with waist circumference, neck 

circumference, BMI, and hip waist circumference ratio where 

waist circumference is one of the metabolic syndrome 

components (46). Besides that, the digit ratio is usually used for 

research in finding relation between physiological and 

psychological conditions including fertility; athletic ability; 

gender-related disease; social behavior; sexual orientation 

(17). Several conditions such as autism, depression, congenital 

adrenal hyperplasia, polycystic ovary syndrome (15). Based on 

several digit ratio studies which related to cardiometabolic 

disease were using more than 1000 subjects, whereas in this 

study the subjects were only 80 so that the digit ratio indicator 

still could not describe a person’s metabolic status. This study 

also required subjects with various nutritional status groups. 

CONCLUSIONS 

There was a positive and significant correlation between 

the waist circumference to height ratio (WHtR) with the 

metabolic syndrome score (cMetS). In addition, WHtR was also 

correlated with 2 components of metabolic syndrome, namely 

waist circumference and blood pressure. Digit ratio was not 

related to metabolic syndrome score (cMetS). 
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