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Abstract
Obesity, particularly central obesity, is the most harmful in terms of various 
metabolic disorders and conditions. A cutoff of 0.5 for waist-to-height ratio 
(WHtR) has been suggested as the first level of risk. WHtR is a simple index, 
potentially a good alternative for central obesity and has enormous practical 
advantages. The objectives were to develop an innovative tool for central 
obesity assessment using a string and to explore the incidence of central 
adiposity among young adults using traditional methods and a string test. 
This observational pilot study was carried out among young adults aged 
18-25 years. Assessment of obesity was done using weight and body mass 
index (BMI). Assessment of central obesity was done by measuring the waist 
circumference, hip circumferences, waist-to-hip ratio (WHR) and WHtR. The 
string test was carried out using a non-stretchable jute twine string. The length 
of the string was measured from head to toe of the participant and a measured 
string was folded in half. Using this folded string, the participant’s waist 
circumference was assessed. The participants were categorized as ‘at risk’ if 
the folded string was smaller than the waist circumference. Forty (40) young 
adults (males and females) with a mean age of 21.3±2.26 years participated 
in this study. The mean WHR of females and males were 0.81±0.074 and 
0.74±0.16 respectively. Whereas the mean WHtR among females was 
0.50±0.07 and 0.43±0.10 among males. As per WHtR categories, 18(45%) 
participants were at risk, 2 (5%) were at high risk and the remaining were at 
no risk. The distance between the two ends of the string showed a significant 
correlation with WHtR (p<0.01). Similarly, string test observational categories 
and WHtR categories correlated significantly (p<0.05). The Cronbach alpha 
analysis of the string test technique was observed to be reliable (α=>0.7). 
WHtR is a simple anthropometric representation to identify central adiposity. 
The World Health Organization has stated that WHtR >0.5 is a good predictor 
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of metabolic risk. Thus, this pilot study was an attempt to observe that the 
string test is a potentially convenient tool for screening central obesity in 
the Indian community. 

Introduction
The term obesity or adiposity is used for excess 
weight, specifically high body fat, as stated by the 
American Heart Association.1 It is a well-known 
fact that obesity increases the risk for various 
metabolism-linked disorders such as hypertension, 
diabetes mellitus, cardiovascular conditions, joint 
issues, etc. Obesity is measured by body weight 
and body mass index (BMI). The distribution of body 
fat can be measured using waist circumference, 
waist-to-hip ratio (WHR), and waist-to-height ratio 
(WHtR). In addition to this, measurement of body 
fat percentage, muscle mass, bone mass, and 
visceral fat are important for clinical assessments. 
There are several techniques for the measurement 
of body composition.2 In clinical settings, commonly 
used techniques are anthropometric measurements, 
skinfold thickness, bioelectrical impedance 
analysis (BIA), ultrasound, hydrostatic weighing, 
air displacement plethysmography, dual X-ray 
absorptiometry (DEXA), etc. However, the most 
easily applicable techniques in day-to-day use are 
anthropometric indices and BIA for clinical and 
community settings. However, these methods to 
measure obesity/adiposity and central obesity are 
expensive. Central obesity is the most harmful 
in terms of various metabolic disorders and 
conditions.3-5 A cutoff of 0.5 for WHtR has been 
suggested as the first level of risk.6 A simple index 
such as WHtR is a good proxy for central obesity and 
has great practical advantages.7 This explains that 
“waist circumference should be half of the height”, 
which is the rationale for this study. The “string test” 
concept was first described by Dr. Margaret Ashwell 
and Dr. Sigrid Gibson.8,9 The laboratory equipment/
expensive techniques needed for screening central 
obesity can be replaced by a simple “string test” to 
check the ratio of waist circumference to height in 

Indian population. Therefore, this pilot study aimed 
to explore the prevalence of central adiposity among 
young adults using traditional methods and a string 
test.

Materials and Methods
This observational study was conducted among 
young adults in the age group of 18-25 years. It was 
a pilot study of the proposed work, and the sample 
size was decided on the basis of the prevalence 
of a similar study.10 The sample size for this pilot 
study was computed using the Cochran formula, 
and it was computed as n = 40.11 The inclusion 
criteria comprised healthy young adults in the age 
group of 18-25 years. An equivalent number of 
males and females were included to ensure the 
equal participation of both genders. Whereas the 
exclusion criteria were young adults diagnosed with 
any metabolic disease such as diabetes mellitus, 
hypertension, kidney diseases, thyroid disorders, 
etc., and those taking any hormonal therapy or 
medications. The study was carried out as per the 
principles stated in the Declaration of Helsinki. The 
research proposal and protocol were approved 
by the Research Advisory Committee of SNDT 
Women’s University and the Ethics Committee 
of Jehangir Clinical Development Centre (JCDC/
BHR/24/053). 

Before enrolling in the study, willing participants were 
informed about the study, and their written consent 
was undertaken. Study participants were recruited in 
this pilot study from August to October 2024. All the 
instruments for anthropometric measurements were 
calibrated before the data collection. Additionally, 
field assistants were trained, and their interobserver 
variance was verified to ensure the standardization 
of the adopted techniques. 

Abbreviations

BMI 		  Body Mass Index
WC 		  Waist Circumference
HC 		  Hip Circumference
WHR 		  Waist-to-hip ratio
WHtR 		  Waist-to-height ratio
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Sociodemographic Information
A questionnaire on socio-demographic information 
included the age, gender, educational details, and 
occupational details of the participants.
 
Medical History
This included information about the participant’s 
health-related history, and current health issues if 
any. Detailed information on substance abuse was 
recorded. 

Measurement of Anthropometric Parameters
The anthropometric measurements were taken using 
a standard protocol wherein the participants were 
asked to wear appropriate light garments. 

Height
A stadiometer (SECA 213) was used for the 
measurement of height. The participants were 
asked to stand straight on the stadiometer, without 
shoes and head positioned in the Frankfurt plane. 
The height was documented to the nearest 0.1 cm. 

Weight
A calibrated digital weighing scale (TANITA BC533) 
was used for the measurement of weight. The 
weight measurement was done after removal of 
the footwear. 

Body Mass Index (BMI)
BMI was computed using the formula: BMI = Weight 
(kg)/Height (m)2

The participants were then categorized into BMI 
categories for Asia-Pacific countries.12,13 According 
to these, participants will be categorised as 
underweight (BMI <18.5 kg/m2), normal (BMI 18.5-
22.9 kg/m2), overweight (BMI 23-24.9 kg/m2), obese 
(BMI 25 kg/m2).

Waist Circumference and Hip Circumference
A non-stretchable tape (SECA 201) was used for 
waist and hip circumference measurements. Study 
participants were instructed to stand upright, with 
their feet held together for both measurements. The 
midpoint between the lower rib and iliac crest was 
identified to measure the waist circumference. The 
hip circumference was measured at the maximum 
protruding circumference around the buttocks. The 
waist-to-hip ratio (WHR) was computed using the 

standard formula waist circumference in cm divided 
by hip circumference in cm.6  

Waist-to-Height Ratio
The formula to compute the waist-to-height ratio 
(WHtR) was waist circumference in cm divided 
by height in cm. It indicates the risk for metabolic 
conditions. The categories for WHtR observations 
were no risk (<0.49), at-risk (0.5-0.6), and high risk 
(>0.6).14

Ashwell String Test
A non-stretchable jute twine string (‘Sutali’) was 
used. The length of the string was measured from 
head to toe of the study participant. Then the 
measured string was folded in half and using this 
folded string, the participant’s waist circumference 
was assessed. The observations of the string test 
were noted as the string sufficient, string overlapped, 
and the gap between the two ends of the string. 
Then the participants were categorized as ‘at 
risk’ if the folded string was smaller than the waist 
circumference.9

Table 1: Anthropometric parameters 
across the participants

Anthropometric	                   Mean (SD)
Parameters	
	 Females	 Males

Height (cm)	 157.06±9.78	 167.68±9.15
Weight (Kg)	 55.85±15.46*	 62.58±12.08
BMI (Kg/m2)	 22.26±5.12	 22.38±3.27
WC (cm)	 78.91±12.73*	 72.90±18.57
HC (cm)	 96.24±13.87	 99.20±21.13
WHR	 0.82±0.07*	 0.74±0.16
WHtR	 0.50±0.07**	 0.44±0.10

*Significant correlation with String test categories 
(p<0.05)
**Significant correlation with String test categories 
(p<0.01)
Abbreviations: (BMI) Body Mass Index; WC Waist 
Circumference; HC Hip Circumference; WHR Waist-
to-hip ratio; WHtR Waist-to-height ratio

Statistical Analysis
Statistical Package for Social Sciences (SPSS) 
software v. 16.0 for Windows was used to perform the 
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statistical analysis. The data analysis was reported 
referring to the STROBE guidelines.15 Baseline 
data was reported using descriptive statistics. The 
association between variables was tested using 
Pearson’s and Kendall’s Tau-b tests. The reliability of 
this pilot study was tested by calculating Cronbach’s 
alpha. The data was considered significant if p <0.05. 

Results
A total of 40 young adults participated in the study 
where 20 (50%) were males and 20 (50%) were 
females. The mean age of the study participants was 
21.3±2.26 years (18-24 years). Table 1 describes 
the anthropometric measurements of the study 
participants. The waist circumference was within the 
normal range as per WHO standards in females and 
males.6 However, WHR and WHtR were observed 
to be on the borderline among females. Weight 
(ρ=0.371, p<0.05), waist circumference (ρ=0.387, 

p<0.05) and WHR (ρ=0.411, p<0.05) were correlated 
positively with string test categories in females which 
was significant.  Also, WHtR (ρ=0.486, p<0.01) 
showed a highly significant correlation with string 
test categories in females. There was no significant 
correlation observed for anthropometric parameters 
and string test categories among males. 

The mean BMI was observed to be 22.26±5.12  
Kg/m2 and 22.38±3.27 Kg/m2 among females and 
males respectively, which was within the normal 
category as per WHO Asia Pacific standards.12,13 

Figure 1 illustrates the distribution of males and 
females across BMI categories. About one-third of 
the female participants (30%) were in normal BMI 
category, whereas half of the male participants 
(50%) were in the normal BMI category. About 15% 
of females and 35% of males were overweight and 
20% of females were obese.

Fig. 1: BMI distribution across the study participants

The WHtR is an indicator of the central adiposity. 
According to the NICE guidelines14 for WHtR, 0.4-
0.49 indicates a healthy ratio. A ratio of 0.5-0.59 and 
greater than 0.6 respectively represent an increase 
in central adiposity posing a greater health risk.7 

Figure 2 represents the observed WHtR categories. 
It was observed that 40% of females and 45% of 
males were at risk and 15% of females were in the 
high-risk category. Our findings reported that 45% of 
females and 55% of males were in ‘no risk’ category.

Fig. 2: Distribution of participants across the WHtR categories
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The Ashwell String test was first advocated in 2006 
as a simple method used for primary screening of 
central adiposity. It was further emphasized that 
a string test can be cost-effective in community 
settings for central adiposity assessment.9 

Figure 3 depicts the string test observations among 
study participants. The folded string was found to 
be sufficient in 5% of females and 25% of males, 

the string overlapped among 65% of females and 
60% of males, and a gap was observed in two ends 
of the folded string among 30% of females and 
15% of males. These observations indicate that 
12 (30%) females and 6 (15%) males were in the 
‘at risk’ category. The mean gap between the two 
ends of the folded string was 5.25±3.31 cm which 
is approximately a 3-finger gap. 

Fig. 3: String test observations among the participants

The string test observations correlated significantly 
with WHtR categories (τb = 0.367, p<0.05). This 
indicated that the string test observation criteria 
concur with the WHtR categories. The correlation 
was studied between WHtR and the gap between the 
two ends of the string. Pearson's correlation showed 
that WHtR correlated significantly with the gap 
between two ends of the string (r = 0.512, p<0.01).

The commonly used method in measuring the 
internal consistency of a tool is by calculating 
Cronbach’s Alpha coefficient.11 The reliability score 
was α=0.67 for WHR and α=0.68 for WHtR, whereas 
it was α=0.71 for string test observations. Overall 
Cronbach’s Alpha correlation was α=0.68 indicating 
an acceptable level of reliability.16 

Discussion
In this pilot study, 40 young adults participated 
with a ratio of 50:50 for males and females. The 
mean age of the participants was 21.3±2.26 years 
ranging between 18 to 24 years. WHR and WHtR 
were at the borderline among females while the 
waist circumference was within normal limits as per 
WHO standards. A study based on NFHS-517 done 

in India reported parallel findings, where 32.2% 
of women between the age of 20-29 years had 
abdominal obesity. The mean BMI was within the 
normal category as per WHO Asia Pacific standards 
which was 22.26±5.12 Kg/m2 and 22.38±3.27 Kg/m2 
among females and males respectively.12 But 15% 
of females and 35% of males were overweight and 
20% of females were obese. The ICMR-INDIAB 
study has indicated that BMI above 21 Kg/m2 
increases the risk of central obesity. Similarly, our 
observations for obesity prevalence among females 
from Maharashtra correspond with findings by the 
ICMR-INDIAB study.10 

About 40% of females and 45% of males were at risk 
and 15% of females were in the high-risk category 
of WHtR. These findings were comparable with 
the observations of the study conducted in the UK 
reporting 48% of women and 40% of men in at-risk 
category.18 

The string test observations showed that the mean 
gap between two ends of the folded string was 
5.25±3.31 cm which is equivalent to 3 fingers gap.  
A similar remark was made by Ashwell M,9,18 denoting 
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that a gap between two ends of the string indicates 
the health risk and a reduction in this gap will reduce 
the health risk. A significant correlation was observed 
between the string test observations and WHtR 
categories as well as between WHtR and the gap 
between the two ends of a string. These findings 
suggest the use of a simple string for a dichotomous 
assessment of central adiposity.19,20 

The reliability of this tool in this pilot study was 
found to be statistically acceptable, hence, it can be 
used as a reliable tool in the assessment of central 
adiposity in the Indian population.

Conclusion
Central adiposity is one of the major risk factors for 
health and central adiposity is on a rise in the Indian 
urban and rural population. Traditionally, obesity 
and adiposity are assessed by BMI, WHR, and 
WHtR, which require several equipment and trained 
personnel for measurements. This pilot study is an 
attempt to find an alternate and a non-cumbersome 
way of assessing central adiposity at the clinical as 
well as in community setup. The Ashwell String test 
was used to measure the central adiposity. It showed 
a statistically significant correlation with WHtR. 
Additionally, string test observation categories 
correlated significantly with WHtR categories. The 
use of the string test for screening has been included 
in the Government policy of Thailand and is also 
being used in the United Kingdom for community 
projects. Thus, this pilot study emphasized the use 
of a string test as an easy way of self-screening. 
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