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ABSTRACT

Objective: To explore the correlation of wrist circumference (WrC) with various obesity indices and to determine gender-specific optimal
cut-off points of WrC for obesity.

Study Design: Cross-sectional study.

Place and Duration of the Study: Dow University of Health Sciences, Karachi, Pakistan, from December 2021 to December 2022.
Methodology: Two hundred and eighty residents of Karachi, aged 30-60 years, participated in this research. Established methods were
used to measure body mass index (BMI), waist circumference, hip circumference, neck circumference, WrC, visceral fat level, waist-hip
ratio, abdominal volume index, and body roundness index. Correlation of WrC with all obesity markers was done and scatterplots were
obtained. Receiver Operating Characteristic curves were plotted to find the gender-specific cut-off value of WrC.

Results: Of the total 280 subjects, 191 (68%) were females and 89 (32%) were males. The overall mean age was 42.04 + 9.12 years
(range: 28-65 years). The mean WrC in males and females were 16.32 + 1.01 cm and 14.82 + 1.03 cm, respectively. The WrC correlated
best with neck circumference in males (r = 0.758; p<0.001) and BMI in females (r=0.615; p<0.001). The scatterplots obtained showed posi-
tive linear relationships between WrC and anthropometric variables. The cut-off values of WrC for adult males and females when compared
to waist circumference were 15.45 cm and 13.95 cm, respectively.

Conclusion: Measurement of the WrC can be a helpful indicator to identify excess weight in the general population. Its ease of measure-
ment makes it applicable in both routine clinical practice and extensive epidemiological research.
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INTRODUCTION

Obesity is a global epidemic, with Pakistan ranking ninth in
obesity rates worldwide.! Identifying reliable and accessible
markers for obesity has become an area of intense research
interest. Researchersare exploringwrist circumference (WrC) as
apotential indicator of obesity due toits correlation with body fat
distribution and overall adiposity, addressing the need for reli-
ableandaccessible markers.’

Multiple methods exist to assess body fat accumulation, but
consensus on the best method for measuring obesity is lacking.
Each method has pros and cons and may be more suitable in
specific cases.’ For instance, the body mass index (BMI), a
popular indicator, only indicates general obesity and cannot
differentiate between fat, muscle, and bone weight.* Conse-
quently, a bodybuilder and a person with excess fat could have
thesameBMI.?
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In busy clinical settings, accurately measuring waist circumfer-
ence (WC) in obese individuals becomes challenging due to
interference caused by clothing and poor visibility of land-
marks. This compromised accuracy is further exacerbated by
operator variability, which can impact the results.® Despite
these challenges, WC is still used as a primary criterion in diag-
nosing disorders like metabolicsyndrome.

Multiple studies have investigated the association between
WrC and obesity, aiming to determine its usefulness as a proxy
measure for body fat content.? WrC is considered to be an easily
measurable anthropometric parameter, and its potential to
predict obesity has drawn attention due to its simplicity and
non-invasive nature.

Extensive research conducted on a population of Turkish chil-
dren and young adults unveiled a significant correlation
between WrC and body frame size. The findings indicated that
WrC could serve as a valuable indicator for assessing obesity
and metabolic risk.” in a systematic review and meta-analysis,
an increase in WrC increased the risk for cardiometabolic risk
factors.®

Moreover, other research studies have highlighted the poten-
tial of WrCin specific populations. Forinstance, inarecentstudy
conducted in South Indian young people and teens, WrC was
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identified as an important indicator of obesity, particularly
larger WrC being associated with higher risk of metabolic
syndrome, a risk factor for cardiovascular disease.’

While WrC shows promise as an indicator for obesity, it should
not be employed in isolation for obesity diagnosis. Incorpo-
rating it alongside other obesity measures allows for a more
comprehensive evaluation of adiposity. Research is needed to
set standardised WrC cut-offs and validate its use in diverse
populations. Incorporating WrC as an additional tool in obesity
assessment canimprove accuracy, accessibility, and effective-
ness of screening, monitoring, and preventive interventions.
The objective of this study was to investigate the relationship of
WrC with various obesity indices and to determine gender-spe-
cific optimal cut-off points giving healthcare clinicians a useful
tooltoreliably assess obesity risk.

METHODOLOGY

It was a cross-sectional study conducted at the Physiology
Department of Dow Medical College, Dow University of Health
Sciences (DUHS) in Karachi, from December 2021 to December
2022. Individuals aged 30 to 60 years were selected from the
general population of Karachi using non-probability purposive
sampling. To encourage participation, pamphlets were
distributed at DUHS, and the chief investigator provided
guidance. The study was approved by the DUHS Institutional
Review Board (IRB) committee dated on 30 December, 2021
(No.2238/DUHS/Approval/2021/646). All participantsreceived
detailed explanations of the study's goals, procedures, and
potential outcomes, and provided writtenand verbal consent.

The study's sample size of 280 individuals was established
using Power Analysis and Sample Size (PASS) software, version
11. This calculation was grounded in a correlation coefficient of
0.239, representing the relationship between WrC and fasting
insulin levels.” The test's parameters included an 80% power
anda95% confidenceinterval.

Participants who were excluded from the study included preg-
nant or lactating women, individuals with skeletal deformities
orbilateral wristfractures, bodybuildersorlabourers, aswellas
those with a history of diabetes, chronic liver disease, renal
dysfunction, orheartfailure.

Trained assistants collected anthropometric measurement
data for this study. Weight (kg) was divided by height (m?) to
determine BMI. Visceral fat (VF) was measured with bioelec-
trical impedance analysis, which assessed VF by passing a low
electrical current through the body. Muscular individuals
exhibited lowerimpedance due to their higher water contentin
muscles. The assessment of WC was conducted at the anatom-
icalmidpointoftheiliaccrestandtheverylastrib. Hip circumfer-
ence (HC) was taken around the fullest part of buttocks, just
below iliac crest. Waist-hip ratio (WHR) was obtained by
dividing WC by HC. Neck circumference (NC) was measured
with 0.1 cm (1 mm) precision inferior to thyroid cartilage in the
larynx, at right-angle to midline of the neck. These measure-
ments provide valuable insights into body composition and

help evaluate health-related risks. WrC was measured with 0.1
cm precision as participants sat with hands facing up. The wrist
sizewasdetermined withanopen hand, measuring thefarthest
points oftheradiusand ulna. The superiorborder was read over
the Lister tubercle foraccuracy. Abdominal Volume Index (AVI)
quantifies abdominal adiposity by calculating the volume
between WC and HC, providing a measure of abdominal fat
accumulation. It was calculated as AVI = [2WC* + 0.7(WC -
HC)’1/1000."

Body Roundness Index (BRI) for predicting central obesity was
measured withthe equation:

BRI=364.2-365.5xV1—-{[(WC/(2m))*}/[(0.5 X height)*]}.**

Data analysis was performed using SPSS version 21. Descrip-
tive statistics were utilised to summarise subject characteris-
tics in terms of counts and percentages, where required. To
explore gender differences, an independent sample t-test was
employed. Pearson's correlation coefficients were computed
to explore the association between WrC and other markers of
obesity. Scatterplots were generated to visualise the relation-
ship between obesity variables. The data were divided into
tertiles based on WrC, and a one-way ANOVA was conducted to
investigate associations among various anthropometric vari-
ables. All statistical tests were considered significant at a
threshold of p<0.05. Receiver operating characteristic (ROC)
curvesweregeneratedto establish the cut-off value for WrC.

RESULTS

The study consisted of 280 participants, with 89 males (making
up 32%) and 191 females (constituting 68%) of the total
sample. The participants' average age was 42.04 £ 9.12 years.
The range for the BMI was from 17.40 to 40.00 kg/m’, with the
average being 28.37 + 5.14 kg/m’. Males were younger than
females (38.64 + 8.22 and 42.83 + 9.15 years, respectively,
p<0.001). However, they were comparable in terms of BMI, HC,
and BRI. All other adiposity variables showed significant gender
differences (all p-values <0.001). A Pearson correlation coeffi-
cientwas generatedinordertoanalysethe correlation between
WrCand otherindicesof obesity (Tablel). The strongest correla-
tion in men was with NC (r=0.758; p<0.001) and in women, it
was with BMI (r=0.615; p<0.001); WC (r=0.604; p<0.001); HC
(r=0.606; p<0.001); and NC (r=0.600; p<0.001). In general,
correlationswithWrCwere strongeramongwomenthanmen.

Figure 1 shows scatterplots between WrC, BMI, and WC in both
genders. There was a moderate, positive, linear relationship
seen in males between WrC against both BMI (r=0.425;
p<0.001)and WC (r=0.531; p<0.001). Infemales, the relation
was found stronger between WrC against both BMI (r = 0.615;
p<0.001)andWC(r=0.604;p<0.001).

Gender-wise adiposity indices were examined based on Tertiles
of WrC (Table Il). One-way ANOVA was conducted to compare
means among the Tertiles. The findings revealed a significant
increaseinall obesity indices exceptfor WHR in both genders as
WrCTertilesincreased.
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Table I: Correlation of wrist circumference with anthropometric indices of obesity.

Males (89) Females (191)
Correlation (r) p-value Correlation (r) p-value

Body Mass Index (kg/m?) 0.425 <0.001*** 0.615 <0.001***

Visceral Fat Level 0.500 <0.001*** 0.524 <0.001***

Waist Circumference (cm) 0.531 <0.001*** 0.604 <0.001***

Hip Circumference (cm) 0.310 0.003** 0.606 <0.001***

Waist Hip Ratio 0.408 <0.001*** 0.234 <0.001***

Neck Circumference (cm) 0.758 <0.001*** 0.600 <0.001***

Abdominal Volume Index 0.510 <0.001*** 0.587 <0.001***

Body Roundness Index 0.385 <0.001*** 0.449 <0.001***

Note: Pearson’s Correlation (r) between wrist circumference and other anthropometric variables. ¥*p<0.05; **p<0.01; ***p<0.001.

Table II: Anthropometric Indices of males and females across Tertiles of wrist circumference.
Males
Tertile 1 (<16.1 cm) Tertile 2 (16.1-16.8 cm)  Tertile 3 (>16.8 cm) p for trend
WrC (cm) 15.38%+0.61 16.44+0.20 17.31+0.79 <0.001***
BMI (kg/mz) 26.08+3.63 27.76+4.32 31.09+4.50 <0.001***
VF level 9.91+3.62 11.23+4.18 14.93+4.19 <0.001***
WC (cm) 94.21+8.43 97.92+9.60 106.19+9.88 <0.001***
HC (cm) 102.11+8.36 103.02+8.81 108.75+7.18 0.004**
WHR 0.92+0.07 0.95+0.05 0.97+0.05 0.008**
NC (cm) 35.75%2.24 37.46+1.80 39.31+2.80 <0.001***
AVI 18.48+2.60 19.38+3.87 22.87+3.99 <0.001***
BRI 4.95+1.17 5.10+1.30 6.27+1.63 0.001**
Females
Tertile 1 (<14.1 cm) Tertile 2 (14.1-15.4 cm) Tertile 3 (>15.4 cm) p for trend

WrC (cm) 13.67+0.47 14.76+0.31 15.96%0.50 <0.001***
BMI (kg/mz) 24.55+3.92 28.58+4.04 31.94+4.71 <0.001***
VF level 6.58+2.25 8.51+2.21 9.43+1.75 <0.001*+**
WC (cm) 83.84+11.53 93.99+9.34 101.43+10.38 <0.001***
HC (cm) 96.76+8.87 105.91+8.00 111.68+9.45 <0.001***
WHR 0.86+0.07 0.89+0.08 0.91+0.07 <0.001***
NC (cm) 30.93+1.96 32.33+1.89 34.29+1.73 <0.001*+**
AVI 15.50%+3.43 18.48+2.86 21.19%3.79 <0.001*+**
BRI 4.85+1.50 5.78+1.25 6.57+1.55 <0.001***

Note: One-way ANOVA to compare means between Tertiles. Variables are represented as mean=SD. *p<0.05, significant; **p<0.01, very significant;

*¥kp<0.001, extremely significant. Abbreviations: WrC, Wrist circumference; BMI, Body mass index; VF, Visceral fat level; WC, Waist circumference; HC, Hip
circumference; WHR, Waist-hip ratio; NC, Neck circumference; AVI, Abdominal volume index; BRI, Body roundness index.
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Figure 1: Scatter plot showing correlation (r) of wrist circumference (WrC; cm) with Body Mass Index (BMI: kg/m?) and waist circumference

(WC; cm) in male and female subjects.
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The ROC curve was analysed for both BMI and WC to assess
the sensitivity and specificity of WrC as an important marker
for obesity. The ROC curve demonstrated a high level of AUC
equal to 0.757 in men, while in women, it was above 0.829
indicating a superior accuracy in distinguishing obesity and
the potential clinical utility of WrC as an index of obesity.
The cut-off points of WrC versus BMI among males and
females were 16.05 cm and 14.45 cm, respectively. Simi-
larly, the cut-off points of WrC versus WC among males and
females were 15.45 cm and 13.95 cm, respectively.

DISCUSSION

The use of WrC as a marker of obesity has been a subject of
interest and debate in recent research. In this study, the
association between WrC and various obesity indices was
examined to determine its validity and potential as a prac-
tical measurement tool. This study has made marked contri-
bution to the existing body of knowledge, as a research was
conducted within the general population of Karachi.

The research revealed a substantial frequency of adiposity,
with 82.0% of males and 79.6% of females falling into the
overweight or obese category, defined by a BMI of 23 kg/m?
or higher. This observation underscored the widespread pres-
ence of a significant contributor to non-communicable
diseases within this population.

The use of WrC as a measurement for assessing obesity is
an emerging area of research and clinical practice. Tradition-
ally, BMI, WC, and other anthropometric measurements have
been widely used to determine obesity levels. However,
recent studies have suggested that WrC may provide addi-
tional insights into body composition and health. In this
research, notable positive correlation was observed between
WrC and the majority of obesity indices.

According to an Indian study, WrC measurement comple-
ments obesity assessment in resource-constrained settings,
providing insights into generalised and abdominal obesity
and indirectly assessing insulin-resistance.” It serves as a
practical alternative when BMI or accurate WC measurement
is challenging.”® An extensive long-term study with a follow-
up time of 8.8 years found that WrC is a valid marker for
metabolic syndrome and diabetes mellitus among 6393
adult volunteers. Regardless of BMI, this study found that a
woman's WrC was an accurate identifier of both subcuta-
neous and visceral fat."* In another study conducted on the
lifestyle behaviour of children and anthropometric indices, it
was observed that WrC was more significant than BMI and
WC in certain aspects.”

The WrC is an emerging anthropometric measure that
reflects skeletal frame size and may provide valuable infor-
mation about an individual's body composition and health
risks. Studies have shown that WrC is associated with bone
mineral density and risk of fracture,'® cardiovascular risk

factors,” and metabolic syndrome.® Wrist bone mineral
density measurement holds diagnostic potential for identi-
fying osteoporosis in post-menopausal women."® Recent
scholarly publication shed light on the recognition of the
skeletal system as an emerging endocrine organ. It has
become evident that bones play a significant role in the
metabolism of glucose by influencing insulin levels through
the hormone osteocalcin. Produced by osteoblasts, osteo-
calcin improves insulin sensitivity, thereby contributing to
the regulation of glucose balance through endocrine path-
ways. Studies have established a connection between
insulin-resistance and compensatory hyperinsulinaemia,
leading to an increase in bone mass. Interestingly, the
measurement of wrist circumference offers a simple means
to identify this relationship.”

WrC alone does not directly indicate health status or risk of
diseases. However, larger WrC may be associated with a
higher risk of certain conditions, such as cardiovascular
disease or diabetes, when considered in conjunction with
other factors.”

Recent research suggested that NC and WrC indicate upper
body fat distribution and can identify overweight or obese
patients.”* Over the past decade, multiple studies have
shown that NC is a better indicator of VF and insulin-resis-
tance than other anthropometric parameters.””” In this
study, WrC correlated best with NC for men and BMI, WC,
HC, and NC for women.

The range of WrC that best-identified individuals at an
elevated risk for cardiometabolic conditions was found to be
17.5-17.8 cm for men and 16.0-16.7 cm for women in
Ghanaian subjects.”” An Indian study suggested cut-offs of
15.1 cm for males and 13.9 cm for females at 18 years and
above.” Ethnic disparities and the selection of obese partici-
pants may explain variations in cut-off values. In the 10-19-
year age group, in a Pakistani research, the average WrC
was 14.45 cm for males and 13.81 cm for females, closer to
the findings of the current study.” In this study, adult cut-
offs were lower when compared to WC than when compared
to BMI, especially in males. As upper body obesity is defined
to encompass abdominal obesity and includes WrC, NC, and
WC, a cut-off value based on WC rather than BMI would be
preferable.

This study's limitations included a small sample size, the
impact of genetic, cultural, and behavioural factors on gener-
alisability, incomplete analysis of cardiometabolic risks tied
to WrC, and the absence of consideration for potential
confounding variables like physical activity, diet, and
medical conditions.

CONCLUSION

Measurement of WrC has emerged as a promising and
predictive tool due to its strong associations with WC, BMI,
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obesity, and cardiometabolic markers. The establishment of
ethnic-specific thresholds for WrC would benefit from further
cohort studies. While WrC measurement holds significance,
its utility should be considered in conjunction with other
factors such as body fat levels, muscle mass, fat distribution,
BMI, and WC to provide a comprehensive assessment of
obesity risk.
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