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ABSTRACT

KEY WORDS

Although body mass index (BMI) is widely used as a simple tool to evaluate obesity, some
drawbacks and inaccuracies have been shown. It is known that visceral adipose tissue is
more closely related to cardiometabolic risks and all-cause mortality; however, accurate
measurement methods of visceral fat (magnetic resonance imaging and computed
tomography) cannot be widely used. Therefore, simple but accurate alternatives are
valuable. Studies have shown that waist circumference-to-height ratio (WHtR) might be a
superior and more accurate variable in assessing central or visceral adiposity as well as
predicting risks of diabetes and other cardiometabolic diseases. In addition, it has the same
threshold for the overall population irrespective of ethnicity, age and sex. Therefore,
because of its advantages, WHtR is worth popularization and application. In this review, we
will focus on the evidence on WHtR as a better and simpler anthropometric index
comparing with other indices in assessing adiposity, and predicting type 2 diabetes and
other cardiometabolic diseases.

waist circumference-to-height ratio; body mass index; diabetes; cardiometabolic diseases;
central adiposity
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1 Introduction

Obesity is a chronic disease that refers to the
presence of excessive fat mass or abnormal fat
accumulation that might have a negative impact on
health, reaching a pandemic level and becoming a huge
burden worldwide. In the past 40 years, from 1975 to
2016, the global prevalence of obesity and body mass
index (BMI)-based diagnosis has increased remarkably,
from 3% to 11% in men and from 6% to 15% in
women', Obesity can impair body health by increasing
the risk of a variety of diseases, including type 2
diabetes (T2D), hypertension, myocardial infarction,
fatty liver disease, obstructive sleep apnea, dementia,
stroke and several cancers, resulting in decreased quality
of life and shortened life expectancy.

Although obesity has a negative impact on health,
the different areas of excessive fat accumulation play
different roles. Previous studies have shown that
compared with subcutaneous adipose tissue, such as
adipose tissue in the legs and buttocks, altered and
ectopic fat distribution such as increased visceral
adipose tissue and fat depots in liver and skeletal
muscle, is related to higher total and cardiovascular
mortality?™,

In clinical practice or population-based studies,
there are several anthropometric measurements to define
overweight and obesity. BMI is the most widely used
measure and is calculated as one’s weight in kilograms
divided by the square of one’s height in meters.
However, although widely used, BMI is not an ideal

estimate of overall adiposity because it cannot

differentiate lean mass from fat mass, as well as
different types of adipose tissue accumulation, such as
visceral and subcutaneous depots. To detect obesity,
BMI has a very high specificity (97%) but poor
(42%) and

individuals™®”. Other anthropometric indices, such as

sensitivity sometimes  misclassifies
waist circumference (WC), are also used to detect
obesity, especially central obesity, with a cutoff point
of 280 cm for women and =94 cm for men in many
populations and a cutoff point of =88 cm for women
and =102 cm for men in the United States and Canada,
according to the clinical practice guidelines given by the
American Association of Clinical Endocrinologists
(AACE) and the American College of Endocrinology
(ACE)"™. Waist to hip ratio (WHR) is also a simple tool
to detect obesity and it also takes central adipose tissue
mass into consideration. However, the cutoff points of
WHR vary from 0.78-0.91 for women and 0.75-0.91

for men among different studies and different

populations”™ ",

Compared with BMI, WC and WHR, waist
circumference-to-height ratio (WHtR) is a relatively less
popular index and is less frequently used in clinical
practice. However, studies have indicated that WHtR is
better for assessing obesity, especially central
adiposity®™. In addition, as there is a close relationship
between central adiposity and diabetes and other
cardiometabolic diseases, WHtR also demonstrates a
role in predicting risks of diabetes and other
cardiometabolic diseases. Therefore, the aim of this
review is to discuss the advantages of using WHtR to
assess obesity, as well as its role in predicting the risk of

diabetes and other cardiometabolic disease.
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2 WHtR

WHtR is an anthropometric measurement that
considers both WC and height to detect obesity. This
metric is very simple and practical in evaluating obesity,
especially central adiposity, and it has the same
classification as the overall population, in spite of
gender, age or ethnicity™. The National Institute for
Health and Care Excellence (NICE) of the United
Kingdom encourages children more than 5 years old,
adolescents and adults with a BMI below 35 kg/m® to
use this index to assess central adiposity, which
indirectly reflects excessive fat accumulation in the
abdominal area™.

To calculate WHtR, WC needs to be measured
precisely by measuring the waist midway between the
bottom of the ribs and the top of the hips with natural
breath™. WC and height need to be measured in the
same units, and the calculation method of WHtR is to

divide WC by height measurement.

3 WHtR and central adiposity

Some previous clinical studies have proven that

WHItR is closely related to central adiposity. A cohort

1. " used dual energy X-ray

study by Staynor et a
absorptiometry (DXA) scans to measure the volume of
visceral adipose tissue (VAT) in 677 males and 738
females aged 18-65 years old from Western Australia.
Additionally, anthropometry variables, including BMI,
WC, WHR and WHtR, were also measured. The results
of Pearson’s correlations and Spearman’s correlations
suggested that for both sexes, WHtR (+=0.72 for
females, 7=0.79 for males) and WC (+=0.69 for females,
r=0.80 for males) were more closely correlated with
VAT mass than BMI (r=0.67 for females, =0.66 for
males) (all P<0.000 08)"?. Additionally, although WHR
demonstrated a good correlation in males (»=0.74), it had
a poor correlation in females (0.46) (all P<0.000 08)""*. A
cross-sectional study with 191 patients by Roriz et al.!"!
also demonstrated a close relationship between WHtR
and VAT area measured by computed tomography (CT):
r=0.79 for 20- to 59-year-old men (P<0.01), »=0.80 for
men over 60 years old (P<0.01); »=0.73 for 20- to 59-
year-old women (P<0.01) and r=0.64 for women over
60 years old (P<0.01). (Table 1)

Table 1 Results of Pearson’s correlations and Spearman’s correlations between anthropometric indices (BMI, WC, WHR

and WHtR) and volume of visceral adipose tissue

BMI WC WHR WHtR
Year & Author
female male female male female male female male
2020 Staynor [12] 7=0.67 =0.66 r=0.69 r=0.80 =0.46 r=0.74 =0.72 =0.79
2014 Roriz [13] / / / female female male male

=0.73 =0.64 =0.79 r=0.80

(20~59 years old) (=60 years) (20~59 years old) (=60 years)

Abbreviations: BMI: body mass index, WC: waist circumference, WHR: waist-to-hip ratio, WHtR: waist circumference-to-height

ratio.

Several previous systematic reviews have also
indicated that WHtR is more accurate in assessing
central adiposity than BMI and other anthropometric
indices. For example, a systematic literature review by
Correa et al. ", which included a total of 16 papers,
compared the roles of WHtR and other anthropometric
indices in assessing obesity and predicting chronic
noncommunicable disease. The study demonstrated that

five manuscripts (four cross-sectional studies and one

prospective study) reported that WHtR was the best
anthropometric index to evaluate adiposity and showed
the best correlation with the onset of cardiometabolic
diseases.

In addition, a newest clinical guideline of obesity
identification, assessment and management, released by
NICE, also recommended using WHtR to estimate
central adiposity in adults, especially those with BMI
under 35 kg/m’, as obesity defined by BMI needs to be
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interpreted with caution in individuals with a South
Asian, Chinese, other Asian, Middle Eastern, Black
African or African-Carribbean family background, or
those with high muscle mass™. In addition, the WHIR is
also a very simple and easily understood tool in clinical
practice because doctors only need to tell patients to try
to keep their WC to half their height (a WHtR
under 0.5)™.

Since WHtR has a better ability in assessing central
adiposity than BMI, WHtR may also have a closer
capacity in  predicting diabetes and  other
cardiometabolic diseases, because central obesity or
visceral obesity has a closer asscociation with
cardiometabolic diseases. Subcutaneous adipose tissue
(SAT) and VAT has different impacts on the risks of
cardiometabolic diseases. Since VAT locates inside the
abodomen, it has a close impact on abdominal organs.
For example, since VAT is mostly drained by the portal
vein, it can increase free fatty acid concentrations in the
portal vein, subsequently spilling over excessive free
fatty acids to the liver. Free fatty acid influx of the liver
can influence gene transcription of a couple of enzymes
involved with triglyceride syntehsis, leading to
hypertriglyceridemia*'®. Excessive VAT can also lead
to macrophage infiltration, causing increased secretion
of inflammatory cytokines and decreased secretion of
adiponection (a protective adipokine). Therefore, the
increased inflammation level can have a detrimental

effect on metabolic organs in the abdomen!",

4 WHtR and the risk of T2D

Since obesity has a close relationship with insulin
resistance, obese individuals are at a great risk of
developing T2D in their lifetime. Therefore, despite
assessing adiposity, WHtR also shows an ability to
predict T2D. NICE™ defines people with a WHtR of 0.4
to 0.49 as having healthy central adiposity with no
increased health risks, while a WHtR of 0.5 to 0.59
indicates increased central adiposity and elevated health
risks, and a WHtR of 0.6 or more indicates high central
adiposity and further increased health risks. The health
risks include T2D, hypertension and cardiovascular
disease.

Although some previous studies have proposed

several risk models'?” to predict the onset of diabetes

in the future, these risk models need to evaluate several
indices and complex account, and to some extent, they
are not easily available for patients. In addition,
although these risk models include obesity as a risk
factor for diabetes, most of them use BMI to identify
obesity. However, since central adiposity is more closely
related to cardiometabolic diseases such as T2D, WHtR
may be a better choice than BMI in assessing the risk of
T2D occurrence.

Some large clinical trials have demonstrated the
role of WHtR in predicting diabetes. A case — control
study consisting of 42 918 participants made by Hou et
al.”Y, which included an individually matched cohort of
region, sex and age, found that WC and WHtR were
more closely associated with newly diagnosed diabetes
mellitus (NDDM) than BMI in Chinese adults aged 20—
88 years old. The multivariable-adjusted odds ratio (OR)
of NDDM was 1.88 (95% confidence interval [CI] 1.80—
1.97) for WHtR, 1.87 (95% CI 1.79-1.97) for WC and
1.67 (95% CI 1.60 - 1.74) for BMI. A cross-sectional
study that included 21 109 participants by Lo et al.
illustrated that among BMI, WC and WHtR, WHtR had
the best predictive ability for diabetes, with an adjusted
OR of 3.16 (95% CI 2.53-3.95), while that of WC was
2.27 (95% CI 2.05-2.51) and that of BMI (per 5-unit
increase) was 1.40 (95% CI 1.36-1.45). Furthermore, a
10 521
reported that in unadjusted

national longitudinal cohort study with
participants by Lu et al.
logistic regression models, WHtR (OR: 2.19, 95% CI
1.35 - 3.55) was more closely related to the risk of
cardiometabolic multimorbidity (CM) than BMI (OR:
1.85, 95% CI 1.27-2.68). In addition, the correlation
between WHtR and CM risk persisted after multivariate
adjustments (OR: 1.76, 95% CI 1.05 - 2.97).
Additionally, our small sample study, a community-
based prospective cohort study of a total of 1 885
residents, also suggested that among BMI, WC, WHR
and WHtR, WHtR performed the best in predicting the
development of isolated impaired fasting glucose (IFG)
or impaired glucose tolerance (IGT), IFG+IGT and
NDDMP,

The diabetes prediction function of WHtR has also
been proven by some meta-analyses (Table 2). First, in
2008, a meta-analysis by Lee et al.”! was conducted to
compare which of the four anthropometric indices of
overweight and obesity (BMI, WC, WHR, WHtR)

©Journal of Central South University (Medical Science). All rights reserved.
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discriminate hypertension, T2D and dyslipidemia best.
Studies conducted on adults that used receiveroperating
characteristic (ROC) curve analysis with the area under
the ROC curve (AUC) to compare the discriminatory
power were included, and available data for T2D were
obtained from nine studies (one longitudinal and eight
cross-sectional studies). The results showed that
compared with BMI, indices that measured abdominal
obesity tended to have higher AUCs in both sexes, with
WHtR having the highest pooled AUC (0.73 for males
and 0.76 for females) and BMI having the lowest pooled
AUC (0.67 for males and 0.69 for females). In 2011,
another systematic review and meta-analysis by Ashwell
et al.®™ included 20 studies for men and 22 studies for
women to compare the role between BMI, WC and
WHtR in discriminating diabetes risk. The results
illustrated that the pooled AUC for both men and
women was highest for WHtR (mean AUC: 0.711 for
men and 0.752 for women, 95% CI 0.694 —0.728 for
men and 0.728-0.775 for women) and lowest for BMI
(mean AUC: 0.663 for men and 0.699 for women, 95%
CI 0.639-0.686 for men and 0.668-0.730 for women)
and intermediate for WC (mean AUC: 0.669 for men
and 0.742 for women, 95% CI 0.680-0.718 for men and
0.720-0.765 for women). In addition, a meta-analysis
that contained 15 prospective studies by Kodama et al**”
in 2012 aimed to determine the incident diabetes risk
prediction power among WHtR, BMI, WC and WHR
and the strength of the estimated pooled relative risk. A
bivariate random-effects model was used to compare the
estimated pooled relative risk ratio for a 1-standard
deviation (SD) increase in each indicator (expressed as
RRWHR, RRBMI, RRWC, and RRWHR). The results

demonstrated that the incremental diabetes risk was 1.62

(95% CI 1.48, 1.78) for RRWHItR, 1.55 (95% CI 1.43,
1.69) for RRBMI, 1.63 (95% CI 1.49, 1.79) for RRWC,
and 1.52 (95% CI 1.40, 1.66) for RRWHR. Therefore,
compared with BMI, WHtR showed modest but
statistically great power in the prediction of diabetes. In
2013, Savva et al.” conducted a meta-analysis with 19
eligible studies (14 cross-sectional and five prospective
studies) aiming to compare the link between BMI and
WHItR with cardiometabolic risks by using the estimated
pooled (rRR)  (rRR=RRBMI/
RRWHItR). The overall rRR clearly indicates that WHtR
is superior to BMI in detecting DM (rRR: 0.71, 95% CI
0.59-0.84). The association of WHtR with diabetes was
also stronger for both Asians (rRR: 0.64, 95% CI 0.50—
0.83) and non-Asians (rRR: 0.79, 95% CI 0.63-0.99).
Finally, in 2022, Jayedi et al.™ conducted the largest

relative risk ratio

systematic review as well as a dose — response meta-
analysis of a total of 216 cohort studies with 2.3 million
individuals, reporting the correlation between T2D
incidence and different
including BMI, hip
circumference, WHR, WHtR, body adiposity index,

anthropometric  indices,

circumference, WC, thigh

body shape index and body fat percentage (BFP). For
BMI, a total of 182 cohort studies including 5,585,850
participants were analyzed, showing that each 5-unit
increase (one SD) in BMI was associated with a 72%
higher risk of type 2 diabetes (RR 1.72, 95% CI 1.65 to
1.81, /=99%). For WHtR, there were 25 cohort studies
with 2, 100, 053 individuals included, and the results
revealed that each 0.1-unit increase (one SD) in WHtR
was linked with a 73% higher risk of T2D (RR 1.73,
95% CI 1.51 to 1.98, ’=97%). Therefore, WHtR was
superior to BMI in predicting the risk of T2D.

Table 2 Systematic reviews and meta analysis which reported the WHtR’s roles in predicting diabetes

. Articles Anthropometric
Year & Author Number of participants () i oo Results
included indices
2008 Lee total: 83 957 one longitudinal BMI, WC, AUC: WHtR: male 0.726 (95% CI 0.698, 0.754)
etal. [25] Chinese 59 971 study WHR, WHtR female 0.756 (95% C10.700, 0.811)
African ancestry 728 eight cross- WHR: male 0.721 (95% CI 0.664, 0.778)
Iranian 10 522 sectional female 0.748 (95% C10.687, 0.810)
Vietnamese 1 488 studies WC: male 0.701 (95% CI 0.670, 0.732)

Chinese, Malay, Indian 566
Thai 5 305
Japanese 4 557
German 5 377

female 0.744 (95% CI 0.695, 0.794)
BMI: male 0.672 (95% CI 0.646, 0.697)
female 0.693 (95% CI 0.629, 0.757)
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Table 2 (continued)

Articles Anthropometric

Year & Author Number of participants (7) . o Results
included indices
2011 Ashwell total: 197 000 20 cross- BMI, WC, AUC:
etal. [26] Thai 9 232; Turkish 1,692; Spanish 6 729  sectional WHtR WHtR: male 0.711 (95% CI 0.680,
Aboriginal 330; Chinese 153 221 studies 0.728)
Brazilian 968; Chilean 13 054 three female 0.752 (95% CI 0.728, 0.775)
Korean 7 001; Australian 9 206 prospective WC: male 0.699 (95% CI 0.680,
Non-Hispanic White, non-Hispanic studies 0.718)
Black and Mexican Americans: 6 277 female 0.742 (95% CI 0.720, 0.765)
Indigenous Australian 1 352; Iraqi 12 986 BMI: male 0.663 (95% CI0.639,
Iranian 16 091; Italian 1,104 0.686)
Japanese 2 935; American mixed 45 563 female 0.699 (95% CI 0.668, 0.730)

African ancestry 728
Chinese, Malay, Indian: 566
Mainly Caucasian 5 377
Maori and White 1 539

2012 Kodama total: 120 102 15 BMI, WC, Overall RR for each SD increase:
etal. [27] >50% white 40 168 prospective WHR WHtR WHtR: 1.62 (95% CI 1.48, 1.78)

>50% black 2 164 studies WC: 1.63 (95% CI1.49, 1.79)

other 77 770 BMI: 1.55 (95% CI 1.43, 1.69)

WHR: 1.52 (95% CI 1.40, 1.66)

2013 Savva total: 512 809 14 cross-sec- ~ BMI, WHtR rRR (RR,,,/RRy):
et al. [28] Asian 315 299 tional studies Overall 0.71 (95%CI: 0.59, 0.84)
non-Asian 197 510 five prospec- Asians 0.64 (95%CI: 0.50, 0.83)
tive studies Non-Asians 0.79 (95%CI: 0.63, 0.99)
2022 Jayedi total: 28,177,748 190 prospec- BMI, WC, Overall RR for each SD increase:
etal. [29] Australian 23,217; Thai 11,578 tive cohorts WHR,WHtR, BMI: overall 1.72 (95%CI: 1.65,
Canadian 22,080; American 818,093 studies BFP 1.81)

Korean 23,084,465; Chinese 2,664,153 26 retrospec- male 1.75 (95%CI: 1.64, 1.86)

Iranian 33,238; Japanese 418,072 tive cohort female 1.69 (95%CI: 1.61, 1.79)
British 428,885; Norwegian 102,760 studies WC: overall 1.61 (95%CI: 1.52, 1.70)

Brazilian 6,025; Spanish 60,135 male 1.68 (95%CI: 1.54, 1.82)
Swedish 16,788; German 42,252 female 1.68 (95%CI: 1.56, 1.81)
Danish 122,925; Finish 38,762 WHR: overall 1.63 (95%CI: 1.50,

Israeli 164,052; Dutch 25,568 1.78)
Indian 2,995; other 91,705 male 1.67 (95%CI: 1.47, 1.90)

female 1.71 (95%CI: 1.54, 1.90)
WHItR: overall 1.73 (95%CI: 1.51,
1.98)
male 1.74 (95%CI: 1.62, 1.90)
female 1.72 (95%CI: 1.61, 1.86)
BFP: overall 2.05 (95%CI: 1.41,
2.98)

Abbreviations: BMI: body mass index, WC: waist circumference, WHR: waist-to-hip ratio, WHtR: waist circumference-to-height
ratio, AUC: area under the receiver operating characteristics curve, CI: confidence interval, RR: relative risk, SD: standard deviation,

rRR: relative risk ratio, BFP: body fat percentage.
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5 WHtR and the risks
cardiometabolic diseases

of other

Despite diabetes, obesity patients are also prone to
have other other cardiometabolic diseases, including
hypertension, dyslipidemia, metabolic syndrome (MS)
and cardiovascular disease (CVD). Although previous
studies have suggested roles of different anthropometric
indices (BMI, WC and WHR) in predicting future risks

of other cardiometabolic diseases?**"

, recent studies
have suggested WHtR as an emerging anthropometric
parameter for detecting risks of cardiometabolic

diseases of obesity patients'™*****.

5.1 WHtR and the risk of hypertension
According to previous studies, WHtR has a good
capacity to predict future hypertension risk for obesity
patients. Jayedi et al."””’ once conducted a systematic
of 57

prospective cohort studies, and found that among

review and dose-response meta-analysis
several different anthropometric indices, WHtR showed
the greatest RR for hypertension: 1.74 (95% CI 1.35,
2.13; I’=58.9%, number of studies (n)=4) for a 0.1-unit
increment, while the RRs were 1.49 (95% CI 1.41, 1.58;
PP=97.4%, n=50) for a five-unit increment in BMI, 1.37
(95% CI 1.24, 1.51; F=76.4%, n=8) for a 0.1-unit
increment in WHR, 1.27 (95% CI 1.15, 1.39; ’=95.0%,
n=14) for a 10 cm increment in WC, and 1.16 (95% CI
1.09, 1.23; =77.8%, n=5) for weight gain equal to a
one-unit increment in BMI. Wang et al. [38] analyzed
the date from a prospective cohort of 4458 individuals,
and found that compared with the group with lower
WHIR, those with higher WHtR had a higher incidence
of hypertension (P<<0.001). Furthermore, multivariate
Cox regression analysis demonstrated that the
hypertension risk was 1.45 times higher in the group
with high WHtR than in the group with low WHtR.
Every 0.1 unit increase in WHtR would increase the
hypertension risk by 30.4% (P<<0.001). ROC analyses
also indicated that WHtR was a superior indice than
BMI in predicting new-onset hypertension (AUC: 0.626
vs. 0.607, P=0.009).

However, not all studies reported that WHtR
performed better than other indices, for example, the
systematic review and meta-analysis by Galderon-

1 [39]

Garcia et a , which included 12 cross-sectional

studies and one prospective study, suggested that BMI,
WC and WHtR had similar AUC in predicting
hypertension: 0.67 (95% CI 0.64 - 0.69) of BMI, 0.68
(95% CI 0.66-0.70) of WC and 0.68 (95% CI 0.66 -
0.71) of WHtR. Tao et al. *”’ who analyzed 21 cross-
sectional studies, also reported that for boys, pooled
AUC and 95% CI for BMI, WC and WHtR to detect
hypertension were 0.68 (0.64, 0.72), 0.69 (0.64, 0.74)
and 0.67 (0.63, 0.71); for girls, pooled AUC and 95% CI
for BMI, WC and WHtR to detect hypertension were
0.70 (0.66, 0.75), 0.69 (0.64, 0.75) and 0.67 (0.63, 0.72).

5.2 WHtR and the risk of MS

Results from the meta-analysis of Ochoa et al.'
which involved 31 studies with 66.912 subjects,
demonstrated that elevated WHtR (cut-off point: 0.5)

41
2

was related to a four-fold increased risk of MS (odds
ratio [OR] 4.15, 95% CI 2.69 to 6.42) and two-fold
increased risk after adjusted by general obesity (adjusted
OR 2.26, 95% CI 1.29 to 3.98). Meanwhile, the cut-off
point of 0.5 had a sensitivity of 60% (95% CI 50% to
68.8%) and a specificity of 79% (95% CI 71.6% to
83.9%). Savva et al. ** also drew a conclusion that
WHtR had a greater association than BMI with MS
(rRR: 0.92, 95% CI 0.89 - 0.96) in cross-sectional

studies.

5.3 WHtR and the risk of CVD

It is suggested that obesity is an independent risk
factor for CVD, which mainly includes coronary heart
disease (CHD), cerebrovascular disease, peripheral
arterial disease and rheumatic heart disease. Evidence
has showed that WHtR are associated with increased
CVD risks. Feng et al. [42] used date from a prospective
cohort study of the UK Biobank, and found a
consistenly positive linear correlation of WHtR with
incident ischemic CVD, myocardial infarction (MI), and
ischemic stroke (IS). Additionally, compared with
women with low WHtR (<0.5), women with high WHtR
(=0.5) demonstrated 49%, 54%, and 48% higher risks of
ischemic CVD, MI, and IS. For the male, there were
also 41%, 52%, and 19% higher risks of ischemic CVD,
MI, and IS in high WHtR group (=0.5) than low WHtR
group (<0.5).

Quite a few research suggested that WHtR might
be a better screening tool than BMI in predicting CVD
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risks. A systematic review of 22 prospective studies and
44 cross-sectional studies by Browning et al. ™
concluded that WHtR and WC were stronger predictors
than BMI for CVD. Ashwell et al’ s study also
demonstrated that WHtR had greater AUC than WC and
BMI in predicting CVD risks. Furthermore, results from

Savva et al.®

also showed that in prospective studies, it
seemed that WHtR was better than BMI in detecting
CVD outcomes, including incident CVD, mortality of

1 also

CVD and all-cause mortality. Feng et al. ¥
suggested that solely depending on WC may lead to
overlooked obese individuals, because there are 32%
participants had high WHtR but normal WC. And these
people with normal WC but increased WHtR are more

vulnerable to CVD diseases.

6 Discussion

There are several different athropometric metrics
used to indirectly assess adiposity, including BMI, WC,
WHR and WHtR. To begin with, it is noted that BMI is
most frequent used parameter in assessing overweight
and obesity. However, there are some drawbacks. First,
unlike WHtR and WC, BMI does not distinguish
whether the increase in whole body weight is due to an
increase in adipose tissue mass, especially abdominal fat
mass, or an increase in other tissue mass, for example,
muscle mass. Therefore, some mistakes are made in
predicting cardiometabolic disease risks if based on
BMI alone. Additionally, because different ethnic groups
have different cutoff points of BMI, in regard to
application, BMI is not as comparable as WHtR in
epidemiologic research. In addition, BMI cannot capture
age-related changes in the body well. NICE agreed that
the BMI results may not be accurate in people older than
65 because their functional capacity may be reduced
owing to conditions including sarcopenia. In addition, it
is also recognized that a slightly higher BMI in older
people may have a protective role in reducing the risk of
all-cause mortality and preventing undernutrition. This
paradox is probably owing to that elder people with
lower BMI have less muscle mass and a decreased
muscle mass to adipose tissue mass ratio. Meanwhile,
this kind of (relatively higher BMI)

paradox phenomenon in the elderly also exists in using

“obesity”

BMI to assess obesity-related risks of cardiovascular

diseases. The research by Antonopoulos et al.*! reported
that the association between BMI and mortality in CVD
patients is U-shaped, and it is also observed that the
nadir of mortality risk seems to be located at the
overweight ranged, not the recommended BMI levels.
Nevertheless, when researchers used other non-BMI
indices for defining obesity, there was no ‘obesity
paradox’ ™! Anthropometric measurements including
WC and WHR both were independently linearly
correlated with increased mortality risk™.

It is believed that WC is related to abdominal
obesity, however, it mistakenly assumes that people
harboring the same WC have the same health risks
because it does not consider the influences of different
heights. Diabetes has been shown to be more prevalent
in short-stature patients than in taller patients, even after
adjusting for confounders***), this might be the shorter
ones had higher WHtR. As for WHR, some previous
studies have suggested that it did not demonstrate a
close association with obesity-related cardiometabolic
disease!"". The study of Khader et al.* which included
1193 men and 2863 women reported that WHR had both
lower sensitivity and specificity than WHtR. Research
from Sekgala et al. ' also reported similar results.
Although both WHR and WHtR are related to WC,
compared with WHR, WHItR is a more stable and more
reliable index because height remains constant in adults,
while hip circumference can increase or decrease
proportionally when there is a change in body size'™*.
In addition, for the measurement itself, the accuracy and
repeatability of hip circumference are not as good as
those of height.

According to most of the observational studies and

systematic reviews mentioned above®'?”

, compared
with other simple anthropometric indices, including
BMI, WHR and WC, WHtR might be a more accurate
way to indirectively assess adiposity, especially central
adiposity, as well as to predict the risk of adiposity-
related cardiometabolic diseases such as T2D. However,
there might still be some controversy about whether
WHItR is superior to other anthropometric methods in
assessing adiposity and predicting diabetes. Although
the largest systematic review of Jayedi et al. P
suggested that WHtR had a closer association with type
2 diabetes: RR for each one SD increase was 1.73 (1.51
to 1.98; n=25) for WHtR, while 1.72 (95% CI 1.65 to
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1.81) for BMI, this superiority of WHtR over BMI is
slight with overlapping 95% ClIs. In addition, since there
were 167 studies included for analysing the capacity of
BMI in predicting diabetes, while only 19 studies for
WHItR, this difference can also have some bias on the
RR results. Therefore, further studies with a larger
size, aiming to different

sample compare the

anthropometric measurements’  capacities in predicting
diabetes or other cardiometabolic disease, are needed.
However, compared with other anthropometric
indices, WHtR does show several advantages. First of
all, for recognizing abdominal adiposity, BMI is a less
specific measure because it cannot equally reflect the
specific changes in body fat, while WHtR is a better
Additionally, ~WHtR has the

classification as the overall population, in spite of

indicator. same
gender, age or ethnicity’”. Therefore, WHtR is more
convenient and has good application prospects in
clinical practice and population-based studies and is

worthy of popularization.
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