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Background: As an indicator of abdominal obesity, waist circumference

(WC) varied with race and gender in diagnosing metabolic syndrome (MetS).

Therefore, it is clinically important to find an alternative indicator of abdominal

obesity independent of these factors to diagnose MetS. Our aims were to

evaluate the association between waist-to-height ratio (WHtR) and MetS and

further determine whether WHtR could be used as a simple and practical

alternative to WC to diagnose MetS in patients with type 2 diabetes mellitus

(T2DM).

Methods: This cross-sectional, real-world study recruited 8488 hospitalized

T2DM patients including 3719 women (43.8%) aged from 18 to 94 years and

4769 men (56.2%) aged from 18 to 91 years. A WHtR cut-off of 0.52 was

used to diagnose MetS in both men and women T2DM patients based on

our previous study. The association of WHtR with MetS in T2DM patients

was analyzed by binary logistic regression. The consistency of two diagnostic

criteria for MetS according to WC and WHtR was determined by Kappa test.

Results: The prevalence of MetS according to WHtR was 79.4% in women and

68.6% in men T2DM patients, which was very close to the prevalence of MetS

according to WC in both women (82.6%) and men (68.3%). The prevalence

of MetS diagnosed by WC in both men and women with WHtR ≥ 0.52

was significantly higher than in those with WHtR < 0.52 after adjustment

for age and duration of diabetes (89.2 vs. 38.7% for men; 92.8 vs. 57.4%

for women; respectively, all p < 0.001). Binary logistic regression analysis

displayed that after adjusting for confounding factors, WHtR was significantly

associated with the presence of MetS in both men and women (men:

OR = 4.821, 95% CI: 3.949–5.885; women: OR = 3.096, 95% CI: 2.484–3.860;
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respectively, all p < 0.001). Kappa test revealed that there was an excellent

consistency between the diagnosis of MetS based on WC and on WHtR in

T2DM patients (men: kappa value = 0.929, 95% CI: 0.918–0.940; women:

kappa value = 0.874, 95% CI: 0.854–0.894; total: kappa value = 0.911, 95%

CI: 0.901–0.921; respectively, all p < 0.001).

Conclusion: WHtR is independently associated with the presence of MetS and

can be used as a simple and practical alternative to WC to diagnose MetS

regardless of gender in T2DM patients.

KEYWORDS

metabolic syndrome, waist-to-height ratio, type 2 diabetes mellitus, waist
circumference, insulin resistance

Introduction

Metabolic syndrome (MetS), a cluster of metabolic disorders
including central obesity, dyslipidemia, hypertension, and
impaired glucose tolerance, refers to a pathological state in
which the metabolism of proteins, fats, carbohydrates and other
substances in the human body is disturbed (1). There has been a
rising incidence of MetS throughout the world. The overall age-
standardized prevalence estimates of MetS increased from 13.7
to 31.1% among Chinese adult residents from 2001 to 2017 (2,
3). Furthermore, the prevalence of MetS in patients with glucose
regulation disorders was significantly higher than that in those
with normal glucose tolerance. According to data from a cohort-
study in the Finnish general population, the prevalence of MetS
was observed an increasing trend from 12.3% in the subjects
with normal glucose tolerance, to 75.1% in those with impaired
glucose tolerance and eventually up to 87.1% in patients with
diabetes (4).

Metabolic syndrome is presently considered as a
prothrombotic and proinflammatory state, and each component
of MetS is an independent risk factor for cardiovascular disease
and all-cause mortality (5, 6). In a meta-analysis study,
Mottillo et al. showed that patients with MetS were at a
2.35-fold increased risk for cardiovascular disease, 1.58-fold
for all-cause mortality, 1.99-fold for myocardial infarction,
and 2.27-fold for stroke (7). Interestingly, the coexistence of
MetS and type 2 diabetes mellitus (T2DM) was independently
associated with increased risk of diabetic chronic complications
such as chronic kidney disease and cardiovascular diseases
(8–10).

Considering the high prevalence and great danger of MetS,
it is clinically important to identify MetS early using simple and
practical indicators. Different organizations have set different
diagnostic criteria of MetS (11–15), but MetS is generally
diagnosed in the presence of any 3 of 5 the following medical
conditions: abdominal obesity, elevated triglyceride, reduced

high-density lipoprotein cholesterol, elevated blood pressure,
and elevated fasting glucose (16). Of these medical conditions,
abdominal obesity is a necessary condition for the diagnosis
of MetS, while the other four conditions remain identical in
different criteria for MetS (1, 16). In particular, the diagnostic
criteria of MetS by International Diabetes Federation (IDF)
was set on the basis of particular anthropometric markers
of abdominal obesity, combined with any two additional risk
factors (14).

Abdominal obesity, also known as central obesity, is
commonly assessed by measurement of waist circumference
(WC). Currently, the threshold of WC to define abdominal
obesity is quite distinct between different gender and ethnic
groups (16). For instance, the recommended WC threshold
for abdominal obesity is higher in American and European
(≥102 cm in men and ≥88 cm in women) than in Asian (≥90 cm
in men and ≥80 cm in women) (16). Thus, it would be of great
significance in clinical practice to find a simple and effective
alternative to WC to indicate abdominal obesity regardless of
gender and race while diagnosing MetS.

In addition to WC, waist-to-height ratio (WHtR) may be a
simple and practical anthropometric index to evaluate central
obesity. Some studies including our recent study demonstrated
that WHtR is superior to WC in assessing central obesity
and cardiovascular risk factors (17–20), which indicates that
WHtR may be useful to identify MetS. For example, a recent
investigation found that WHtR can identify hypertension and
dysglycemia well, and can be used as an early warning indicator
for MetS in non-overweight/obese Chinese populations (21).
Additionally, a strong association between unhealthy WHtR and
MetS was also observed in a representative sample of Beijing
residents in China (22). Likewise, our recent study also showed
that WHtR has a stronger association with cardiovascular
risks than WC, and a WHtR cut-off of 0.52 has an excellent
diagnostic value for MetS in both male and female T2DM
patients, with a good equilibrium in high specificity and
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sensitivity (20). Therefore, WHtR may be used as a simple
and effective alternative to WC to diagnose MetS regardless
of sex and race.

To our knowledge, some investigations had found the
superiority of applying WHtR to diagnose MetS in Chinese
general population, but rarely in diabetic population (23, 24).
Furthermore, studies in various ethnic populations have selected
different WHtR cut-point for diagnosing MetS (24, 25), and
the optimal cut-off value for diagnosing MetS using WHtR is
uncertain in Chinese population. Therefore, we conducted the
present study in hospitalized T2DM patients with a relatively
large sample size to evaluate the association between WHtR and
MetS and aimed to determine whether WHtR could be used
as a simple and effective alternative to WC to diagnose MetS
in T2DM patients.

Materials and methods

Study design and subjects

A total of 9621 T2DM patients hospitalized in the
Department of Endocrinology and Metabolism of Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital from January
2006 to December 2012 were consecutively recruited in this
cross-sectional, real-world study. This study was approved by
the human ethics committee of Shanghai Jiao Tong University
Affiliated Sixth People’s Hospital [approved number: 2018-
KY-018(K)], and all participants signed the written informed
consent. The present study was conducted in accordance with
the Declaration of Helsinki. T2DM patients were diagnosed
according to the WHO diagnostic criteria as our previous
study (26). The exclusion criteria were as follows: (1) age
<18 years old; (2) Patients with diseases affecting WC and
WHtR such as malignant tumors; (3) Patients with acute diabetic
complications such as diabetic ketoacidosis; (4) Other types of
diabetes; (5) Patients lacking information on anthropometric
and clinical measurements. Ultimately, 8488 participants were
included in this study.

All subjects were interviewed to obtain detailed
medical information including age, smoking status, alcohol
consumption, duration of diabetes (DD), the history of
hypertension, and the history of medication including
lipid-lowering drugs (LLDs), insulin or insulin analogs
(IIAs) and metformin.

Physical examination and laboratory
tests

Data on weight, height, waist circumference (WC), hip
circumference, systolic blood pressure (SBP), and diastolic

blood pressure (DBP) were collected as physical measurements.
In detail, weight was measured to the nearest half kilogram
while wearing light clothing and no shoes. Height, WC
and hip circumference were measured to the nearest half
centimeter. Blood pressure was measured with a standard
mercury sphygmomanometer in a quiet, sedentary state of
the subject. Besides, body mass index (BMI), waist-hip ratio
(WHR), and waist-to-height ratio (WHtR) were calculated
by classical formula as previously described (20, 27), i.e.,
the weight in kilograms was divided by the square of the
height in meters to obtain BMI; WHR was calculated as
the WC divided by the hip circumference; and WHtR was
calculated as the WC divided by the height. Overnight fasting
and 2 h postprandial venous blood samples of the patients
were collected for laboratory examinations. Fasting plasma
glucose (FPG), 2-h postprandial plasma glucose (2-h PPG)
and creatinine (Cr) were measured by oxidase method.
Glycosylated hemoglobin A1c (HbA1c) was determined by
high performance liquid chromatography. Fasting C-peptide
(FCP) and postprandial 2-h postprandial C-peptide (2-h PCP)
were performed by electrochemiluminescence. Moreover, the
levels of triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), alanine aminotransferase (ALT), and
serum uric acid (SUA) were measured by enzymatic method.
24-h urinary albumin excretion (UAE) and C-reaction
protein (CRP) were determined by immunoturbidimetric
assay as described in our previous studies (20, 27–29). The
calculation of the estimated glomerular filtration rate (eGFR)
and the homeostasis model assessment of insulin resistance
(HOMA2-IR) were mentioned in our previous studies (20,
27–29).

Diagnostic criteria

Given that all studied subjects were T2DM patients in
the present study, MetS was diagnosed if a patients had any
two to four components of MetS including elevated WC or
WHtR, elevated TG, reduced HDL-C, and hypertension (16, 20).
WHtR ≥ 0.52 was considered as elevated WHtR and elevated
WC was defined as WC ≥ 90 cm in men and ≥80 cm in women
in the present study (20, 28, 30). Furthermore, the definition of
elevated TG, reduced HDL-C, hypertension, the smoking status,
and alcohol consumption referred to our previous studies (20,
28, 30).

Statistical analysis

SPSS 15.0 software was applied for statistical analysis. The
normally distributed data were expressed as mean ± standard
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TABLE 1 The clinical characteristics of the subjects.

Men Women

Variables WHtR < 0.52
(n = 1966)

WHtR ≥ 0.52
(n = 2803)

P-value *P-value WHtR < 0.52
(n = 1074)

WHtR ≥ 0.52
(n = 2645)

P-value *P-value

Age (years) 56 ± 13 59 ± 13 <0.001 − 58 ± 12 63 ± 11 <0.001 −

*DD (months) 72 (12–144) 84 (24–144) 0.023 0.741 96 (36–156) 120 (48–180) <0.001 0.888

Smoking (n, %) 1043 (53.1) 1483 (52.9) 0.922 0.395 21 (2.0) 53 (2.0) 0.924 0.924

Alcohol (n, %) 543 (27.6) 876 (31.3) 0.007 0.001 14 (1.3) 25 (0.9) 0.331 0.519

Hypertension (n, %) 752 (38.3) 1654 (59.0) <0.001 <0.001 461 (42.9) 1724 (65.2) <0.001 <0.001

LLD (n, %) 608 (30.9) 1292 (46.1) <0.001 <0.001 358 (33.3) 1174 (44.4) <0.001 <0.001

Metformin (n, %) 976 (49.6) 1796 (64.1) <0.001 <0.001 563 (52.4) 1704 (64.4) <0.001 <0.001

IIAs (n, %) 1403 (71.4) 1969 (70.2) 0.404 0.404 739 (68.8) 1914 (72.4) 0.030 0.030

SBP (mmHg) 128 ± 16 132 ± 17 <0.001 <0.001 129 ± 17 136 ± 17 <0.001 <0.001

DBP (mmHg) 79 ± 9 81 ± 10 <0.001 <0.001 78 ± 9 80 ± 9 <0.001 <0.001

BMI (kg/m2) 22.7 ± 2.4 26.7 ± 2.8 <0.001 <0.001 21.8 ± 2.5 26.3 ± 3.3 <0.001 <0.001

WC (CM) 82.3 ± 6.3 97.2 ± 7.5 <0.001 <0.001 76.7 ± 5.6 92.9 ± 8.2 <0.001 <0.001

WHR 0.89 ± 0.05 0.96 ± 0.05 <0.001 <0.001 0.85 ± 0.05 0.93 ± 0.06 <0.001 <0.001

*FPG (mmol/l) 7.59 (5.99–9.77) 7.91 (6.37–10.03) <0.001 <0.001 7.27 (5.88–9.22) 7.82 (6.32–9.84) <0.001 <0.001

*2-h PPG (mmol/l) 12.78 (9.35–16.45) 13.62
(10.70–16.80)

<0.001 <0.001 12.39 (9.19–15.80) 13.60
(10.46–17.10)

<0.001 <0.001

HbA1c (%) 9.29 ± 2.55 8.98 ± 2.16 <0.001 <0.001 8.71 ± 2.36 8.84 ± 2.08 0.105 0.033

*FCP (ng/mL) 1.42 (0.84–2.05) 2.02 (1.31–2.81) <0.001 <0.001 1.49 (0.95–2.09) 1.95 (1.29–2.78) <0.001 <0.001

*2-h PCP (ng/mL) 3.07 (1.63–5.07) 4.34 (2.67–6.18) <0.001 <0.001 3.46 (1.93–5.45) 4.30 (2.61–6.28) <0.001 <0.001

*TG (mmol/l) 1.15 (0.80–1.67) 1.61 (1.13–2.40) <0.001 <0.001 1.19 (0.83–1.70) 1.59 (1.13–2.29) <0.001 <0.001

TC (mmol/l) 4.54 ± 1.18 4.66 ± 1.17 0.001 <0.001 4.86 ± 1.12 5.00 ± 1.16 0.001 <0.001

HDL-C (mmol/l) 1.13 ± 0.31 1.00 ± 0.24 <0.001 <0.001 1.30 ± 0.39 1.17 ± 0.30 <0.001 <0.001

LDL-C (mmol/l) 2.94 ± 0.95 2.95 ± 0.91 0.639 0.405 3.08 ± 1.01 3.16 ± 0.95 0.015 0.008

*ALT (u/l) 18 (13–28) 22 (16–35) <0.001 <0.001 16 (12–24) 19 (13–30) <0.001 <0.001

*Cr (µmol/l) 73 (64–84) 75 (65–88) <0.001 <0.001 54 (47–63) 57 (49–67) <0.001 <0.001

*SUA (µmol/l) 309 (261–368) 348 (294–407) <0.001 <0.001 265 (221–316) 299 (249–360) <0.001 <0.001

*UAE (mg/24 h) 9.74 (6.07–22.72) 14.13 (7.43–46.42) <0.001 <0.001 9.08 (5.88–18.59) 13.66 (7.86–40.07) <0.001 <0.001

*eGFR
(ml/min/1.73 m2)

109 (91–130) 104 (85–125) <0.001 <0.001 124 (102–147) 114 (92–139) <0.001 <0.001

*CRP (mg/l) 0.75 (0.33–1.86) 1.27 (0.60–3.11) <0.001 <0.001 0.70 (0.32–1.69) 1.50 (0.72–3.47) <0.001 <0.001

Values are expressed as the mean ± SD, or median with interquartile range, or percentages.
P-value: the p-values were not adjusted for age for the trend.
*P-value: the *p-values were adjusted for age for the trend.

deviation, and One-way ANOVA with LSD and independent
sample t-tests were conducted for comparing the differences
among different groups. The continuous variables with
non-normal distribution were represented by median with
interquartile range, and non-parametric test was used to
determine the differences between groups. The categorical
variables were described as percentages and chi-square test
was performed to analyze the differences. The association
of WHtR with MetS in T2DM patients was analyzed
by binary logistic regression with adjustment for other
confounding variables. Kappa test was used to evaluate the
consistency of two diagnostic criteria for MetS according to
WC and WHtR. p < 0.05 was considered as statistically
significant difference.

Results

Clinical characteristics of the subjects

The clinical characteristics of the T2DM patients are
manifested in Table 1. Based on our recent study (16, 20),
WHtR of 0.52 was used as a cut-off to divide the subjects
into two groups stratified by gender. After adjusting for age,
both women and men patients with WHtR ≥ 0.52 had higher
prevalence of hypertension, and higher proportion of taking
LLDs and metformin compared with those with WHtR < 0.52.
Additionally, SBP, DBP, BMI, WC, WHR, FPG, 2h PPG, FCP, 2 h
C-P, TG, TC, ALT, Cr, SUA, UAE, and CRP were all significantly
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FIGURE 1

Comparisons of MetS prevalence diagnosed according to WC and WHtR in T2DM patients. (A) Comparison of the prevalence of MetS diagnosed
by WC stratified by sex after adjusting for age and DD. (B) Comparison of the prevalence of MetS diagnosed by WC stratified by age after
adjusting for sex and DD. (C) Comparison of the prevalence of MetS diagnosed by WC stratified by DD after adjusting for sex and age.
(D) Comparison of the prevalence of MetS diagnosed by WHtR stratified by sex after adjusting for age and DD. (E) Comparison of the prevalence
of MetS diagnosed by WHtR stratified by age after adjusting for sex and DD. (F) Comparison of the prevalence of MetS diagnosed by WHtR
stratified by DD after adjusting for sex and age.

increased in the patients with WHtR ≥ 0.52 compared with
those with WHtR below 0.52 (all p < 0.001). Especially, in
women patients, LDL-C levels (p = 0.008) and the proportion of
LLAs therapy (p = 0.030) were also apparently increased in the
subjects with WHtR ≥ 0.52. However, HDL-C and eGFR levels
were evidently decreased in both women and men patients with
WHtR ≥ 0.52 than in those with WHtR < 0.52 (all p < 0.05).

Comparisons of metabolic syndrome
prevalence

The comparisons of the prevalence of MetS diagnosed by
either WC or WHtR stratified by gender, age, and DD are

demonstrated in Figure 1. The prevalence of MetS according
to WC was 82.6% in women and 68.3% in men T2DM patients
(p < 0.001) (Figure 1A), which was very close to the prevalence
of MetS according to WHtR in women (79.4%) and men (68.6%)
(all p < 0.001) (Figure 1D). Moreover, with the increase of
age, there was a similarly increased trend in the prevalence of
MetS according to WC (65.7, 70.3, 72.0, 76.2, and 81.0% for
different age groups, respectively, p < 0.001) (Figure 1B) and
WHtR (61.8, 68.1, 69.8, 75.8, and 81.4% for different age groups,
respectively, p < 0.001) (Figure 1E). However, there was no
significant difference in the MetS prevalence among different
DD groups, whether the diagnosis of MetS was based on WC
(69.2, 74.7, 74.2, 76.6, and 79.0% for different DD groups,
respectively, p = 0.295 for trend) (Figure 1C) or WHtR (67.4,
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FIGURE 2

Comparisons of the MetS components between the T2DM subjects with WHtR < 0.52 and ≥0.52. (A) Comparison of the prevalence of
hypertension stratified by sex between the subjects with WHtR < 0.52 and ≥0.52 after adjusting for age and DD. (B) Comparison of the
prevalence of elevated TG stratified by sex between the subjects with WHtR < 0.52 and ≥0.52 after adjusting for age and DD. (C) Comparison of
the prevalence of reduced HDL-C stratified by sex between the subjects with WHtR < 0.52 and ≥0.52 after adjusting for age and DD.
(D) Comparison of the prevalence of elevated WC stratified by sex between subjects with WHtR < 0.52 and ≥0.52 after adjusting for age and DD.

73.0, 73.0, 75.6, and 78.5% for different DD groups, respectively,
p = 0.327 for trend) (Figure 1F).

Comparisons of the metabolic
syndrome components

The comparisons of the MetS components including
hypertension, elevated TG, reduced HDL-C, and elevated WC
between the subjects with WHtR ≥ 0.52 and <0.52 are presented
in Figure 2. After adjusting for age and DD, the prevalence of
hypertension, elevated TG, reduced HDL-C, and elevated WC
were all obviously higher in the subjects with WHtR ≥ 0.52
than in those with WHtR < 0.52 in both men and women
(hypertension: 59.0 vs. 38.3% for men, 65.2 vs. 42.9% for women,
respectively; elevated TG: 47.4 vs. 25.0% for men, 45.4 vs. 25.8%
for women, respectively; reduced HDL-C: 72.6 vs. 52.7% for
men, 81.1 vs. 69.4% for women, respectively; elevated WC: 89.9
vs. 11.0% for men, 98.9 vs. 39.0% for women, respectively; all
p < 0.001) (Figures 2A–D).

Comparisons of the metabolic
syndrome prevalence diagnosed by
waist circumference between the
subjects with waist-to-height
ratio < 0.52 and ≥0.52

As Figure 3 shows, the prevalence of MetS diagnosed by WC
in both men and women with WHtR ≥ 0.52 was significantly

higher than in those with WHtR < 0.52 after adjustment for
age and DD (89.2 vs. 38.7% for men, 92.8 vs. 57.4% for women,
respectively; all p < 0.001) (Figure 3A). Further, there was a
significantly increased trend in the prevalence of more MetS
components when patients’ WHtR ≥ 0.52 compared with those
with WHtR below 0.52 (three MetS components: 26.3 vs. 28.1%;
four MetS components: 39.9 vs. 13.8%; five MetS components:
24.8 vs. 3.3%; p< 0.001 for trend) (Figure 3B). Additionally, the
T2DM patients with MetS diagnosed by WC had an obviously
higher WHtR than those without MetS in both men and women
(0.55 ± 0.05 vs. 0.49 ± 0.04 for men; 0.57 ± 0.06 vs. 0.49 ± 0.06
for women; 0.56 ± 0.06 vs. 0.49 ± 0.05 for total, respectively; all
p < 0.001) (Figure 3C).

Correlation of waist-to-height ratio
with insulin resistance

The comparison of insulin resistance between the T2DM
patients with WHtR ≥ 0.52 and <0.52 is displayed in
Figure 4A. Compared with those with WHtR < 0.52, after
adjustment for age and DD, T2DM patients with WHtR ≥ 0.52
had an enhanced insulin resistance with a higher value of
HOMA2-IR in both men and women [1.75 (1.13–2.43) vs.
1.21 (0.71–1.8) for men; 1.69 (1.10–2.40) vs. 1.25 (0.80–1.80)
for women; 1.71 (1.11–2.42) vs. 1.23 (0.75–1.8) for total,
respectively; all p < 0.001]. Furthermore, after controlling for
age and DD, partial correlation analysis showed that WHtR
was positively correlated with insulin resistance in both men
(R = 0.319, p < 0.001) (Figure 4B), women (R = 0.253,
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FIGURE 3

Comparisons of the prevalence of MetS diagnosed by WC between the subjects with WHtR < 0.52 and ≥0.52. (A) Comparison of the prevalence
of MetS diagnosed by WC stratified by sex between the subjects WHtR < 0.52 and ≥0.52 after adjusting for age and DD. (B) Comparison of the
number of MetS components between the subjects with WHtR < 0.52 and ≥0.52. (C) Comparison of the values of WHtR stratified by sex
between the subjects with and without MetS diagnosed by WC after adjusting for age and DD.

p < 0.001) (Figure 4C), and all T2DM patients (R = 0.288,
p < 0.001) (Figure 4D).

Association of waist-to-height ratio
with metabolic syndrome

Table 2 shows the association of WHtR with MetS in
T2DM patients stratified by gender. Binary logistic regression
analysis displayed that after adjusting for confounding variables

including age, DD, smoking, alcohol drinking (model 1), WHtR
was significantly associated with the presence of MetS in both
men (OR = 7.414, 95% CI: 6.540–8.405, p < 0.001) and women
(OR = 4.772, 95% CI: 4.174–5.457, p < 0.001). After further
controlling for the use of LLDs, IIAs, and metformin (model 2),
SBP, DBP, and BMI (model 3), ALT, LDL-C, TC, eGFR, SUA,
HbA1c, FPG, 2h PPG, FCP, 2h PCP, UAE, and CRP (model
4), WHtR was still independently correlated with the presence
of MetS in both men (model 2: OR = 7.883, 95% CI: 6.864–
9.054; model 3: OR = 5.127, 95% CI: 4.310–6.099; model 4:
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FIGURE 4

Association of WHtR with insulin resistance in T2DM patients. (A) Comparison of HOMA2-IR stratified by sex between the subjects with
WHtR < 0.52 and ≥0.52 after adjustment for age and DD. (B) Correlation of WHtR with HOMA2-IR in men T2DM patients. (C) Correlation of
WHtR with HOMA2-IR in women T2DM patients. (D) Correlation of WHtR with HOMA2-IR in all T2DM patients.

OR = 4.821, 95% CI: 3.949–5.885; respectively, all p < 0.001)
and women (model 2: OR = 5.081, 95% CI: 4.413–5.850; model
3: OR = 2.926, 95% CI: 2.437–3.514; model 4: OR = 3.096, 95%
CI: 2.484–3.860; respectively, all p < 0.001).

The consistency of diagnosis of
metabolic syndrome according to
waist circumference and
waist-to-height ratio

As shows in Table 3, there was an excellent consistency
between the diagnosis of MetS according to WC and WHtR in
both men (kappa value = 0.929, 95% CI: 0.918–0.940, p< 0.001)
and women T2DM patients (kappa value = 0.874, 95% CI:
0.854–0.894, p < 0.001).

Discussion

The superiority of applying WHtR to diagnose MetS in
T2DM subjects has not been clearly confirmed so far, and
the optimal cut-off value of WHtR for diagnosing MetS
remains uncertain in the Chinese population. Therefore, we

designed this large sample-size, real-world study to evaluate
the association between WHtR and MetS, and further examine
whether WHtR could be used as a simple and effective
alternative to WC to diagnose MetS in T2DM. In fact, we
observed a significantly positive association between WHtR
and the presence of MetS in both men and women T2DM
patients. Additionally, there was an excellent agreement between
the diagnosis of MetS by WC and by WHtR ≥ 0.52
in T2DM patients.

Metabolic syndrome is a cluster of cardiovascular risk
factors such as hypertension, dyslipidemia, and diabetes, and
is firstly defined by the World Health Organization (WHO) in
1998 (11). Since that time, several other diagnostic criteria of
MetS have been respectively released by the National Cholesterol
Education Program Adult Treatment Panel III (NCEP-ATP
III), the American Association of Clinical Endocrinologists
(AACE), the International Diabetes Federation (IDF), and the
American Heart Association/National Heart, Lung, and Blood
Institute (AHA/NHLBI) (12–15). The definition of MetS is
different in different diagnostic criteria, but abdominal obesity
is an indispensable component of MetS. It was reported that
adiponectin and inflammatory cytokines secreted by excessive
visceral adipose tissue promote the generation of insulin
resistance, a key factor associated with a set of metabolic
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TABLE 2 The association of WHtR with MetS in T2DM patients.

Men Women Total

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Model 1 7.414 (6.540–8.405) <0.001 4.772 (4.174–5.457) <0.001 6.191 (5.652–6.782) <0.001

Model 2 7.883 (6.864–9.054) <0.001 5.081 (4.413–5.850) <0.001 6.459 (5.848–7.133) <0.001

Model 3 5.127 (4.310–6.099) <0.001 2.926 (2.437–3.514) <0.001 4.060 (3.576–4.610) <0.001

Model 4 4.821 (3.949–5.885) <0.001 3.096 (2.484–3.860) <0.001 3.903 (3.368–4.523) <0.001

Model 1: adjusted for age, DD, smoking, alcohol drinking (gender adjustment for total subjects). Model 2: further adjusted for the use of LLDs, insulin or insulin analogs, and metformin
(gender adjustment for total subjects). Model 3: further adjusted for SBP, DBP, and BMI (gender adjustment for total subjects). Model 4: further adjusted for ALT, LDL-C, TC, eGFR, Cr,
eGFR, SUA, HbA1c, FPG, 2-h PPG, FCP, 2-h PCP, UAE, and CRP (gender adjustment for total subjects).

abnormalities in MetS (31). Therefore, abdominal obesity plays
a crucial role in the pathogenesis of MetS and is a key feature in
diagnosing MetS.

Currently, WC is usually selected as an anthropometric
indicator to evaluate visceral fat accumulation and thus to
determine the presence of abdominal obesity. Whereas the cut-
point of WC to diagnose abdominal obesity varied among
subjects with different sex and race, which have greatly limited
its applicability in assessing MetS. For example, the reference
threshold of WC for distinguishing abdominal obesity is 102 cm
in men and 88 cm in women for Canadians, Americans, and
Europeans, 90 cm in men and 80 cm in women for Asians,
94 cm in men and 80 cm in women for Mediterranean and
Africans (16).

Contrarily, WHtR is a relatively constant indicator of
abdominal obesity across different sex, age and ethnic groups
with little variation compared with WC, which reflects the
possible uniqueness of WHtR in predicting abdominal obesity
and MetS (32, 33). WHtR is generally regarded as an
excellent body fat discriminator in both sexes (34). Nevill and
colleagues reported that WHtR retained a stronger association
with subcutaneous central obesity than absolute WC (35).
Furthermore, WHtR was a better predictor to detect general
and central obesity compared with WC among children and
adolescents of different ages and genders (36). Additionally,
several studies suggested that WHtR presented significantly
better predictive and discriminatory power than WC for
diabetes, dyslipidemia, hypertension, and cardiovascular disease
in ethnically and racially diverse populations and in both sexes
(18, 37). Therefore, by contrast with WC, WHtR can better
assess abdominal obesity and other metabolic disorders across
different ethnicity and sex.

In addition to as a useful indicator of abdominal obesity,
WHtR was also applied to evaluate the risk of other metabolic
disorders such as diabetes, hypertension, and dyslipidemia,
which belong to MetS components. An increasing number
of studies have demonstrated the strong association between
WHtR and the development of cardiovascular diseases and
MetS components (38–41). For example, a recent follow-up
study found that WHtR was a useful and accurate parameter

to predict the occurrence of hypertension in T2DM patients
(38). Additionally, Cao et al. reported that WHtR ≥ 0.5 was
markedly linked with higher risk of dyslipidemia compared to
WHtR < 0.5 in Chinese Adults (39). Aligned with them, we
also found that the prevalence of multiple metabolic disorders
such as hypertension, elevated TG, and reduced HDL-C were
obviously higher in both men and women T2DM subjects with
WHtR ≥ 0.52 than in those with WHtR < 0.52. T2DM patients
with four or five MetS components were more likely to be
those with WHtR ≥ 0.52. Furthermore, fully adjusted regression
analyses also revealed that WHtR was independently associated
with the development of MetS in T2DM patients, which was
consistent with recent studies by Guo et al. and Savva et al.
(42, 43).

More importantly, based on our recent study (20), we
chose a WHtR of 0.52 as the appropriate cut-off point for
diagnosing MetS in Chinese adults with T2DM patients in the
present study, which was same to the results reported by two
previous studies (23, 44), and showed an excellent diagnostic
value for MetS in both men (70.4% sensitivity and 84.7%
specificity) and women (80.1% sensitivity and 83.4% specificity)
T2DM patients according to ROC curve analysis based on
our previous study (20). Furthermore, our study manifested
that the prevalence of MetS diagnosed by WHtR was highly
consistent with that determined by WC in different age, sex,
DD groups. Additionally, the Kappa test revealed an excellent
agreement between the prevalence of MetS diagnosed by WC
and WHtR in T2DM patients. Consequently, our findings
provided a further possibility for WHtR to replace WC as an
indicator of abdominal obesity to diagnose MetS in T2DM
subjects regardless of sex.

TABLE 3 The consistency of diagnosis of MetS according to WC and
WHtR.

Kappa values 95% CI P-value

Men 0.929 0.918–0.940 <0.001

Women 0.874 0.854–0.894 <0.001

Total 0.911 0.901–0.921 <0.001
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Contrary to our choice, Pan el al suggested that the optimal
cut-off levels of WHtR for predicting two or more non-adipose
components of MetS including hypertension, dyslipidemia, and
hyperglycemia were 0.50 in men and 0.51 in women in a
southeast rural Chinese population after comparing the MetS
under different definitions (45), but this WHtR cut-off might
only apply to the selected subjects aged 40 years and older.
Likewise, Shao et al. argued that the optimal cut-off points
for screening obesity in MetS subjects were approximately 0.50
in both genders in 2947 Chinese adults (46). In contrast, our
present study was based on T2DM participants with more
severe abdominal obesity than general population, which might
result in a larger WHtR cut-point with 0.52 in T2DM patients
than 0.50 in general residents. However, the large sample size
of 8488 ensures the reliability of our findings. Apart from
subtle differences in the population, there might be ethnic
differences in the diagnosis of MetS by WHtR. A survey of
Ethiopian adults showed the WHtR cut-off scores for detecting
MetS ranged from 0.47 to 0.53 in men and from 0.47 to
0.56 in women due to adopting different MetS components to
diagnose MetS (25). In the Polish population, the appropriate
cut-offs for MetS identification by WHtR were 0.556 in men
and 0.535 in women (24). Although there might be population
and racial differences in the diagnosis of MetS using WHtR,
these differences are much smaller than that using WC, which
suggests the possibility that WHtR may substitute for WC in
diagnosing MetS. However, large sample studies in different
populations and races are needed to clarify the optimal cut-point
for WHtR in identifying MetS.

Insulin resistance is the main reason that WHtR is closely
related to MetS and can be used as an indicator of MetS
in T2DM subjects. Insulin resistance was often regarded
as the hallmark feature and core mechanism of the MetS
(47, 48). Therefore, the elevation of insulin levels in MetS
precedes other metabolic disorders and MetS arises from
insulin resistance (49). Hyperinsulinemia markedly activates the
sympathetic nervous system and renal sodium reabsorption,
thereby inducing the development of hypertension (48). In
addition, insulin resistance increases hepatic very low-density
lipoprotein (VLDL) production and decreases HDL production,
thereby increasing serum TG levels and decreasing serum
HDL levels (48). Besides, the presence of hyperinsulinemia
and hepatic insulin resistance accelerated liver endogenous
glucose production, suppressed glucose uptake in skeletal
muscle and further drove the development of hyperglycemia
(50). Therefore, hypertension, dyslipidemia, and hyperglycemia
caused by insulin resistance combining with central obesity
constitute the components of MetS. Correspondingly, our
study demonstrated that WHtR was positively correlated with
insulin resistance, and T2DM patients with WHtR ≥ 0.52
had significantly enhanced insulin resistance with a higher
value of HOMA2-IR compared with those with WHtR < 0.52.
In line with our findings, a cross-sectional study found that

HOMA-IR values were significantly higher in polycystic ovarian
syndrome patients with WHtR > 0.5 than in those with
WHtR ≤ 0.5 (51). Moreover, Lechner et al. reported that the
prevalence of insulin resistance defined by the Matsuda index
obviously increased with elevated WHtR, and the predictive
ability of WHtR for insulin resistance was highly accurate,
especially in T2DM population (52). Thus, it is feasible and
reasonable to use WHtR instead of WC to diagnose MetS
given that WHtR clearly indicates and closely correlates with
insulin resistance.

Our study has practical implications. MetS poses one of the
major challenges for global and national public health agencies
as an accumulation of multiple health risk factors that are
associated with increased risks of developing cardiovascular
diseases, non-alcoholic fatty liver disease and all-cause mortality
(7, 53). Our present study strongly suggests WHtR ≥ 0.52
as an early warning of health risk for predicting MetS in
Chinese T2DM patients. In addition, this universal cut-off
value for WHtR eliminates the need for age-, gender-, and
race-specific thresholds for MetS, enabling people to monitor
their own physical health risks individually and conveniently.
As an indicator to assess the risk of MetS, the clinical
application and promotion of the WHtR contribute to the
early adoption of preventive strategies to reduce the risk of
metabolic-related diseases and improve the overall health status
of the population.

However, there are also some limitations in our study.
Firstly, the recruited subjects in the present study were from
T2DM population, thus our findings may not be fully applicable
to other populations. Also, the WHtR value for predicting MetS
is racial differences, it is necessary to find an optimal cut-
point for WHtR in diagnosing MetS in different races in future
studies. Secondly, some other factors such as the use of IIAs
and metformin may affect WC and WHtR, but we eliminated
the influence of these factors as much as possible in analyses.
Thirdly, the subjects in this study mainly came from single-
center hospitalized patients, and thus their characteristics might
not comprehensively reflect the overall health status of T2DM
population. Thus, the multi-center investigation is needed in
subsequent related studies.

In conclusion, WHtR is closely and independently
associated with the presence of MetS in both men and women
T2DM subjects. WHtR ≥ 0.52 may be used as a simple and
practical alternative to WC to diagnose MetS regardless of
gender in Chinese T2DM patients.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding authors.

Frontiers in Nutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2022.986090
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-986090 November 1, 2022 Time: 15:7 # 11

Ma et al. 10.3389/fnut.2022.986090

Ethics statement

The studies involving human participants were reviewed
and approved by the Human Ethics Committee of Shanghai
Jiao Tong University Affiliated Sixth People’s Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

G-ZH and L-XL designed the study, reviewed, and edited
the manuscript. Y-LM, J-WW, J-FK, Y-JW, and J-XL collected
the samples and clinical data. Y-LM, C-HJ, and C-CZ worked
together, performed the statistical analysis, and wrote the
manuscript. All authors revised the manuscript and approved
the final manuscript.

Funding

This work was supported by grants from the National
Key Research and Development Plan (2018YFC1314900 and
2018YFC1314905), the National Natural Science Foundation of
China (81770813 and 82070866), the Translational Medicine
National Key Science and Technology Infrastructure Open
Project (TMSK-2021-116), the Exploratory Clinical Research

Project of Shanghai Jiao Tong University Affiliated Sixth
People’s Hospital (ynts202105), and Shanghai Municipal Key
Clinical Specialty.

Acknowledgments

We thank all the participants of the present study for their
precious contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. (2005)
365:1415–28. doi: 10.1016/S0140-6736(05)66378-7

2. Gu D, Reynolds K, Wu X, Chen J, Duan X, Reynolds RF, et al. Prevalence of
the metabolic syndrome and overweight among adults in China. Lancet. (2005)
365:1398–405. doi: 10.1016/S0140-6736(05)66375-1

3. Yao F, Bo Y, Zhao L, Li Y, Ju L, Fang H, et al. Prevalence and influencing factors
of metabolic syndrome among adults in China from 2015 to 2017. Nutrients. (2021)
13:4475. doi: 10.3390/nu13124475

4. Ilanne-Parikka P, Eriksson JG, Lindström J, Hämäläinen H, Keinänen-
Kiukaanniemi S, Laakso M, et al. Prevalence of the metabolic syndrome and its
components: findings from a Finnish general population sample and the Diabetes
Prevention Study cohort. Diabetes Care. (2004) 27:2135–40. doi: 10.2337/diacare.
27.9.2135

5. Tune JD, Goodwill AG, Sassoon DJ, Mather KJ. Cardiovascular consequences
of metabolic syndrome. Transl Res. (2017) 183:57–70. doi: 10.1016/j.trsl.2017.01.
001

6. McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the metabolic
syndrome. Clin Dermatol. (2018) 36:14–20. doi: 10.1016/j.clindermatol.2017.0
9.004

7. Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The metabolic
syndrome and cardiovascular risk a systematic review and meta-analysis. J Am Coll
Cardiol. (2010) 56:1113–32. doi: 10.1016/j.jacc.2010.05.034

8. Bianchi C, Penno G, Daniele G, Russo E, Giovannitti MG, Del Prato S, et al.
The metabolic syndrome is related to albuminuria in type 2 diabetes. Diabet Med.
(2008) 25:1412–8. doi: 10.1111/j.1464-5491.2008.02603.x

9. Luk AO, Ma RC, So WY, Yang XL, Kong AP, Ozaki R, et al. The NCEP-
ATPIII but not the IDF criteria for the metabolic syndrome identify Type 2 diabetic

patients at increased risk of chronic kidney disease. Diabet Med. (2008) 25:1419–25.
doi: 10.1111/j.1464-5491.2008.02602.x

10. Paneni F, Gregori M, Tocci G, Palano F, Ciavarella GM, Pignatelli G, et al.
Do diabetes, metabolic syndrome or their association equally affect biventricular
function? A tissue Doppler study. Hypertens Res. (2013) 36:36–42. doi: 10.1038/hr.
2012.137

11. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes
mellitus and its complications. Part 1: diagnosis and classification of diabetes
mellitus provisional report of a WHO consultation. Diabet Med. (1998) 15:539–53.
doi: 10.1002/(SICI)1096-9136(199807)15:73.0.CO;2-S

12. National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). Third report of the national cholesterol education program (NCEP)
expert panel on detection, evaluation, and treatment of high blood cholesterol in
adults (Adult Treatment Panel III) final report. Circulation. (2002) 106:3143–421.

13. Bloomgarden ZT. American association of clinical endocrinologists (AACE)
consensus conference on the insulin resistance syndrome: 25-26 August 2002,
Washington, DC. Diabetes Care. (2003) 26:1297–303. doi: 10.2337/diacare.26.4.
1297

14. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome–a new worldwide
definition. Lancet. (2005) 366:1059–62. doi: 10.1016/S0140-6736(05)67402-8

15. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin
BA, et al. Diagnosis and management of the metabolic syndrome: an American
heart association/national heart, lung, and blood institute scientific statement.
Circulation. (2005) 112:2735–52. doi: 10.1161/CIRCULATIONAHA.105.169404

16. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato
KA, et al. Harmonizing the metabolic syndrome: a joint interim statement
of the international diabetes federation task force on epidemiology and

Frontiers in Nutrition 11 frontiersin.org

https://doi.org/10.3389/fnut.2022.986090
https://doi.org/10.1016/S0140-6736(05)66378-7
https://doi.org/10.1016/S0140-6736(05)66375-1
https://doi.org/10.3390/nu13124475
https://doi.org/10.2337/diacare.27.9.2135
https://doi.org/10.2337/diacare.27.9.2135
https://doi.org/10.1016/j.trsl.2017.01.001
https://doi.org/10.1016/j.trsl.2017.01.001
https://doi.org/10.1016/j.clindermatol.2017.09.004
https://doi.org/10.1016/j.clindermatol.2017.09.004
https://doi.org/10.1016/j.jacc.2010.05.034
https://doi.org/10.1111/j.1464-5491.2008.02603.x
https://doi.org/10.1111/j.1464-5491.2008.02602.x
https://doi.org/10.1038/hr.2012.137
https://doi.org/10.1038/hr.2012.137
https://doi.org/10.1002/(SICI)1096-9136(199807)15:73.0.CO;2-S
https://doi.org/10.2337/diacare.26.4.1297
https://doi.org/10.2337/diacare.26.4.1297
https://doi.org/10.1016/S0140-6736(05)67402-8
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-986090 November 1, 2022 Time: 15:7 # 12

Ma et al. 10.3389/fnut.2022.986090

prevention; national heart, lung, and blood institute; American heart association;
world heart federation; international atherosclerosis society; and international
association for the study of obesity. Circulation. (2009) 120:1640–5. doi: 10.1161/
CIRCULATIONAHA.109.192644

17. Zeng Q, He Y, Dong S, Zhao X, Chen Z, Song Z, et al. Optimal cut-off values
of BMI, waist circumference and waist:height ratio for defining obesity in Chinese
adults. Br J Nutr. (2014) 112:1735–44. doi: 10.1017/S0007114514002657

18. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better screening tool
than waist circumference and BMI for adult cardiometabolic risk factors: systematic
review and meta-analysis. Obes Rev. (2012) 13:275–86. doi: 10.1111/j.1467-789X.
2011.00952.x

19. Alshamiri MQ, Mohd AHF, Al-Qahtani SS, Alghalayini KA, Al-Qattan OM,
El-Shaer F. Waist-to-height ratio (WHtR) in predicting coronary artery disease
compared to body mass index and waist circumference in a single center from
Saudi Arabia. Cardiol Res Pract. (2020) 2020:4250793. doi: 10.1155/2020/425
0793

20. Ke JF, Wang JW, Lu JX, Zhang ZH, Liu Y, Li LX. Waist-to-height ratio has
a stronger association with cardiovascular risks than waist circumference, waist-
hip ratio and body mass index in type 2 diabetes. Diabetes Res Clin Pract. (2022)
183:109151. doi: 10.1016/j.diabres.2021.109151

21. Wu L, Zhu W, Qiao Q, Huang L, Li Y, Chen L. Novel and traditional
anthropometric indices for identifying metabolic syndrome in non-
overweight/obese adults. Nutr Metab. (2021) 18:3. doi: 10.1186/s12986-020-
00536-x

22. Ma A, Fang K, Dong J, Dong Z. Prevalence and related factors of metabolic
syndrome in Beijing, China (Year 2017). Obes Facts. (2020) 13:538–47. doi: 10.
1159/000508842

23. Tian T, Zhang J, Zhu Q, Xie W, Wang Y, Dai Y. Predicting value of five
anthropometric measures in metabolic syndrome among Jiangsu Province, China.
BMC Public Health. (2020) 20:1317. doi: 10.1186/s12889-020-09423-9

24. Suliga E, Ciesla E, Głuszek-Osuch M, Rogula T, Głuszek S, Kozieł D. The
usefulness of anthropometric indices to identify the risk of metabolic syndrome.
Nutrients. (2019) 11:2598. doi: 10.3390/nu11112598

25. Sinaga M, Worku M, Yemane T, Tegene E, Wakayo T, Girma T, et al. Optimal
cut-off for obesity and markers of metabolic syndrome for Ethiopian adults. Nutr J.
(2018) 17:109. doi: 10.1186/s12937-018-0416-0

26. Li LX, Zhao CC, Ren Y, Tu YF, Lu JX, Wu X, et al. Prevalence and clinical
characteristics of carotid atherosclerosis in newly diagnosed patients with ketosis-
onset diabetes: a cross-sectional study. Cardiovasc Diabetol. (2013) 12:18. doi: 10.
1186/1475-2840-12-18

27. Zhang ZH, Ke JF, Lu JX, Liu Y, Wang AP, Li LX. Serum retinol-binding
protein levels are associated with nonalcoholic fatty liver disease in chinese patients
with type 2 diabetes mellitus: a Real-World Study. Diabetes Metab J. (2022)
46:129–39. doi: 10.4093/dmj.2020.0222

28. Li LX, Dong XH, Li MF, Zhang R, Li TT, Shen J, et al. Serum uric acid levels
are associated with hypertension and metabolic syndrome but not atherosclerosis
in Chinese inpatients with type 2 diabetes. J Hypertens. (2015) 33:482–90. doi:
10.1097/HJH.0000000000000417

29. Wang J-W, Ke J-F, Zhang Z-H, Lu J-X, Li L-X. Albuminuria but not low
eGFR is closely associated with atherosclerosis in patients with type 2 diabetes: an
Observational Study.DiabetolMetab Syndr. (2022) 14:50. doi: 10.1186/s13098-022-
00824-x

30. Li L, Yu H, Zhu J, Wu X, Liu F, Zhang F, et al. The combination of carotid
and lower extremity ultrasonography increases the detection of atherosclerosis in
type 2 diabetes patients. J Diabetes Complications. (2012) 26:23–8. doi: 10.1016/j.
jdiacomp.2011.11.006

31. Després JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E,
et al. Abdominal obesity and the metabolic syndrome: contribution to global
cardiometabolic risk. Arterioscler Thromb Vasc Biol. (2008) 28:1039–49. doi: 10.
1161/ATVBAHA.107.159228

32. Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid
and effective global indicator for health risks of obesity and how its use could
simplify the international public health message on obesity. Int J Food Sci Nutr.
(2005) 56:303–7. doi: 10.1080/09637480500195066

33. Schneider HJ, Klotsche J, Silber S, Stalla GK, Wittchen HU. Measuring
abdominal obesity: effects of height on distribution of cardiometabolic risk factors
risk using waist circumference and waist-to-height ratio. Diabetes Care. (2011)
34:e7. doi: 10.2337/dc10-1794

34. Alves Junior CA, Mocellin MC, Gonçalves ECA, Silva DA, Trindade EB.
Anthropometric indicators as body fat discriminators in children and adolescents:
a systematic review and meta-analysis. Adv Nutr. (2017) 8:718–27. doi: 10.3945/an.
117.015446

35. Nevill AM, Stewart AD, Olds T, Duncan MJ. A new waist-to-height ratio
predicts abdominal adiposity in adults. Res Sports Med. (2020) 28:15–26. doi: 10.
1080/15438627.2018.1502183

36. Ejtahed HS, Kelishadi R, Qorbani M, Motlagh ME, Hasani-Ranjbar S,
Angoorani P, et al. Utility of waist circumference-to-height ratio as a screening tool
for generalized and central obesity among Iranian children and adolescents: the
CASPIAN-V Study. Pediatr Diabetes. (2019) 20:530–7. doi: 10.1111/pedi.12855

37. Lee CM, Huxley RR, Wildman RP, Woodward M. Indices of abdominal
obesity are better discriminators of cardiovascular risk factors than BMI: a meta-
analysis. J Clin Epidemiol. (2008) 61:646–53. doi: 10.1016/j.jclinepi.2007.08.012

38. Moosaie F, Fatemi Abhari SM, Deravi N, Karimi Behnagh A, Esteghamati
S, Dehghani Firouzabadi F, et al. Waist-to-height ratio is a more accurate tool
for predicting hypertension than waist-to-hip circumference and BMI in patients
with type 2 diabetes: a Prospective Study. Front Public Health. (2021) 9:726288.
doi: 10.3389/fpubh.2021.726288

39. Cao L, Zhou J, Chen Y, Wu Y, Wang Y, Liu T, et al. Effects of body mass
index, waist circumference, waist-to-height ratio and their changes on risks of
dyslipidemia among chinese adults: the Guizhou Population Health Cohort Study.
Int J Environ Res Public Health. (2021) 19:341. doi: 10.3390/ijerph19010341

40. Yang S, Li M, Chen Y, Zhao X, Chen X, Wang H, et al. Comparison of the
correlates between body mass index, waist circumference, waist-to-height ratio,
and chronic kidney disease in a rural chinese adult population. J Ren Nutr. (2019)
29:302–9.e1. doi: 10.1053/j.jrn.2018.10.008

41. Hukportie DN, Li FR, Zhou R, Zheng JZ, Wu XX, Wu XB. Anthropometric
measures and incident diabetic nephropathy in participants with type 2 diabetes
mellitus. Front Endocrinol. (2021) 12:706845. doi: 10.3389/fendo.2021.706845

42. Guo X, Ding Q, Liang M. Evaluation of eight anthropometric indices for
identification of metabolic syndrome in adults with diabetes. Diabetes Metab Syndr
Obes. (2021) 14:1431–43. doi: 10.2147/DMSO.S294244

43. Savva SC, Lamnisos D, Kafatos AG. Predicting cardiometabolic risk: waist-to-
height ratio or BMI. A meta-analysis. Diabetes Metab Syndr Obes. (2013) 6:403–19.
doi: 10.2147/DMSO.S34220

44. Yang YJ, Park HJ, Won KB, Chang HJ, Park GM, Kim YG, et al. Relationship
between the optimal cut-off values of anthropometric indices for predicting
metabolic syndrome and carotid intima-medial thickness in a Korean population.
Medicine. (2019) 98:e17620. doi: 10.1097/MD.0000000000017620

45. Pan J, Wang M, Ye Z, Yu M, Shen Y, He Q, et al. Optimal cut-off levels of
obesity indices by different definitions of metabolic syndrome in a southeast rural
Chinese population. J Diabetes Investig. (2016) 7:594–600. doi: 10.1111/jdi.12440

46. Shao J, Yu L, Shen X, Li D, Wang K. Waist-to-height ratio, an optimal
predictor for obesity and metabolic syndrome in Chinese adults. J Nutr Health
Aging. (2010) 14:782–5. doi: 10.1007/s12603-010-0106-x

47. Ferrannini E, Haffner SM, Mitchell BD, Stern MP. Hyperinsulinaemia: the
key feature of a cardiovascular and metabolic syndrome. Diabetologia. (1991)
34:416–22. doi: 10.1007/BF00403180

48. Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and insulin
resistance: underlying causes and modification by exercise training. Compr Physiol.
(2013) 3:1–58. doi: 10.1002/cphy.c110062

49. Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA, Stern MP.
Prospective analysis of the insulin-resistance syndrome (syndrome X). Diabetes.
(1992) 41:715–22. doi: 10.2337/diab.41.6.715

50. Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of
pathogenesis and therapy. Lancet. (2005) 365:1333–46.

51. Bhattacharya K, Sengupta P, Dutta S, Chaudhuri P, Das Mukhopadhyay
L, Syamal AK. Waist-to-height ratio and BMI as predictive markers for insulin
resistance in women with PCOS in Kolkata, India. Endocrine. (2021) 72:86–95.
doi: 10.1007/s12020-020-02555-3

52. Lechner K, Lechner B, Crispin A, Schwarz PEH, von Bibra H. Waist-to-height
ratio and metabolic phenotype compared to the Matsuda index for the prediction
of insulin resistance. Sci Rep. (2021) 11:8224. doi: 10.1038/s41598-021-87266-z

53. Yki-Järvinen H. Non-alcoholic fatty liver disease as a cause and a
consequence of metabolic syndrome. Lancet Diabetes Endocrinol. (2014) 2:901–10.
doi: 10.1016/S2213-8587(14)70032-4

Frontiers in Nutrition 12 frontiersin.org

https://doi.org/10.3389/fnut.2022.986090
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1017/S0007114514002657
https://doi.org/10.1111/j.1467-789X.2011.00952.x
https://doi.org/10.1111/j.1467-789X.2011.00952.x
https://doi.org/10.1155/2020/4250793
https://doi.org/10.1155/2020/4250793
https://doi.org/10.1016/j.diabres.2021.109151
https://doi.org/10.1186/s12986-020-00536-x
https://doi.org/10.1186/s12986-020-00536-x
https://doi.org/10.1159/000508842
https://doi.org/10.1159/000508842
https://doi.org/10.1186/s12889-020-09423-9
https://doi.org/10.3390/nu11112598
https://doi.org/10.1186/s12937-018-0416-0
https://doi.org/10.1186/1475-2840-12-18
https://doi.org/10.1186/1475-2840-12-18
https://doi.org/10.4093/dmj.2020.0222
https://doi.org/10.1097/HJH.0000000000000417
https://doi.org/10.1097/HJH.0000000000000417
https://doi.org/10.1186/s13098-022-00824-x
https://doi.org/10.1186/s13098-022-00824-x
https://doi.org/10.1016/j.jdiacomp.2011.11.006
https://doi.org/10.1016/j.jdiacomp.2011.11.006
https://doi.org/10.1161/ATVBAHA.107.159228
https://doi.org/10.1161/ATVBAHA.107.159228
https://doi.org/10.1080/09637480500195066
https://doi.org/10.2337/dc10-1794
https://doi.org/10.3945/an.117.015446
https://doi.org/10.3945/an.117.015446
https://doi.org/10.1080/15438627.2018.1502183
https://doi.org/10.1080/15438627.2018.1502183
https://doi.org/10.1111/pedi.12855
https://doi.org/10.1016/j.jclinepi.2007.08.012
https://doi.org/10.3389/fpubh.2021.726288
https://doi.org/10.3390/ijerph19010341
https://doi.org/10.1053/j.jrn.2018.10.008
https://doi.org/10.3389/fendo.2021.706845
https://doi.org/10.2147/DMSO.S294244
https://doi.org/10.2147/DMSO.S34220
https://doi.org/10.1097/MD.0000000000017620
https://doi.org/10.1111/jdi.12440
https://doi.org/10.1007/s12603-010-0106-x
https://doi.org/10.1007/BF00403180
https://doi.org/10.1002/cphy.c110062
https://doi.org/10.2337/diab.41.6.715
https://doi.org/10.1007/s12020-020-02555-3
https://doi.org/10.1038/s41598-021-87266-z
https://doi.org/10.1016/S2213-8587(14)70032-4
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Waist-to-height ratio is a simple and practical alternative to waist circumference to diagnose metabolic syndrome in type 2 diabetes
	Introduction
	Materials and methods
	Study design and subjects
	Physical examination and laboratory tests
	Diagnostic criteria
	Statistical analysis

	Results
	Clinical characteristics of the subjects
	Comparisons of metabolic syndrome prevalence
	Comparisons of the metabolic syndrome components
	Comparisons of the metabolic syndrome prevalence diagnosed by waist circumference between the subjects with waist-to-height ratio < 0.52 and ≥ 0.52
	Correlation of waist-to-height ratio with insulin resistance
	Association of waist-to-height ratio with metabolic syndrome
	The consistency of diagnosis of metabolic syndrome according to waist circumference and waist-to-height ratio

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


