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Abstract
There is limited research on the relationship between the Hypertriglyceridemic-waist (HTW) phenotype and cardiovascular
risk factors (CVRFs) in adolescents, and its association with cardiovascular risk factor clustering (CVRFC) is unclear. The
aim of this study was to examine the association between HTW phenotype and CVRFs and CVRFC in adolescents. A total of
1478 adolescents aged 12-18 years were classi�ed into normal triglyceride normal waist (NTNW, 66.4%),
hypertriglyceridemia (HTG, 5.5%), enlarged waist (EW, 22.2%) and hypertriglyceridemia-waist (HTW, 5.8%) according to
whether triglycerides (TG)≥1.47 mmol/L and waist circumference (WC) ≥90th percentile by gender and age. CVRFs in this
study included elevated blood pressure(BP), impaired fasting glucose(IFG), high total cholesterol(TC), low high-density
lipoprotein cholesterol (HDL-C), and high low-density lipoprotein cholesterol(LDL-C). After adjusting for gender and age, the
HTW phenotype had a higher risk of Elevated BP, High TC, Low HDL-C and High LDL-C compared to the NTNW
phenotype(the OR and 95% CI were 6.00 (3.79-9.52), 4.58 (2.68-7.83), 4.21 (2.44-7.26) and 6.15 (3.39-11.14), respectively).
And the HTW phenotype increased the risk of CVRFC ≥ 2 and CVRFC ≥ 3 compared to the NTNW phenotype, the OR and
95% CI were 6.64 (4.08-10.80) and 11.74 (5.95-23.13), respectively. And similar results were obtained for both sexes when
strati�ed by gender. The area under the ROC curve (AUC) for TG combining WC in the prediction of the CVRFC ≥ 2 and
CVRFC ≥ 3 were 0.690 (0.651-0.728) and 0.697 (0.659-0.734) in boys, and the AUC were 0.684 (0.647-0.722) and 0.695
(0.657-0.732) for girls(all P<0.01), which were higher than TG or WC alone. These results revealed that the HTW phenotype is
closely associated with cardiovascular risk factors clustering, and TG combining WC performed better than TG or WC alone
in detecting cardiovascular risk factor clustering in both genders. 

Background
Cardiovascular disease (CVD) is currently the leading cause of death worldwide and contributes to millions of deaths and
disability-adjusted life years lost1,2. Cardiovascular risk factors (CVRFs) mainly include hypertension, hyperglycaemia and
dyslipidaemia. It has been shown that CVRFs in childhood are strongly associated with CVD in adulthood3. In recent years,
the prevalence of CVRFs in adolescents has been increasing globally and cardiovascular risk factor clustering(CVRFC) is
becoming younger4. Therefore, early identi�cation of CVRFs and CVRFC in adolescents is urgent.

Hypertriglyceridemic-waist(HTW) phenotypes proposed by Lemieux et al. combines the lipid indicator triglyceride (TG) with
the abdominal obesity indicator waist circumference (WC), which are considered a simple proxy for visceral obesity and
metabolic dysfunction5. Previous studies have shown that the HTW phenotype is strongly associated with CVRFs, and some
adult studies have concluded that the HTW phenotype is a simple and useful marker that can be used to identify CVRFs6–9.
However, studies on the association between the HTW phenotype and CVRFs in adolescents are limited, and the relationship
between the HTW phenotype and CVRFC is unclear.

Therefore, this study investigates the relationship between different HTW phenotypes and cardiovascular risk factors and
cardiovascular risk factors clustering in urban adolescents in China, so as to provide a scienti�c basis for the prevention and
intervention of cardiovascular disease in adolescents.

Material And Methods

Study participants
Data were obtained from a cross-sectional study consisting of 1478 adolescents aged 12-18 years, selected from three
junior schools and three high schools using cluster random sampling method between 2017 and 2020 in Yinchuan city,
China. Schools are �rst selected, then strati�ed according to grade level, and �nally classes are randomly selected within the
groupings. Individuals who had physical disabilities, deformities and congenital genetic diseases were excluded. All subjects
participated in the questionnaire, physical examination and laboratory analysis. All study protocols were approved by the
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Medical Ethics Review Committee of Ningxia Medical University and all informed consents were acquired from study
participants and their guardians(No.2021-G053) and conducted in accordance with the Declaration of Helsinki.

Physical Measurement
Height and weight were measured using a mechanical stadiometer(Model: ZH7082) and an electronic scale(Model: RGT-
140), with the subject removing shoes and heavy clothing, both measured twice and averaged for inclusion in the �nal
analysis, to an accuracy of 0.1cm and 0.1kg for height and weight respectively. Waist circumference(WC) was measured
using a nylon tape measure and the measurements were averaged twice to an accuracy of 0.1cm. BMI was calculated as
weight divided by the squared of height(kg/m2). Blood pressure(BP) was measured by using a calibrated electronic
sphygmomanometer (Model: HEM-7012, Omron, Japan) according to the standard method by the "American Hypertension
Education Project Working Group"10. A suitable cuff was chosen for the measurement (7cm, 9cm, 12cm, etc. for BP
measurement in adolescents) and the subject was seated facing the measurer and BP was measured on the right upper arm
with the elbow at the same level as the sphygmomanometer and the heart. Systolic blood pressure(SBP) and diastolic blood
pressure (DBP) were measured three times at 1-minute intervals, and the average of the last two readings was recorded for
the �nal analysis(a third measurement was taken if the difference between the �rst two blood pressure values exceeded 10
mm Hg (1 mm Hg = 0.133 kPa)).

Biochemical Analysis
Venous blood samples were collected after at least 12 hours of overnight fasting. fasting plasma glucose(FPG), triglycerides
(TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were
measured by using an automated biochemistry analyser (Model: AU480, American). FPG, TG and TC were detected by
enzymatic methods, HDL-C and LDL-C were measured by the direct method-peroxidase method.

De�nitions
Cardiovascular risk factors(CVRFs) were de�ned as follows11,12: Elevated WC, WC≥90th percentile by gender and age;
Elevated BP, SBP or DBP≥90th percentile by gender and age; impaired fasting glucose(IFG), FPG≥5.6 mmol/L;high TG,
TG≥1.47 mmol/L; high TC, TC≥5.18 mmol/L; high LDL-C, LDL-C≥3.37 mmol/L; low HDL-C, HDL-C ≤1.03 mmol/L.

Cardiovascular disease risk factor clustering (CVRFC) refers to the number of �ve factors as follows: elevated BP, IFG, high
TC, high LDL-C and low HDL-C(High TG was not included in the de�nition of CVRFC in this study to avoid spurious
associations). CVRFC≥2 was de�ned as the presence of at least two cardiovascular risk factors and CVRFC≥3 was de�ned
as the presence of at least three cardiovascular risk factors.

The study subjects were divided into four groups according to WC and TG level:(1) normal triglyceride normal waist (NWNT):
TG<1.47 mmol/L and WC<90th percentile by gender and age; (2)hypertriglyceridemia (HTG): TG≥1.47 mmol/L and WC<90th
percentile by gender and age; (3)enlarged waist (EW): TG<1.47 mmol/L and WC≥90th percentile by gender and age;
(4)hypertriglyceridemic-waist (HTW): TG≥1.47 mmol/L and WC≥90th percentile by gender and age.

Statistical analysis
SPSS 26.0 and GraphPad Prism 7.0 were used for data analysis and mapping. All data were expressed as mean±standard
deviation(SD) for continuous variables, P50(P25,P75) for skewed variables and percentages for categorical variables. For
comparisons between groups, ANOVA were used for continuous variables, Mann-Whitney U-test for skewed variables and
chi-square tests for categorical variables. Binary logistic regression analysis was used to analyze the association between



Page 4/12

different HTW phenotype and cardiovascular risk factors and clustering. Receiver operating characteristic (ROC) curve was
used to compare the effects of TG combining WC for predicting cardiovascular risk factors clustering. Two-sided P<0.05
was regarded as statistically signi�cant.

Results
A total of 1478 study participants aged 12-18 years were included in the analysis. Of these, the NTNW, HTG, EW and HTW
phenotypes accounted for 66.4%, 5.5%, 22.2% and 5.8% respectively. Differences in gender, height, weight, BMI, WC, WHtR,
SBP, DBP, FPG, TG, TC, HDL-C and LDL-C were found among children and adolescents with different HTW phenotypes (all
P<0.01).

Further analysis revealed that there were differences in the basic characteristics of both boys and girls across phenotypes
(all P<0.01). The boys with the HTW phenotype had higher BMI, WC, WHtR, SBP, DBP, TG and LDL-C than those with the
NTNW, HTG and EW phenotypes respectively (P<0.05). And BMI, WC, WHtR, SBP, DBP, TG, and TC were all higher in girls with
HTW phenotype than in girls with NTNW, HTG, and EW phenotypes, respectively (all P<0.05), as shown in Table 1 and Table
2.

 
Table 1

Comparison of basic characteristics of boys with different HTW phenotypes
Variables NTNW

(N=982)

HTG

(N=82)

EW

(N=328)

HTW

(N=86)

F/H P value

Age(year) 15.0±1.5 15.3±1.5 14.7±1.3ab 14.7±1.6b 3.88 0.009

Height(cm) 170.2±8.1 171.5±7.2 174.0±6.8a 173.6±7.3a 11.29 <0.001

Weight(kg) 54.9±8.0 55.4±6.1 78.4±11.8ab 81.9±10.3abc 394.16 <0.001

BMI(kg/m2) 18.9±2.0 18.9±2.0 25.9±3.1ab 27.2±2.8abc 542.36 <0.001

WC(cm) 68.9±4.7 70.5±4.4 89.2±8.9ab 92.7±9.0abc 661.11 <0.001

WHtR 0.41±0.03 0.41±0.03 0.51±0.05ab 0.53±0.06abc 618.03 <0.001

SBP(mm Hg) 111.1±10.6 111.9±12.7 121.0±10.1ab 124.4±10.9abc 52.36 <0.001

DBP(mm Hg) 65.9±7.9 67.3±7.7 69.5±7.0a 74.2±8.8abc 23.82 <0.001

FPG(mmol/L) 4.76±0.72 5.29±1.21 4.83±0.60b 4.84±0.81b 7.59 <0.001

TG(mmol/L)* 0.82(0.66,1.02) 1.67(1.57,1.84)a 0.97(0.77,1.23)ab 1.96(1.61,2.37)abc 277.30 <0.001

TC(mmol/L) 3.86±0.88 4.61±1.11a 3.84±0.82b 4.79±0.95ac 24.21 <0.001

HDL-C(mmol/L) 1.46±0.36 1.59±0.49a 1.24±0.28ab 1.25±0.35ab 23.07 <0.001

LDL-C(mmol/L) 2.11±0.71 2.49±0.89a 2.25±0.73a 2.90±1.38abc 18.56 <0.001

Note: *, abnormal distribution; NTNW, normal triglyceride normal waist; HTG, hypertriglyceridemia; EW, enlarged waist;
HTW, hypertriglyceridemia-waist; a compare with NTNW group, P<0.05; b compare with HTG group, P<0.05; c compare
with EW group,P<0.05.
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Table 2
Comparison of basic characteristics of girls with different HTW phenotypes

Variables NTNW

(N=982)

HTG

(N=82)

EW

(N=328)

HTW

(N=86)

F/H P value

Age(year) 14.3±1.6 14.2±1.5 14.8±1.5a 14.4±1.6 3.25 0.022

Height(cm) 161.1±5.7 159.6±6.5 164.8±6.0ab 163.7±6.0ab 18.62 <0.001

Weight(kg) 48.1±4.9 48.7±4.8 64.1±8.8ab 66.1±9.6ab 267.15 <0.001

BMI(kg/m2) 18.6±1.7 19.1±1.9 23.6±2.8ab 24.7±3.6abc 237.21 <0.001

WC(cm) 68.7±3.8 69.9±3.0 82.8±6.9ab 85.1±8.4abc 332.46 <0.001

WHtR 0.43±0.03 0.44±0.02a 0.50±0.04ab 0.52±0.05abc 249.56 <0.001

SBP(mm Hg) 106.8±9.2 105.0±7.8 112.2±10.6ab 117.2±11.4abc 22.56 <0.001

DBP(mm Hg) 68.1±7.3 67.2±5.7 70.4±8.3ab 73.4±8.8abc 8.44 <0.001

FPG(mmol/L) 4.73±0.59 5.00±0.97a 4.63±0.47b 4.81±0.49 4.63 0.003

TG(mmol/L)* 0.86(0.69,1.03) 1.67(1.53,1.96)a 0.90(0.75,1.27)ab 1.81(1.55,2.15)abc 203.94 <0.001

TC(mmol/L) 3.91±0.95 4.69±1.46a 4.00±0.82b 4.37±1.12abc 8.92 <0.001

HDL-C(mmol/L) 1.52±0.42 1.71±0.73a 1.43±0.33ab 1.33±0.40ab 6.90 <0.001

LDL-C(mmol/L) 2.03±0.68 2.40±1.01a 2.17±0.71a 2.36±0.97a 5.02 0.002

Note: *, abnormal distribution; NTNW, normal triglyceride normal waist; HTG, hypertriglyceridemia; EW, enlarged waist;
HTW, hypertriglyceridemia-waist; a compare with NTNW group, P<0.05; b compare with HTG group, P<0.05; c compare
with EW group,P<0.05

Figure 1 shows that the prevalence of elevated BP, IFG, high TC, low HDL-C, high LDL-C, CVRFC ≥ 2 and CVRFC ≥ 3 differed
by HTW phenotype in the total population and both genders (all P<0.05).

Table 3 provides the associations between different HTW phenotypes and cardiovascular risk factors. After adjusting for
gender and age, the HTW phenotype had a higher risk of Elevated BP, High TC, Low HDL-C and High LDL-C compared to the
NTNW phenotype, the OR and 95% CI were 6.00 (3.79-9.52), 4.58 (2.68-7.83), 4.21 (2.44-7.26) and 6.15 (3.39-11.14). After
gender strati�cation, the results showed that the HTW phenotype was a risk factor of Elevated BP, High TC, Low HDL-C and
High LDL-C in boys, respectively, while the HTW phenotype was a risk factor of Elevated BP and Low HDL-C in girls(all
P<0.01). 
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Table 3
Binary Logistic regression analysis of different HTW phenotypes and cardiovascular risk factors

Variables Totala   Boysb   Girlsb

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

Elevate BP                

NTNW Reference     Reference     Reference  

HTG 0.56(0.27-1.14) 0.110   0.55(0.19-1.57) 0.263   0.56(0.21-1.50) 0.252

EW 2.86(2.16-3.79) <0.001   3.04(2.05-4.52) <0.001   2.62(1.75-3.93) <0.001

HTW 6.00(3.79-9.52) <0.001   6.19(3.36-11.38) <0.001   5.67(2.80-11.47) <0.001

IFG                

NTNW Reference     Reference     Reference  

HTG 3.29(1.89-5.72) <0.001   3.40(1.72-6.71) <0.001   2.91(1.13-7.51) 0.027

EW 0.78(0.49-1.25) 0.310   1.13(0.65-1.97) 0.658   0.36(0.15-0.86) 0.022

HTW 1.54(0.47-2.98) 0.204   1.87(0.86-4.07) 0.117   0.91(0.25-3.24) 0.879

High TC                

NTNW Reference     Reference     Reference  

HTG 2.99(1.69-5.31) <0.001   2.23(0.98-5.10) 0.058   4.13(1.80-9.46) 0.001

EW 1.09(0.71-1.68) 0.698   1.12(0.58-2.17) 0.738   0.96(0.53-1.73) 0.892

HTW 4.58(2.68-7.83) <0.001   8.01(4.08-15.73) <0.001   1.90(0.75-4.82) 0.179

Low HDL-C                

NTNW Reference     Reference     Reference  

HTG 1.53(0.73-3.19) 0.263   0.79(0.24-2.64) 0.704   2.38(0.88-6.42) 0.086

EW 2.33(1.58-3.44) <0.001   3.87(2.47-6.08) <0.001   0.78(0.35-1.74) 0.548

HTW 4.21(2.44-7.26) <0.001   3.62(1.80-7.29) <0.001   4.91(2.07-11.63) <0.001

High LDL-C                

NTNW Reference     Reference     Reference  

HTG 3.08(1.55-6.12) 0.001   2.36(0.86-6.48) 0.096   3.85(1.46-10.15) 0.006

EW 1.49(0.89-2.48) 0.130   2.09(1.03-4.22) 0.041   0.94(0.45-1.96) 0.875

HTW 6.15(3.39-11.14) 0.008   11.10(5.31-23.22) <0.001   2.20(0.75-6.45) 0.150

Note: a adjusted gender and age; b adjusted age

Table 4 indicates that before adjusting for variables, the HTW phenotype increased the risk of CVRFC ≥2 and CVRFC ≥3
compared to the NTNW phenotype. This risk persisted after adjusting for gender and age, OR and 95% CI were 6.64 (4.08-
10.80) and 11.74 (5.95-23.13), respectively. After strati�cation by gender, the results were similar to the total population. The
HTW phenotype was a risk factor for CVRFC ≥ 2 and CVRFC ≥ 3 in both genders before and after adjustment for age(all
P<0.01).
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Table 4

Binary Logistic regression analysis of different HTW phenotypes and cardiovascular risk factors clustering

  CVRFC≥2   CVRFC≥3

Variables Model 1   Model 2   Model 1   Model 2

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

Total                      

NTNW Reference     Reference     Reference     Reference  

HTG 2.16(1.22-
3.83)

0.008   2.19(1.23-
3.91)

0.008   3.89(1.62-
9.36)

0.002   3.80(1.57-
9.19)

<0.001

EW 1.74(1.23-
2.47)

0.002   1.82(1.27-
2.61)

0.001   1.45(0.70-
3.00)

0.321   1.39(0.66-
2.93)

0.391

HTW 5.95(3.71-
9.55)

<0.001   6.64(4.08-
10.80)

<0.001   11.04(5.68-
21.44)

<0.001   11.74(5.95-
23.13)

<0.001

Boys                      

NTNW Reference     Reference     Reference     Reference  

HTG 1.69(0.73-
3.94)

0.225   1.61(0.69-
3.77)

0.274   3.86(1.05-
14.22)

0.042   3.59(0.97-
13.34)

0.056

EW 2.82(1.78-
4.45)

<0.001   3.08(1.94-
4.91)

<0.001   1.88(0.65-
5.41)

0.243   2.17(0.74-
6.33)

0.177

HTW 9.97(5.35-
18.55)

<0.001   11.15(5.90-
21.06)

<0.001   18.03(7.57-
42.93)

<0.001   21.10(8.62-
51.63)

<0.001

Girls                      

NTNW Reference     Reference     Reference     Reference  

HTG 2.53(1.14-
5.61)

0.022   2.79(1.23-
6.34)

0.014   3.42(1.03-
11.33)

0.045   3.60(1.08-
12.07)

0.038

EW 0.96(0.55-
1.67)

0.876   0.83(0.47-
1.46)

0.513   0.98(0.36-
2.69)

0.965   0.88(0.32-
2.44)

0.808

HTW 2.78(1.28-
6.03)

<0.001   2.89(1.30-
6.44)

0.009   5.38(1.83-
15.24)

0.002   5.34(1.83-
15.54)

0.002

Note: Model 1, not adjusted; Model 2, adjusted for age(add a gender adjustment to the total)

Table 5 shows the results of the ROC curve analysis. TG combining WC performed better than TG or WC alone in detecting
cardiovascular risk factor clustering. In boys, the AUC were 0.690 (0.651-0.728) and 0.697 (0.659-0.734) in predicting CVRFC
≥ 2 and CVRFC ≥ 3. And the AUC were 0.684 (0.647-0.722) and 0.695 (0.657-0.732) for girls in predicting CVRFC ≥ 2 and
CVRFC ≥ 3(all P<0.01). 
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Table 5
Comparison of the area under the ROC curve of WC, TG, TG combining WC and cardiovascular risk factors clustering

Variables Totala   Boysb   Girlsb

AUC 95%CI P
value

  AUC 95%CI P
value

  AUC 95%CI P
value

CVRFC≥2                      

TG 0.677 (0.640-
0.715)

<0.001   0.674 (0.636-
0.712)

<0.001   0.673 (0.635-
0.710)

<0.001

WC 0.662 (0.623-
0.701)

<0.001   0.655 (0.616-
0.695)

<0.001   0.651 (0.613-
0.689)

<0.001

TG combining
WC

0.696 (0.659-
0.734)

<0.001   0.690 (0.651-
0.728)

<0.001   0.684 (0.647-
0.722)

<0.001

CVRFC≥3                      

TG 0.773 (0.719-
0.827)

<0.001   0.677 (0.639-
0.714)

<0.001   0.677 (0.639-
0.714)

<0.001

WC 0.719 (0.654-
0.784)

<0.001   0.659 (0.620-
0.699)

<0.001   0.659 (0.619-
0.698)

<0.001

TG combining
WC

0.782 (0.725-
0.840)

<0.001   0.697 (0.659-
0.734)

<0.001   0.695 (0.657-
0.732)

<0.001

Note: a adjusted gender and age; b adjusted age

Discussion
Firstly, in this study, we found that after adjusting for gender and age, the HTW phenotype had a higher risk of Elevated BP,
High TC, Low HDL-C and High LDL-C compared to the NTNW phenotype. After gender strati�cation, similar results were
obtained for boys, however, the HTW phenotype was a risk factor for elevated BP and low HDL-C in girls. Secondly, further
studies showed that the HTW phenotype increased the risk of CVRFC ≥ 2 and CVRFC ≥3 compared to the NTNW phenotype.
Moreover, similar results were obtained for both sexes when strati�ed by gender. Finally, ROC curve analysis showed that TG
combining WC performed better than TG or WC alone in detecting CVRFC ≥ 2 and CVRFC ≥3.

A one-year cohort study of children and adolescents showed that the HTW phenotype was a risk factor for longitudinal
changes in SBP during follow-up13. Another study showed that the HTW phenotype was a strong predictor of incident
hypertension, those with HTW phenotype were 2.3 times more likely to develop hypertension than those with NTNW
phenotype after adjusting for gender and age14. The results of other study also suggest that the HTW phenotype is
independently associated with the risk of cardiovascular disease, with a higher prevalence of hypertension in the HTW
phenotype compared to the NTNW phenotype8. Those are consistent with the results of the present study. Esmaillzadeh et
al. suggest that adolescents with the HTW phenotype are not signi�cantly associated with the development of IFG compared
to adolescents with the NTNW phenotype15. This is similar to our results. However, another study of children and
adolescents identi�ed that after adjusting for confounding variables, an increase in fasting glucose mean of 3.87 mg/dl
(95%CI: 1.68-6.05) at one-year follow-up in those with the HTW phenotype13. Several studies in adults have also shown that
the HTW phenotype is associated with IFG and even with the incident of type 2 diabetes6,16,17. This difference may be
related to differences in study populations and regions, as well as the lower prevalence of IFG in adolescents in this
population. Further explanation of the association between the HTW phenotype and glucose in adolescent is still needed in
more studies. The study of Esmaillzadeh et al. showed that adolescents with the HTW phenotype were signi�cantly more
likely to have high TC (OR=2.9; 95%CI:2.0-4.2), high LDL-C (OR=1. 8; 95% CI: 1.3-2.7) and low HDL-C (OR=1.6; 95%CI:1.3-2.0)
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after controlling for potential confounding variables15. Kelishadi et al. similarly showed that HTW was associated with high
TC in children and adolescents aged 10-18 years18. Adult studies have also found that individuals with the HTW phenotype
have a greater chance of having low HDL-C and LDL-C compared to individuals with the NTNW phenotype8,19,20. We
obtained similar results in boys, but in girls the HTW phenotype was associated with low HDL-C, but not with high TC and
high HDL-C. This difference may be related to differences in gender and sex hormone levels, but more de�nitive underlying
mechanisms need to be further investigated.

The clustering of CVRFs among adolescents is known to be associated with accelerated atherosclerosis and an increased
risk of many chronic diseases, such as  hypertension, hyperglycaemia and dyslipidaemia in adulthood21–23. Therefore, after
con�rming the association of the HTW phenotype with individual CVRFs, our study further analyzed its association with
CVRFC and results presented that the HTW phenotype was related with an increased risk of CVRFC ≥2(OR=6.64; 95%CI:4.08-
10.80)  and CVRFC ≥3(OR=11.74; 95%CI:5.95-23.13) in adolescents. Previous studies in adolescents have shown that the
HTW phenotype is a stronger risk factor for CVRFC ≥1 (OR=1.4; 95%CI:1.1-1.7) and CVRFC≥2(OR=2.2; 95%CI:1.6-3.0)
compared to adolescents with the NTNW phenotype after adjusting for potential confounding variables15. This is similar to
the results of our study. Another adult study showed that hypertensive adults with the HTW phenotype were signi�cantly
more likely to have all CVRFs compared to the NTNW group, and in particular for 8.35 times more likely to have CVRFC ≥3
(95% CI: 5. 92-11.79)9. Esmaillzadeh et al. also presented a clustering of metabolic abnormalities in adolescents with the
HTW phenotype and suggested this phenotype as a simple marker to identify adolescents at risk for metabolic
syndrome(MetS) and other metabolic abnormalities15.  The �ndings of Kelishadi et al. suggest that the HTW phenotypes
could be used in place of all MetS component measures as a screening index for identifying children and adolescents at
high risk of cardiometabolic disease in primary care settings and large epidemiological studies18. 

Some adult studies have also shown that the HTW phenotype is independently associated with CVRFs and suggest that the
HTW phenotype may be a simple and useful tool to screen individuals for future cardiovascular disease risk6,8,19. Liu et al.
showed that the HTW phenotypes is a reliable tool for identifying MetS, with an AUC of 0.843 (0.824-0.862) in men and
0.839 (0.813-0.865) in women24. Another study showed an AUC of 0.81 for TG*WC to predict metabolic syndrome25. In
present study, TG combining WC predicted AUC of 0.690 and 0.697 for CVRFC ≥ 2 and CVRFC ≥ 3 in boys and 0.684 and
0.695 for CVRFC ≥ 2 and CVRFC ≥ 3 in girls, respectively.  Lee et al. also concluded that the combination of TG and WC has
been illustrated as the best indicator of overall MetS in both genders26. Other study has further con�rmed that the HTW
phenotype can be used as a simple and clinically useful method to identify adolescents at increased cardiometabolic risk27.
A number of other studies have similarly shown that individuals with the HTW phenotype have a signi�cantly more
unfavourable cardiometabolic pro�le than those with the NTNW phenotype and that HTW is effective in identifying
cardiometabolic risk7,28. These �ndings suggest that the HTW phenotype is not only strongly associated with individual
cardiovascular risk factors, but also has important implications for the identi�cation of metabolic syndromes and
cardiovascular risk factor clustering. 

Regarding the HTW phenotype increased risk of cardiovascular risk factors may be associated with insulin resistance and
endothelial dysfunction. First, the increase in WC, a proxy for visceral adiposity, re�ects to some extent the accumulation of
visceral adipose tissue. In the case of central obesity, visceral adipocytes release excess fatty acids and pro-in�ammatory
adipocytokines such as leptin and tumour necrosis factor alpha into the portal circulation, leading to increased hepatic
adiposity and insulin resistance, which further activates the renin-angiotensin-aldosterone system, increasing sympathetic
activity, enhancing procoagulant activity, and inducing endothelial dysfunction, leading to hypertension and other
cardiovascular diseases29–31. And a recent study found that high TG and high WC is a state of insulin resistance in
adolescents32. Besides, a Meta-analysis showed a signi�cant correlation between the HTW phenotype and insulin
resistance16. When the body has both abdominal obesity and high triglycerides, there may be a superimposed effect on
insulin resistance. Insulin resistance has been identi�ed as a major cause of increased cardiovascular risk
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factors33. However, the underlying mechanisms regarding the relationship between HTW and cardiovascular risk factors
remain unclear and require further elaboration in more studies.

Our study provides a reference for understanding the association of the HTW phenotype with individual cardiovascular risk
factors and cardiovascular risk factors clustering. However, there are several limitations of the study that should be noted.
Firstly, this cross-sectional study limits the causal interpretation of the observed associations. Secondly, this study did not
assess some confounding factors such as lifestyle and physical activity, which may have in�uenced our results. Thirdly, the
results cannot be generalised to other populations due to the age and ethnicity limitations of the participants.

Conclusions
In conclusion, HTW phenotype was strongly associated with individual cardiovascular risk factors and cardiovascular risk
factors clustering in adolescents, TG combining WC performed better than TG or WC alone in predicting cardiovascular risk
factor clustering. We suggest that the HTW phenotype can be considered as a simple and useful indicator of cardiovascular
risk factors clustering in Chinese adolescents.
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Figures

Figure 1

Prevalence of cardiovascular risk factors in the participants across different HTW phenotype groups Note: IFG, impaired
fasting glucose; NTNW, normal triglyceride normal waist; HTG, hypertriglyceride -mia; EW, enlarged waist; HTW,
hypertriglyceridemia-waist CVRFC, cardiovascular risk factor clus -tering


