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Abstract

Left ventricular hypertrophy (LVH) is a major cardiac complication of hypertension. Weight-adjusted-waist index (WWTI) is
a new obesity index that has been found to be positively associated with cardiovascular disease mortality. We aimed to
investigate the relationship between the WWI and LVH in Chinese hypertension adults. The study is a community-based
cross-sectional study that included 4715 patients with hypertension and integrated clinical and echocardiographic data. LVH
was diagnosed by transthoracic echocardiography in these patients based on a criterion of left ventricular mass index (LVMI)
over 49.2 g/m*” in men and 46.7 g/m>’ in women. The independent association between the WWI quartiles and LVH
prevalence was analyzed by logistic regression models. The prevalence of LVH in the first quartile of WWI (Q1: <10.16),
second (Q2: 10.16 ~ 10.67), the third (Q3: 10.68~11.19), and the highest quartile (Q4: 211.20) was 34.1%, 38.4%, 42.4%,
51.5%, respectively. Logistic regression analysis suggested that the WWI was independently correlated with LVH with
adjustment of confounding factors, and increased across the quartile of WWI. Compared to the first quartile of WWI (Q1),
the odds ratios (ORs) and their 95% confidence intervals (CIs) for LVH in the increasing quartiles (Q2—-Q4) were 1.33(1.08-
1.63), 1.50 (1.19-1.89) and 2.28(1.74-2.99), respectively. In stratified analyses, the relationship between WWI and LVH
risk persisted. The WWI may be an independent determinant of LVH in Chinese hypertension adults.
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Introduction

Left ventricular hypertrophy (LVH) is a serious cardiac disease
characterized by ventricular wall thickening, increased myo-
cardial weight, and myocardial remodeling, which further leads
to heart failure [1, 2]. LVH often occurs in hypertensive patients
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and is the most common complication of hypertension [3, 4].
LVH significantly increases the risk of coronary atherosclerotic
heart disease, heart failure, stroke, and death in hypertensive
patients [2, 5, 6]. Studies have shown that obesity increases the
accumulation of fat in the heart and increases the risk of
hypertensive LVH [7, 8]. Therefore, early improvement of
obesity assessment and early identification and reversal of LVH
in patients with obesity-related hypertension can significantly
reduce the risk of cardiovascular events and death. [9, 10].
WWI is a new obesity index. Previous studies have shown
that WWTI is positively associated with fat mass and negatively
associated with muscle mass [11]. The study of approximately
1 million Korean adults found that WWI was positively
associated with cardiovascular mortality and was best at pre-
dicting the risk of cardiometabolic disease and death, which
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has been proposed to assess obesity [11, 12]. Studies have
shown that obesity increases fat accumulation in the heart,
which is often associated with LVH [7]. Traditionally, body
mass index (BMI) and waist circumference (WC) have been
used to identify obesity and related cardiometabolic diseases.
However, recently, a large epidemiological study showed that
WWI was the best predictor of cardiovascular mortality
compared with BMI/WC [12]. Given that LVH is an inde-
pendent risk factor for cardiovascular disease, the relationship
between WWI and LVH in hypertensive population remains
unclear. These findings suggest that epidemiological studies
should further explore the association between WWI and
LVH. We hypothesized that WWI could be used as an effec-
tive indicator for the early identification of LVH risk in
hypertensive population. Therefore, we conducted a cross-
sectional study to clarify the association between WWI and
LVH and to assess whether it was influenced by other relevant
factors. In addition, subgroup analyses were performed to test
the robustness of our results.

Methods
Study population

Our study protocol and exclusion criteria were described in
detail in previous studies [6, 13]. This study used a multi-stage
cluster sampling method to conduct a cross-sectional survey of
rural residents aged 40—75 years in Xinyang County, central
China during 2004-2005. A total of 13,444 villagers (5270
males and 8174 females) completed the survey. A total of 5421
hypertensive patients were enrolled. Among them, 4805
patients completed the measurement of left ventricular weight.
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Ninety participants were excluded due to a lack of anthropo-
metric data. Figure 1 shows the recruitment process of the
study population. This study was approved by the ethics
committees of Fuwai Hospital and local hospitals. The
research process follows ethical standards. All study subjects
provided written consent forms and all investigators received
uniform training at the Chinese Academy of Medical Sciences
(Beijing, China) before the start of the study.

Covariate measurements and definitions

Demographic data, past medical history, smoking, and
alcohol consumption were recorded accurately. Smoking
history refers to past or current regular smoking behavior.
Drinking history refers to regular drinking behavior in the
past or at present. All subjects underwent routine physical
examinations, including height, weight, WC, hip cir-
cumference, and resting blood pressure (blood pressure
measured by a trained professional with a standard mercury
sphygmomanometer). Participants should rest for at least
five minutes and refrain from caffeinated beverages or
exercise before taking blood pressure measurements. Mea-
surements were taken three times, at least 30 s apart, and
averaged over three times. Use the same height—weight
measuring machine and ruler. During the measurement, the
subjects wore light-colored clothes, took off their shoes and
hats, and stood at attention. The height and weight of the
subjects were accurate to 0.1 cm and 0.1 kg, respectively.
We measured the WC of the standing subjects with a piece
of soft tape located between the lowest rib and the iliac crest
(to the nearest 0.1 cm).

WWI was a new anthropometric index to assess adip-
osity by standardizing WC for weight and it was calculated
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Fig. 1 The recruitment process of the study population

with the following formulax WWI=WC (cm)/
v/ weight(kg) [12]. BMI was calculated with the following
formula: BMI = weight (kg)/height’ (m?). All patients were
fasted for at least 12 h in the morning to collect blood from
the antecubital vein. Quantitative analysis of fasting blood
glucose (FPG), total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), triglycerides (TG), electrolytes and renal
functional indicators, etc. Hypertension was defined as
diastolic blood pressure (DBP) of 290 mmHg, systolic
blood pressure (SBP) of 2140 mmHg, physician diagnosis,
or current hypertension medication (defined by World
Health Organization in 1999) [14].

Echocardiography measurements

A HP 5500 (Phillips Healthcare System, USA) or HDI 3000
(ATL, USA) color Doppler ultrasound diagnostic instru-
ment was used to make M-mode, two-dimensional (2D) and
color Doppler recordings from parasternal long-axis and
short-axis Windows. 2D and color Doppler assessments
were also performed from the apical window to produce 2,
3, and 4 chamber images. We also measured end-systolic
diameter, end-diastolic diameter, interventricular septal
thickness, and posterior left ventricular wall thickness. LV
interior dimensions, interventricular septum, and posterior
wall thickness were measured during three cardiac cycles,
end-diastolic and systolic, as recommended by the Amer-
ican Society of Echocardiography [15]. Left ventricular
mass (LVM) was calculated by using the following equa-
tion: 0.8 x 1.04[(IVS + LVEDD + PW)® — LVEDD?] x 0.6.
Interventricular septal thickness (IVS) is the interventricular
septum, posterior wall thickness (PW) is the posterior wall,
and left ventricular end-diastolic diameter (LVEDD) is left

ventricular end-diastolic diameter. LVM was divided by
height2'7 to obtain LVMI (LVM]I,;; 7). LVH was diagnosed
with the criteria of LVM>49.2 gm’z‘7 in males and
46.7 gm’z'7 in females [16]. Transthoracic echocardio-
graphy was performed by 2 echocardiographers trained in
echocardiography at Fuwai Hospital, Chinese Academy of
Medical Sciences [1].

Statistical analyses

SPSS 26.0 statistical software was used for data management
and statistical analysis. According to the baseline WWI, the
subjects were divided into four groups QI(<10.16),
Q2(10.16-10.67), Q3(10.68-11.19), and Q4(=11.20), and the
parameters of the four groups were compared. The
Kolmogorov—Smirnoff test is used to check whether the data
has a normal distribution. Data are reported as mean + stan-
dard deviation for continuous variables and as percentages for
categorical variables. The clinical variables and echocardio-
graphic data of all subjects were grouped by WWI quatrtile, the
continuous variables were analyzed by ANOVA, and the
categorical variables were compared by chi-square test.
Logistic regression analysis was used to calculate ORs and
95% ClIs. The sequence model is established. Firstly, we refer
to the previous high-quality literatures in related fields, sum-
marize the confounding corrected by most literatures, and
make the next adjustment as an alternative. Secondly, after we
have determined the confounders that need to be adjusted and
alternative, we can make the final confirmation of alternative
confounders through the results of univariate analysis. Vari-
ables with statistical significance (P <0.05) were included in
subsequent models for analysis. However, because in uni-
variate analysis, the differences between the results could not
fully reflect the relationship between the alternative con-
founders and the study factors or outcomes. Because uni-
variate analysis only makes a comparison between two
variables, and ignores the influence of other effects. To reduce
this effect, we can appropriately relax the P value threshold to
0.1, 0.2, or even 0.4, etc. In addition, although there is no
significant difference in factor analysis, the real effect between
them is likely to be underestimated, masked, or reinforced.
Broadening the P value can include as many alternative
confounders as possible. We adjusted these variables into the
model according to the steps above. Model 1 is the unadjusted
variable. In model 2, adjustments were made for age and sex.
In addition to confounding factors analyzed in Model 2, pulse,
BMI, WC, SBP, DBP FPG, alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), TC, TG, LDI-C, HDL-
C, serum creatinine (SCr), serum uric acid (SUA), smoking,
drinking, and coronary heart disease, diabetes, stroke history
were adjusted in Model 3 on the basis of Model 2. In addition,
the ORs and 95% ClIs of LVH and WWTI in each subgroup
were obtained by stratified analysis according to sex, age and
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Z?Izlti d1y lf.)zitellcllr;ea ;tl;age;ctve;f;‘}f Variables Weight-adjusted waist index (WWI) (cm/ykg) P value
adjusted waist index Q1 (<10.16) Q2 (10.16-10.67) Q3 (10.68-11.19) Q4 (211.20)
N 1177 1173 1178 1187
Age(years) 56.76+8.99  56.78 +8.63 58.02+8.25 60.88+8.04  <0.001
Females (%) 647 (55.2) 696 (59.5) 808 (68.8) 962 (81.4) <0.001
Pulse(times/min) 71.8+123 714+11.7 73.0+12.5 744123 <0.001
BMI (kg/m?) 2471774  2597+3.21 26.79 £3.24 2744£394  <0.001
WC (cm) 74.10£12.88  84.41+7.09 88.97+7.22 9457£929  <0.001
SBP (mmHg) 161.16 +24.82 162.55+23.48 164.46+24.74  165.86+24.37 <0.001
DBP (mmHg) 96.37+12.54 97.33x+12.11 97.34+12.52 96.74+13.02  <0.001
FPG (mmol/L) 5.40+1.54 5.45+1.46 571+1.87 572+1.82 <0.001
ALT (mmol/L) 1849+12.51 20.57+14.52 20.03 + 13.48 19.75+12.69  0.002
AST (mmol/L) 28.01£15.13  28.62%17.57 27.75 £ 13.54 27.10£1042  0.088
TC (mmol/L) 5.35+1.04 5.47+1.09 5.60+1.09 571+1.13 <0.001
TG (mmol/L) 1.38+1.25 1.69+1.28 1.79+1.23 1.87+1.14 <0.001
HDL-C (mmol/L) 1.62+0.36 1.55+0.34 1.52+0.33 1.51+0.32 <0.001
LDL-C (mmol/L) 2.97+0.80 3.09 +0.84 3.23+0.86 3.31+0.89 <0.001
SCr (umol/L) 68.40+32.00 66.96+26.14 64.84+21.13 64.81+23.26  0.001
eGFR(mL/min/ 103.81£42.7 109.52+37.59  112.31+39.01 107.29 +38.82 <0.001
1.73 m?
SUA(umol/L) 281.07 +81.88 294.43+£89.08  297.60+89.67  298.14+85.27 <0.001
Smoking (%) 73 (6.2) 77 (6.6) 63 (5.4) 51 (4.3) <0.001
Drinker (%) 62 (5.3) 63 (5.4) 51 (4.4) 47 (4.0) <0.001
CHD, n (%) 85 (7.2) 104 (8.9) 113 (9.6) 138 (11.7) 0.003
Diabetes, n (%) 32 (2.7) 46 (3.9) 75 (6.4) 71 (6.0) <0.001
Stroke, n (%) 113 (9.7) 114 (9.8) 114 (9.9) 151 (13.0) 0.027
LVH, n (%) 401 (34.1) 451 (38.4) 497 (42.4) 611(51.5) <0.001
UCG indices
IVST (cm) 0.98+£0.16 1.00+0.16 1.00+0.16 1.01+0.16 <0.001
LVEDD (cm) 4.59+0.51 4.55+0.50 4.56+0.52 4.51+0.51 0.002
PWT (cm) 0.97 £0.14 0.97 +0.13 0.97 £0.14 0.98 £0.14 0.118
RWT 0.43 +0.07 0.43 +0.07 0.43 +0.08 0.44 +0.08 <0.001
LVM (g) 15836452 159.00+43.39  159.69 +43.97 158.73+43.88  0.904
LVM/H>(g/h*7) 4455+1227 4529+11.47 46.64+12.11 49.21+13.60 <0.001

BMI body mass index, WC waist circumference, SBP Systolic Blood pressure, DBP diastolic blood pressure,
FPG fasting plasma glucose, TC total cholesterol, HDL-C high-density lipoprotein, LDL-C low-density
lipoprotein cholesterol, TG triglycerides, SUA serum uric acid, SCr serum creatinine, ALT alanine
aminotransferase, AST aspartate aminotransferase, CHD coronary heart disease, LVH left ventricle
hypertrophy, IVST interventricular septal thickness, LVEDD left ventricular end-diastolic diameter, LVM
left ventricular mass, PWT posterior wall thickness, RWT relative wall thickness, UCG ultrasonic cardiogram

BMI. The differences were considered significant if a two-
tailed P value is less than 0.05.

Results
Clinical characteristics of the study population

Table 1 shows the clinical and demographic characteristics
of the study population by WWI categories: as compared
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with the lowest WWI category (<10.68 cm/\kg), the
highest WWI category (211.25 cm/\kg) had higher age,
female proportion, BMI, WC, SBP, DBP, FPG, ALT, TC,
TG, LDL-C, SCr, SUA, but lower HDL-C. In terms of
echocardiographic parameters, from Q1-Q4, IVST, RWT,
and LVMI parameters increased significantly with
increasing WWI (all P <0.001). The prevalence of LVH
was higher in patients in the highest quartile of WWI
compared with patients in the lowest quartile of WWI. The
prevalence of LVH was 34.1%, 38.4%, 42.2%, and 51.5%,
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Table 2 Logistic regression
analysis for the association

between LVH and weight-
adjusted waist index

WWI (cm/\/kg) Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Ql (<10.16) 1 1 1
Q2 (10.16-10.67) 1.21 (1.02-1.43) 0.028 1.22 (1.03-1.46) 0.026  1.33 (1.08-1.63)  0.008
Q3 (10.68-11.19) 1.41 (1.20-1.67) <0.001  1.34 (1.12-1.59)  0.001  1.50 (1.19-1.89)  0.001

Q4 (>11.20)

P for trend <0.001

2.05 (1.74-2.42)  <0.001

1.83 (1.53-2.19) <0.001
<0.001

2.28 (1.74-2.99) <0.001
<0.001

OR odds ratio, CI confidence interval, LVH left ventricular hypertrophy, WWI weight-adjusted waist index

Model 1: Unadjusted
Model 2: Adjusted for sex, age

Model 3: Adjusted for age, sex, pulse, BMI, WC, SBP, DBP, FPG, ALT, AST, TC, HDL-C, LDL-C, TG,
SUA, SCr, smoking, alcohol drinking, CHD, diabetes, stroke

respectively. As this study was conducted in a remote area
of China in 2004, the local rural medical level was rela-
tively backward at that time, and the awareness rate of
hypertension, drug utilization rate, and control rate were
low. Participants take a wide variety of antihypertensive
drugs, most of which are proprietary Chinese medicines,
and the proportion is low, less than 20%. The use of
statins and antidiabetic drugs was also low, at less than
5.0% and 4.8%, respectively.

Association between WWI and LVH

Table 2 shows the association between WWI and the risk of
LVH. As shown in Table 2, WWI was associated with an
increased risk of LVH in univariate analysis (Model 1).
After adjustment for age and sex (Model 2) and further
adjustment for pulse rate, BMI, WC, SBP, DBP, FPG, ALT,
AST, TC, TG, LDL-C, HDL-C, SCr, SUA, and smoking,
drinking, coronary heart disease, diabetes, stroke history
(model 3), WWI and LVH remained independently asso-
ciated. Compared with the lowest WWI category
Q1(<10.16 cmAkg), a WWI of Q2(10.16-10.67)cm/ kg,
Q3(10.68-11.19) cm/ykg increased the probability of LVH
(OR 1.33, 95% CI 1.08-1.63) and 1.50 (1.19-1.89), as did
the highest WWI category (>11.20 cm/vkg) (OR 2.28, 95%
CI 1.74-2.99). We further check the multicollinearity for
WC and WWIL. The results showed that there were free from
excessive collinearity. In addition, we found that the pre-
valence of LVH increased with WWI quartiles in all models
(P for trend < 0.001).

Subgroup analyses for association between WWI
and LVH

The association between the highest WWI category
(211.20 cm/\kg) and the risk of LVH was evaluated by the
subgroups sex, age, and BMI, with the lowest WWI cate-
gory (<10.16 cm/\kg) as the reference. After controlling for

all covariates except for the stratified variable, the rela-
tionship between WWI and LVH remained in nearly every
subgroup analysis, but was not significant at male (Fig. 2).
In addition, we conducted an interaction analysis of the
WWI quartile with each stratified factor and found no
interaction between them.

Discussion

We conducted a cross-sectional study to analyze the asso-
ciation between WWI and LVH risk in hypertensive
patients. The major finding is that the prevalence of LVH
increased with WWI quartiles and that there was a sig-
nificant correlation between WWI and LVH. This associa-
tion was independent of sex, age, lifestyle, BMI, WC, and
various cardiovascular and cerebrovascular risk factors. The
stratified analysis also explored whether the relationship
between WWI and LVH was influenced by gender. In fact,
the relationship between WWI and LVH was more sig-
nificant in female than in male. The underlying mechanism
is currently unknown, but one possible explanation could be
the effect of sex hormones, or it could be caused by dif-
ferences in fat distribution between men and women. In
addition, the proportion of males and females involved in
the study is not balanced, with men far less than women,
resulting in the limited statistical power of men in this
study. The ASIAN-HF registry also showed gender differ-
ences. The study demonstrated that females with heart
failure are more likely to have concentric left ventricular
geometry than males [17]. A previous study showed found
that lower estradiol levels and higher testosterone/estradiol
ratios were associated with an increased risk of heart failure,
which is more common in older women [18]. Decreased
estradiol during menopause may affect vascular and cardiac
remodeling processes, resulting in different heart failure
phenotypes [19]. Our results provide new insights into the
pathophysiology of LVH in men and women and provide

SPRINGER NATURE
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Stratified Variables ~ WWI (cm/vkg) OR (95% CI) P for interaction OR (95% CI)
Sex Men 0.581 .
'

Q2(10.16-10.67) 1.21(0.86-1.69) !
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Q4 (=11.20) 1.43(0.87-2.35) —=
Women _.-_
Q2(10.16-10.67) 1.34(1.02-1.76) _._i
Q3(10.68-11.19) 1.67(1.26-2.23) 1
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Age Age< 60 years E
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Q4 (=11.20) 1.71(1.12-2.60) '.

BMI BMI < 24 0.770 :
Q2(10.16-10.67) 1.05(0.73-1.53) & E
Q3(10.68-11.19) 0.94(0.60-1.48) —@— E
Q4 (=11.20) 1.82(1.11-2.98) —r.—i
BMI =24 !
Q2(10.16-10.67) 1.18(0.92-1.51) & E
Q3(10.68-11.19) 1.31(1.01-1.71) —.‘i
Q4 (=11.20) 1.81(1.33-2.47) —0—

| L [ | I |
0 1 2 3 4 5 6

Fig. 2 Subgroup analyses for the association between the risk of LVH and WWI categories

new impetus for further research. Finally, we stratified study
subjects by age and BMI, and the associations persisted.

LVH refers to cardiac enlargement characterized by
cardiomyocyte hypertrophy and fibrous connective tissue
hyperplasia. LVH is one of the most common heart dama-
ges associated with high blood pressure and can increase the
risk of heart failure [3, 4]. However, so far, the pathogenesis
of LVH is not fully understood, which may be related to
age, sex, weight, race, genetic susceptibility, metabolic
status (such as insulin resistance), hypertension, etc. It has
been proposed that there is an inverse relationship between
insulin sensitivity and LV wall thickness in subjects with
essential hypertension [20, 21]. Leptin also increases the
activity of extracellular matrix metalloproteinases, can
induce interstitial fibrosis, and is involved in the inflam-
matory response during the development of LVH [22].
Disruption of the leptin signaling pathway within the heart
causes LVH [23].

Obesity is a major public health problem worldwide [24].
The prevalence of obesity has increased dramatically
worldwide over the last decades and nearly a third of the
world’s population now classified as overweight or obese
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[25]. Obesity can increase the risk of diabetes, several
cancers, and cardiovascular disease, and has also been
found to be an independent risk factor for congestive heart
failure [26-28]. Previous studies have shown that obesity is
a risk factor for LVH and an early marker of myocardial
damage in obese people [29-32]. In recent years, several
studies have found that there is a positive correlation
between obesity and left ventricular mass. According to the
calculation method of left ventricular mass index, the inci-
dence of LVH in obese patients ranged from 9.5% to 48.4%
[33]. Obese patients are often accompanied by increased
blood volume, decreased peripheral vascular resistance, and
increased heart rate, which together lead to increased stroke
volume, ultimately manifested as increased cardiac output
and volume load. The increase in volume and pressure load
will further increase the cardiomyocyte volume, change the
cardiomyocyte volume, change the collagen matrix com-
position, and ultimately lead to LVH [34]. The mechanism
of obesity-related LVH has not been fully elucidated, and it
is believed that it is mainly caused by hemodynamic factors
and neurohumoral factors [34, 35]. Different adipose tissues
have different effects on the diseases. Visceral adipocytes
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have high lipolysis activity and anti-lipolysis effect of
insulin, and can secrete inflammatory factors that act on
blood vessels. With the increase of visceral fat, tumor
necrosis factor-a, interleukin-6, C-reactive protein and other
cytokines increased significantly, which can promote insu-
lin secretion and induce pancreatic p-cell apoptosis. These
factors may be involved in the process of LV remodeling
hypertrophy, suggesting that visceral fat accumulation is
associated with LVH.

WWI is a novel weight and waist-based obesity index
with good predictive power for heart disease incidence and
mortality in the Korean population [12]. Li et al. recently
reported that WWI was significantly associated with an
increased risk of hypertension in a rural Chinese cohort
study [36]. A recent study showed that WWI is positively
associated with fat mass and negatively associated with
muscle mass in older adults [11]. A recent prospective study
of our own showed that WWI was associated with all-cause
mortality in elderly Chinese [37]. The current study verified
the association between this index and LVH in Chinese
adults with hypertension. The index is simple to operate,
economical, and practical. It can be applied at all levels of
medical and healthcare facilities, especially in areas that
lack medical standards or require large-scale data research.
Therefore, for people with high WWI, early assessment of
target organ damage and initiation of treatment can reduce
the risk of cardiovascular and cerebrovascular diseases and
improve the prognosis.

Although our study recruited a large number of hyper-
tensive patients and effectively reduced selection bias, it still
had some limitations. Prospective follow-up and interven-
tion studies were not performed in the cross-sectional study.
High WWI is independently correlated with LVH, suggest-
ing that obesity may lead to the occurrence and development
of LVH. However, the causal relationship between WWI
and LVH cannot be conclusively concluded. The proportion
of male subjects in this study was relatively low (33.8%).
Therefore, the effect of gender on the association between
WWI and LVH needs to be further elucidated by expanding
the proportion of male subjects.

Conclusion

In this study, WWI was independently associated with
LVH, especially in females, suggesting that WWI can be
used to identify patients at high risk for LVH in hyperten-
sive populations.

Data availability
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are available from the corresponding authors upon request.
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