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Abstract

This study aims to investigate the association between waist circumference and the
development of hypertension based on a nationwide cohort Chinese population. A
total of 5330 individuals free of hypertension at baseline were collected from the China
Health and Retirement Longitudinal Study. The association between waist circumfer-
ence and the development of hypertension was analyzed by an adjusted cox regression
model and visualized by restricted cubic splines. Further, we applied the supervised
machine learning methods to evaluate the importance of multiple variates for new-
onset hypertension. Additionally, the robustness of the association was assessed by
a subgroup analysis. A total of 1490 individuals (28.0%) developed hypertension dur-
ing a mean follow-up of 3.32 years. The new-onset hypertension was more observed
in those with increased waist circumference (P for trend < .001). In the fully adjusted
Cox regression, each 10 cm increase of waist circumference would result in an 18%
elevated risk of hypertension. The random forest method and the Extreme Gradient
Boosting method revealed waist circumference as an important feature to predict
the development of hypertension. The sensitivity analysis indicated a consistent trend
between waist circumference and new-onset hypertension in all BMI categories. This
study suggested high waist circumference as an independent risk factor for new-onset
hypertension based on a nationwide cohort of Chinese adults aged >45 years old. Our

results supported that waist circumference should be routinely measured.
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1 | INTRODUCTION

Due to population aging and unfavorable health behaviors,! hyperten-
sion has become a significant health problem with increasing trend,
which contributes to about 50% morbidity and 20% mortality related
to cardiovascular diseases in China.2"> Among the many risk fac-
tors, obesity is a chronic metabolic disorder closely associated with
hypertension. Despite the increase in obesity prevalence, mortality
caused by coronary artery disease and stroke has declined over the last
decade, probably owing to the improved public health management on
other cardiovascular risk factors.® However, the prevalence of hyper-
tension shows a consistently increasing trend.”

Body mass index (BMI) remains the most widely used measure to
monitor obesity and assess the related cardiovascular risk. However,
the BMI-defined obesity is a heterogeneous condition at the individ-
ual level since BMI fails to capture the regional body fat distribution.®
Individuals with mildly higher BMI are associated with better survival
and fewer cardiovascular events, which was termed as the “obesity
paradox.” Compared with BMI, waist circumference is another anthro-
pometric measure strongly associated with the absolute abdominal
fat distribution.? A recent consensus statement highlighted that waist
circumference could provide incremental information to the clinician
beyond BMI. Also, the influence of waist circumference on cardiovas-
cular risk could be fully revealed only when BMI was adjusted for.10-12

More in-depth insight on the association between waist circum-
ference and hypertension is the key to better managing abdominal
obesity-related cardiometabolic risk, which provides additional oppor-
tunities for the primary prevention of cardiovascular diseases.’®> Our
recent publications have revealed the significant association between

14,15 consis-

waist circumference and the prevalence of hypertension,
tent with the evidence from other research groups.'®” However, most
of the previous studies were cross-sectional based on Western popula-
tions.

Therefore, this study aims to investigate the association between
waist circumference and the development of hypertension based on a

nationwide cohort Chinese population.

2 | METHODS

2.1 | Data source and study population

The China Health and Retirement Longitudinal Study (CHARLS) is an
ongoing survey that enrolls a nationally representative sample of the
Chinese population aged 45 or older from 150 counties/districts and
450 villages/resident committees. CHARLS study collected informa-
tion on social demographics, health status and functioning, anthro-
pometric measurement, and blood tests. A detailed study design of
CHARLS has been previously documented.'® The baseline national
wave (first wave) was conducted in 2011, and the enrolled individuals
were followed up every 2 years. This study analyzed the baseline wave
(in 2011) and two follow-ups (second wave in 2013 and third wave in
2015) of CHARLS.

Figure 1 shows the flow chart of the selection of eligible participants.
We included the individuals with at least a follow-up record in this
study. The exclusion criteria were as follows (1) participants without
blood pressure measure; (2) diagnosed with cancer or malignant tumor;
(3) missing BMI or waist circumference records; (4) diagnosed with
hypertension in the baseline wave. Finally, a total of 5330 participants
without baseline hypertension were enrolled in this study. The Ethics
Review Committee of Peking University approved the CHARLS study
(IRBO0001052-11015), and written informed consent was obtained

from all participants before involvement.

2.2 | Waist circumference measurement

After the participant was kept in a standing position, a trained exam-
iner would locate the belly button and then place a soft measuring
tape around the waist at the navel level. Next, the participant would be
asked to take a normal breath and hold a breath at the end of exhaling.
Then, waist circumference was measured after the participant exhaled
one normal breath. A detailed description of waist circumference mea-
surement was provided in the CHARLS Biomarker Questionnaire Pro-
tocol (http://charls.pku.edu.cn/pages/data/2011-charls-wavel/zh-cn.
html).

2.3 | Hypertension definition

After resting about 30 min in a seated position, the lower edge of the
cuff was placed about .5 inches above the elbow. Systolic and dias-
tolic blood pressure was measured three times by one trained exam-
iner using an automatic blood pressure monitor (Omron HEM-7200
Monitor). The average blood pressure was calculated accordingly. In
this study, the individual satisfying one of the following three crite-
ria was identified as hypertension: (1) average systolic blood pres-
sure >140 mmHg or diastolic blood pressure >90 mmHg?; (2) self-
reported hypertension; (3) current administration of antihypertensive

medications. 142021

2.4 | Covariates

Demographic information, metabolic biomarkers, medical history, and
health behavioral factors were included as covariates to control the
related bias. Demographic information (age and gender), medical his-
tory (self-reported diabetes, heart disease, and stroke), and health
behaviors (smoking status and alcohol consumption) were obtained
from face-to-face household interviews using structured question-
naires. After household interviews, 8 ml fasting venous blood was col-
lected by trained staff. The blood samples were transported to the Chi-
nese Center for Disease Control and Prevention laboratory in Beijing
and stored at -80°C.18 Metabolic biomarkers were acquired following
a standard protocol, including triglycerides, low-density lipoprotein,

total cholesterol, creatinine, fasting plasma glucose, and hemoglobin
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the baseline national wave (n = 17,708)

Participants from China Health and Retirement Longitudinal Study,

Participants with follow-up visit (n = 10,882)

Excluded

* Individuals without blood pressure measure (n = 1,712)
 Diagnosed with cancer or malignant tumor (n = 86)

* Without waist circumference or BMI record (n = 290)

* Patients with hypertension in the baseline wave (n = 3,464)

Enrolled individuals for further analysis in this study (n = 5,330)

FIGURE 1 Flow chart of selection of eligible participants from the China Health and Retirement Longitudinal Study. BMI: body mass index

Alc (HbA1c). The estimated glomerular filtration rate (eGFR) was

acquired using the Chronic Kidney Disease-Epidemiology Collabora-
Weight (kg)

Height2 (m2) "

Additionally, diabetes was defined as (1) fasting plasma glucose

>126 mg/dl; (2) HbAlc >6.5%; or (3) self-reported diabetes in this

study. Heart disease was acquired by the following question “Have you

tion equation.?2 BMI was calculated as

been diagnosed with heart attack, coronary heart disease, angina, con-
gestive heart failure, or other heart problems by a doctor? (Yes/No).”
Stroke was acquired by the following question “Have you been diag-
nosed with Stroke by a doctor? (Yes/No).” Detailed protocols for ques-
tionnaires and laboratory examination were provided on the CHARLS
website.

2.5 | Statistical analysis

We performed statistical analyses according to the recommendation
of the American Heart Association Scientific Publication Committee.23
The missing covariates were filled by multivariate multiple imputation
method to reduce selection bias and enhance statistical power.242>
We reported normally distributed variables (decided by Kolmogorov-
Smirnov test) as mean + standard deviation, and the skewed dis-
tributed ones were represented as median with interquartile range.
Categorical variables were provided as frequencies with percentages.
The baseline characteristics were compared among waist circumfer-
ence quartiles by one way ANOVA test (normal distribution), Kruskal-
Wall is test (skewed distribution), or chi-square test (categorical vari-
ables). Also, the generalized additive model and Spearman correlation
analysis were used to evaluate the association between waist circum-

ference and the baseline systolic/diastolic blood pressure.

We used Cox regression analysis to evaluate the association
between waist circumference and the development of hypertension,
and the hazard ratio (HRs) with 95% confidence intervals (Cls) were
calculated. In the minimally adjusted model, we adjusted for age, gen-
der, low-density lipoprotein, diabetes, heart disease, stroke, the admin-
istration of antidiabetic medications, smoking status, and alcohol con-
sumption. BMI was additionally adjusted for in the fully adjusted model.
Moreover, we illustrated the influence of waist circumference on new-
onset hypertension via a restricted cubic spline (RCS) with four knots
located at the 5th, 35th, 65th, and 95th percentiles. RCS were per-
formed in males and females, respectively, and the median waist cir-
cumference (82.0 cm for males and 83 cm for females) was set as the
reference.?¢

Machining learning methods could mathematically and accurately
fit data without linear assumptions. In this study, we applied the ran-
dom forest machine learning method to evaluate the variate impor-
tance for the future development of hypertension, including waist cir-
cumference, BMI, age, gender, total cholesterol, LDL, triglycerides,
eGFR, fasting plasma glucose, HbA1c, CRP, diabetes, heart diseases,
stroke, dyslipidemia, smoking status, alcohol consumption. The ran-
dom forest method quantifies the variable importance contributing to
new-onset hypertension by mean decrease accuracy, a higher value
of which indicates a significant weight. Besides, the eXtreme Gradi-
ent Boosting (XGBoost) was also used to assess the variate impor-
tance. XGBoost is a novel ensemble learning algorithm based on the
boosted decision tree, which generally showed superior performance
than other machine learning methods. Higher variable importance indi-
cates a more contributing role in the development of hypertension.

Moreover, we performed a sensitivity analysis of cox regression

in different subgroups, including BMI categories (<24 kg/m?2, 24-
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28 kg/m?, and >28 kg/m?), gender (male or female), age (<60 or
>60 years), and eGFR (below median, or equal or above median).
P < .05 was considered statistically significant. Additionally, we also
analyzed the association using the cut-off value of 130/80 mmHg for
hypertension.?’ All statistical analyses were performed using R soft-
ware (version 4.1.1).

3 | RESULTS

3.1 | Characteristics of the study population

Table 1 summarizes the characteristics of all participants according
to waist circumference quartiles. The study cohort consisted of 5330
individuals with a mean age of 57.4 years old, and 47.3% of them
were males. The age-adjusted mean waist circumference was 83.0 cm
in males and 83.4 cm in females. In the baseline wave, although all
5330 participants were without hypertension, the systolic and dias-
tolic blood pressure elevated with the increasing waist circumfer-
ence (Figure 2A,B). Consistently, spearman’s rank revealed the posi-
tive correlation of waist circumference with systolic (correlation coef-
ficient = .17, P < .001) and diastolic blood pressure (correlation coef-
ficient = .19, P < .001). Compared with the low waist circumfer-
ence group, individuals with high waist circumference had increased
triglycerides, LDL, fasting plasma glucose, and more were diagnosed
with diabetes or heart disease. However, no significant difference was
observed in creatinine levels, eGFR levels, alcohol consumption, and
the prevalence of stroke. Moreover, we provided patients’ characteris-
tics in the baseline, second and third wave (Supplement Table S1). Addi-
tionally, we also presented the blood pressure, waist circumference,
and the percentage of hypertensives patients for each quartile (Q1-Q4)
in Supplement Table S2.

3.2 | Association of waist circumference with
hypertension

A total of 1490 individuals (28.0%) developed hypertension during
a mean follow-up of 3.32 years. The new-onset hypertension was
more frequently observed in those with increased waist circumfer-
ence (P for trend < .001). Table 2 summarizes the association between
waist circumference and new-onset hypertension. When analyzed as
a continuous variable, waist circumference significantly contributed
to the development of hypertension in all three models with HRs of
1.27 (1.20-1.33), 1.27 (1.21-1.34), and 1.18 (1.09-1.28), respectively.
Consistently, when we analyzed waist circumference as categories,
the risk of new-onset hypertension increased with the elevated cate-
gories from Q1 to Q4. In the fully adjusted model, individuals in the
fourth waist circumference quartile (Q4) exhibited a 1.35-fold risk of
future hypertension when setting the lowest quartile (Q1) as refer-
ence. Restricted cubic spline regression analysis revealed a linear rela-

tionship between waist circumference and the risk of incident hyper-

tension in both males (P for non-linear = .65) and females (P for non-
linear =.12) (Figure 2C,D).

Figure 2E illustrates the variable importance related to the incident
hypertension, quantified by the random forest method. Among the
many variables, waist circumference showed a mean decrease accu-
racy of 21.3, which indicated that waist circumference is the most
important factor for hypertension development, only second to age
(mean decrease accuracy = 22.5). Also, the variable importance eval-
uated by XGBoost was summarized in Figure 2F. Consistent with
random forest, XGBoost showed that waist circumference played an

important role in predicting the development of hypertension.

3.3 | Sensitivity analysis

Figure 3 shows a consistent trend between waist circumference and
new-onset hypertension in different subgroups, including BMI cate-
gories, gender (male or female), age (<60 or >60 years), and eGFR
(below the median, or equal or above median). Importantly, although
a consistent trend remained, no statistically significant association was
observed between waist circumference and new-onset hypertensionin
the subgroup of BMI > 28 kg/m? (HR, 1.17; 95% C1,.96-1.44; P = .128).
When the cut-off value was set as 130/80 mmHg, the adjusted OR
(95% Cl) for waist circumference was 1.18 (1.08-1.28), similar to the
cut-off value of 140/90 mmHg (Supplement Table S3).

4 | DISCUSSION

BMlis a convenient anthropometric index to monitor obesity at a popu-
lation level, which shows a dose-dependent relationship between mul-
tiple adverse events. However, obesity is a heterogeneous metabolic
condition, where the excess visceral or ectopic fat distribution con-
tributes to a higher metabolic and cardiovascular risk. A J- or U-shaped
curve was observed between waist circumference and mortality.2827
In a meta-analysis on 250,152 patients with coronary artery disease,
patients with mildly elevated BMI (25-29.9 kg/m2) showed the lowest
risk for all-cause mortality (relative risk, .87; 95% Cl, .81-.94) and car-
diovascular mortality (relative risk, .88; 95% Cl, .75-1.02) than other
BMI categories.3? Similar results were also reported in the following
analysis on general populations.31-33

Interestingly, when BMI and waist circumference were analyzed in
the same regression model, waist circumference was a risk factor for
cardiovascular diseases. In contrast, BMI was instead identified as a
protective or neural factor.10:34-3% Therefore, concerns were raised
regarding the application of BMI in obesity classification since it shows
poor power to evaluate the distribution of fat deposits and distinguish
lean mass from body fat.3?? It is proposed that the limitations of BMI
in evaluating fat distribution might be a possible explanation for the
obesity paradox.*!

Accumulating studies have revealed the superiority of waist cir-
cumference in assessing the risk profiles related to abdominal fat

42-44

distribution, which contributes to the introduction of waist



SUNET AL.

2TV uigojSoway DT yaqH
DTVAH ‘9s0on|3 ewse|d Sulisey ‘Dd4 93ed uoljedyjly Jejniawo|3 pajewiss Y499 utejoidodl] Ajsuap-mo| <17 24nssaad poo|q d1joiselp ‘dgq 24nssaJd poojq 21103sAS ‘dgS xapul ssew Apoq ‘||Alg :SuollelnaIqqy

WILEY

324

yx4% (%19'T)TC (%18) 1T (%28)TT (%06°) CT (% ‘soh) 20115
820 (%t0°0T) TET (%28'£) 90T (%T1£)S6 (%05°£) 00T (% ‘soh) aseasip 11eaH
100> (%8%'ST) 20T (%0S'TT) 9ST (%86'8) 0CT (%S0°L) 6 (% ‘soA) sa1aqe1g
(%85°89) 568 (%0099) 568 (%29°€9) 058 (%66°99) €68 JaAaN
(%¢8°2) 20T (%58'8) 0ZT (%€2'8)0TT (%00°6) 0CT Yjuow e 92U0 uey} ssa
(%09°€2) 80€ (%ST'S2) TVe (%¥1°82) 9LE (%T0+C) 0Ze Y3uouw e 35U0 Uey} U0\
660° (%) 8upjuL@
100> (%S6°€E) eV (%56'9€) TOS (%99'C¥) 0LS (%T67Ch) 2LS (% ‘soA) Bupjows
100> (05°S‘06%) 0TS (0t'S ‘88%) OT'S (05 ‘08%) OT'S (0es‘08%)0T'S (%) 2TVaH
100> (99711 ‘0¥'S6) ZEE0T (#€0TT ‘T¥'€6) 86°00T (9€°80T ‘88'26) 92°00T (82°L01 ‘¥'16) 8286 (Ip/8w) 9d4
0es (LO'€0T ‘21'98) 6196 (£6°€0T 69'98) #7796 (6¥7°€0T ‘09'98) 1796 (SZ°€0T ‘€5°98) 66°'56 (W e T/uw/|w) Y493
008 (L8 'V9)SL (£8'€9") SL (L8 'Y9)SL (88" ¥97) SL (Ip/8w) dutuneatd
100> (99°6/1 ‘80%8) L76TT (9T¥¥T ‘LS'CL) 2T 20T (7227 ‘8€'99) LT06 (¢8'9TT ¥8'C9) ¢V’ 18 (Ip/8w) SOPLISdAISLIL
100> (VT LETOT'S6) LEITT (TT'8ET'95°€6) T8 YTT (2T°62T ‘¥1°88) £9'80T (06°621 ‘T9°T6)8TOTT (Ip/3w)1an
T00™> (006L°L9°L9)EEEL (£99L°L9V9) €€0L (£9°SL‘€E€9) L9°69 (€€°620029) £€°89 (BHww) dga
100> (L9621 €EPTT)ECTCT (00°£ZT‘€€0TT)EEBTT (¢¥'9C1°L9'80T) L9LTT (£9°STT'€€£0T) 009TT (BHWwW) dgas
000’ (60'8¢C ‘L1'¥C) 8T'9C (T8¥C 21CT) T'eET (82T ‘T€02)19°TC (06°0T ‘2'81) 9961 (zw/83) INg
000 (0086 ‘0£'T6) 0076 (05°£8‘00'78) 0098 (00T8°00°82) 0E'6L (00°S£00°0£) 00°€L (W) 3oUBIRJWNID ISIEAN
100> (%6£°S€) L9V (%6€'82) S8E (%€972) 62€ (%81°€2) 60€ (% ‘u) uoisuaIadAy }osuC-MaN
200 (%6£°55) 8¢L (%S9¥S) TvL (%S6°8%) ¥59 (%¥S5°1G) £89 (% ‘o|eway) Jopus
800 (00°€9 ‘00°05) 0095 (0029 ‘00°6%) 00°LS (00°€9 ‘00°05) 00°£S (009 ‘00°05) 00°£S (1edA) 98y
GOET 95€T 9¢eT eeeT N
d [8zT ‘T68) YO [z68°v'28) €D [rz8‘Tc9L) O [2'9,°8°09]TO
S|enpIAIpuUl pa]|0Jus JO Soljsiua)deleydauleseg T 319V.L



SUNET AL. 325
WILEY e
(A) (B)
S 130 =)
= % 80
€ IS
£ E
Q 125 o
2 2 75
o 4
S a
8 120 3
o) ke]
2 s 70
° 2
e [}
g 115 z
> Ko
2 Spearman correlation =0.17, P < 0.001 o 65 Spearman correlation = 0.19, P < 0.001
60 80 100 120 60 80 100 120
Waist circumference (cm) Waist circumference (cm)
(©) (D)
25
25 Male Female
2.0 2.0

N
o

Adjusted hazard ratio
(95% confidence intervals)
)]

Adjusted hazard ratio
(95% confidence intervals)

05 P for non-linear = 0.65 05 P for non-linear = 0.12
75 80 85 90 95 100 75 80 85 90 95 100
Waist circumference (cm) Waist circumference (cm)
E
® (F)
Variable Variable
Age - Age | |
Waist | i
circumference ° FPG ‘
. Waist | |
Total cholesterol § o) circumference
Uric acid |
BMI- 0) oo ‘
LDL ) BMI |
Triglycerides o ) Triglycerides | |
eGFR -| |
Diabetes
fabetes @ Total cholesterol ‘
FPGA 0) CRP A |
Stroke | e Height - |
HbA1c |
Smoke (0] Weight ‘
HbA1c (0) Creatinine
eGFRA 0] None alcohol consumption
Diabetes «:I
Gender 4 (0] Alcohol consumption <:|
less than once a month
Heart disease 0} Female { ]
Dyslipidemia - 0} Stroke ':|
Dyslipidemia -]
CRP
. Smoking status «]
Alcohol | .
consumption @ Heart disease
2 0 10 15 20 25 0 0.025 0.050 0.075
Mean Decrease Accuracy Importance

FIGURE 2 The association between waist circumference and hypertension. The fitted curve on the relationship of waist circumference with
(A) systolic blood pressure and (B) diastolic blood pressure by generalized additive model. The adjusted cubic spline model on the association
between waist circumference and the risk of new-onset hypertension in (C) males and (D) females based on Cox regression, respectively. BMI, age,
diabetes, the administration of antidiabetic medications, smoking status, and alcohol consumption were adjusted for in the model. Median waist
circumference (82.0 cm for males and 83 cm for females) was set as the reference. The variable importance is evaluated by (E) random forest and
(F) eXtreme Gradient Boosting machine learning method. Higher variable importance indicates a more important role of the variable in developing
hypertension. BMI, body mass index; LDL, low-density lipoprotein; FPG, fasting plasma glucose; HbA1c, hemoglobin Alc; eGFR, estimated
glomerular filtration rate; CPR, c-reactive protein
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TABLE 2 The association between waist circumference and risk of new-onset hypertension
Crude model Minimally adjusted model Fully adjusted model
Hazard ratio P Hazard ratio P Odds ratio P
Waist circumference (Per 10 cm) 1.27[1.20,1.33] <.001 1.27[1.21,1.34] <.001 1.18[1.09, 1.28] <.001
Categories
Q1[60.8,76.2] Reference Reference Reference
Q2(76.2,82.4] 1.08[.92,1.26] .331 1.08[.93,1.27] .302 1.02[.87,1.19] .831
Q3(82.4,89.2] 1.27[1.09, 1.48] .002 1.31[1.12,1.52] .001 1.15[.98,1.36] 095
Q4(89.2,128] 1.67[1.44,1.93] <.001 1.70[1.47,1.97] <.001 1.35[1.12,1.63] .002

Note: Crude model: nonadjusted model.

Minimally adjusted model: We adjusted for age, gender, low-density lipoprotein, diabetes, heart disease, stroke, the administration of antidiabetic medica-

tions, smoking status, and alcohol consumption.

Fully adjusted model: We adjusted for body mass index, age, gender, low-density lipoprotein, diabetes, heart disease, stroke, the administration of antidiabetic

medications, smoking status, and alcohol consumption.

Variable HR (95% CI)
BMI (Kg/im?) i
<24 1.15[1.01, 1.30] i n
24-28 1.25[1.04, 1.51] i =
‘
>28 1.17 [0.96, 1.44] i n
Gender T
Male 1.20 [1.07, 1.35] i -
Female 1.17 [1.05, 1.30] % n
Age (years) i
<60 1.18 [1.05, 1.31] i -
> 60 1.20 [1.07, 1.34] i =
eGFR (mUmin7amy | """"""""""""""""""""""""""""""""
< median 1.22[1.10, 1.35] i =
>median  1.16[1.03, 1.31] i »
1I 1i2 1{4 1!6

FIGURE 3 Sensitivity analysis on the association between waist circumference and hypertension based on cox regression analysis. The
association was adjusted for BMI, age, gender (not in the gender subgroup), diabetes, smoking status, and alcohol consumption. HR, hazard ratio;

Cl, confidence interval; BMI, body mass index

circumference in public health. Our recent cross-sectional studies
demonstrated that high waist circumference could elevate the preva-
lence of hypertension based on nationally representative US samples
from the National Health and Nutrition Examination Survey.241 In the
US individuals, waist circumference was significantly associated with
(pre) hypertension with adjusted odds ratios (95% Cl) of 1.28 (1.18-
1.40) in the young group and 1.23 (1.15-1.33) in the old group. How-
ever, the inherent nature of cross-sectional design made it difficult
to determine the causality between high waist circumference and the
development of hypertension. Also, given the distinct genetic variation,

disease spectrum, lifestyles, and risk factors between ethnicities, it is

unclear whether the association could be fully applicable for the Chi-
nese population.! As an extension of previous work, this study included
5330 participants without baseline hypertension from a nationally rep-
resentative sample of the Chinese population aged >45 years old. Over
a mean follow-up of 3.32 years, a total of 1490 cases of incident hyper-
tension was observed. We revealed high waist circumference as an
independent risk factor for the development of hypertension (HR, 1.18;
95% Cl, 1.09-1.28).

The current guideline recommends measuring waist circumference
in overweight or obese individuals.*> Our study showed a consistent

trend between waist circumference and new-onset hypertension in all
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BMI categories (<24 kg/m?, 24-28 kg/m?, and >28 kg/m?). Interest-
ingly, despite the consistent trend, no statistically significant associa-
tion was observed in the subgroup of BMI > 28 kg/m?2. Together with
our previous results,’*1° this study supported measuring and manag-
ing waist circumference regardless of BMI, which could provide addi-
tional opportunities to prevent obesity-related cardiovascular events.

Despite the strength in a nationally representative sample, rigor-
ous study protocol, and standard statistical analysis, some limitations
should be mentioned for cautious interpretation. First, although mul-
tiple confounding factors were adjusted for, potential residual covari-
ates might remain (such as a family history of hypertension, insulin
resistance, urine albumin, thyroid diseases, physical activity, diet pat-
tern, pharmacological therapies, and so forth). Second, this study could
not differentiate primary and secondary hypertension. The potential
impact of waist circumference on different hypertension subtypes
should be further investigated. Third, the alterations of waist circum-
ference during follow-up were not analyzed, which might provide addi-
tional information for the development of hypertension. Fourth, this
study was based on Chinese people aged >45 years old. It is uncer-
tain whether the association could apply to young individuals. More-
over, a follow-up of 4 years might be insufficient to analyze the incident
hypertension, and a more prolonged follow-up wave should be consid-
ered in further research. Additionally, a weak correlation was observed
between waist circumference and office systolic/diastolic blood pres-
sure despite the statistical significance. The correlation evaluated by
Spearman’s rank might be insufficient since it provided a crude estima-
tion on the correlation without considering other covariates, such as
BMI, age, gender, and so forth. Further study should analyze the associ-
ation between waist circumference and ambulatory blood pressure via
an adjusted linear regression model.

5 | CONCLUSION

This study suggested high waist circumference as an independent risk
factor for new-onset hypertension based on a nationwide cohort of
Chinese adults aged >45 years old. Our results supported that waist

circumference should be routinely measured.
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