Open access Original research

Predictive value of relative fat mass
algorithm for incident hypertension: a
6-year prospective study in Chinese

BM)J Open

To cite: Yu P, Huang T, Hu S,

et al. Predictive value of relative
fat mass algorithm for incident
hypertension: a

6-year prospective study in
Chinese

population. BMJ Open
2020;10:6038420. doi:10.1136/
bmjopen-2020-038420

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2020-
038420).

Received 11 March 2020
Revised 06 August 2020
Accepted 19 August 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

Department of Internal Medicine,
Tongji Hospital of Tongji Medical
College of Huazhong University
of Science and Technology,
Wuhan, Hubei, China

Correspondence to
Dr Xuefeng Yu;
xfyu188@163.com

population

Peng Yu

ABSTRACT

Objectives Individuals with obesity especially excessive
visceral adiposity have high risk for incident hypertension.
Recently, a new algorithm named relative fat mass

(RFM) was introduced to define obesity. Our aim was to
investigate whether it can predict hypertension in Chinese
population and to compare its predictive power with
traditional indices including body mass index (BMI), waist
circumference (WC) and waist-to-height ratio (WHtR).
Design A 6-year prospective study.

Setting Nine provinces (Hei Long Jiang, Liao Ning, Jiang
Su, Shan Dong, He Nan, Hu Bei, Hu Nan, Guang Xi and Gui
Zhou) in China.

Participants Those without hypertension in 2009 survey
and respond in 2015 survey.

Intervention Logistic regression were performed to
investigate the association between RFM and incident
hypertension. Receiver operating characteristic (ROC)
analysis was performed to compare the predictive ability of
these indices and define their optimal cut-off values.
Main outcome measures Incident hypertension in 2015.
Results The prevalence of incident hypertension in 2015
based on RFM quartiles were 14.8%, 21.2%, 26.8%

and 35.2%, respectively (p for trend <0.001). In overall
population, the OR for the highest quartile compared with
the lowest quartile for RFM was 2.032 (1.567-2.634) in
the fully adjusted model. In ROC analysis, RFM and WHtR
had the highest area under the curve (AUC) value in both
sexes but did not show statistical significance when
compared with AUC value of BMI and WC in men and AUC
value of WC in women. The performance of the prediction
model based on RFM was comparable to that of BMI, WC
or WHR.

Conclusions RFM can be a powerful indictor for
predicting incident hypertension in Chinese population,
but it does not show superiority over BMI, WC and WHtR in
predictive power.

INTRODUCTION

During the last three decades, hyperten-
sion has been the leading cause for all-cause
deaths worldwide." An international survey
indicated that the incident rate of hyperten-
sion was 40.8% in their multinational study
population.” In China, 28.2% of adult popu-
lation had hypertension and another 41.3%
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Strengths and limitations of this study

» Our study was the first study to reveal whether the
newly invented RFM algorithm can independently
predict incident hypertension in Chinese population
and compare its predicting power with traditional
obesity-related indices.

» We used a nationally representative sample and
a prospective design to investigate the predictive
power of RFM for incident hypertension.

» Physical examinations and biomarker measure-
ments were only carried out atbaseline and the
follow-up recordings were lacking in this study.

» We can't validate and evaluate the performance of
the RFM algorithm in estimating body fat percentage
in our study population, which hinders the further
interpretation of our results.

were in a prehypertension state; however,
only 46.9% were aware of the diagnosis and
minority were effectively controlled in those
who were diagnosed.” Statistics present the
grim reality; there is no doubt that blood
pressure-related morbidity and mortality will
exert a huge burden. Thus, despite improve-
ment in hypertension diagnosis and treat-
ment, implementing effective measures to
identify people at risk and prevent the inci-
dent of hypertension is extremely important.

Obesity is a significant risk factor for hyper-
tension; various studies in different ethnic
groups have shown this association.* For
example, the Framingham heart indicated
that 34% of hypertension in men and 62%
of hypertension in women can be ascribed
to overweight and obesity.” However, weight
loss intervention can significantly lower
the blood pressure and serve as an effective
method for the primary prevention of hyper-
tension.® 7 Currently, when considering the
deleterious effect of obesity, excessive intra-
abdominal or visceral adipose tissue rather
than subcutaneous fat were regarded as the
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main cause for hypertension and other cardiometabolic
abnormalities.*" Thus, a proper assessment of exces-
sive adiposity (defined as the body fat percentage >225%
in men and 235% in women according to the Western
Pacific Regional Office and global WHO reference stan-
dards'?)) especially central adiposity can effectively iden-
tify those at high risk for hypertension.

Body fat mass can be quantified with MRI, CT and dual-
energy X-ray absorptiometry (DXA). However, due to the
high cost and limited availability, they are not ideal for
large-scale epidemiological screening. In this context,
anthropometric indices are widely used to assess body
fatness and identifying individuals at risk of cardiometa-
bolic diseases. Currently, there is no consensus about the
best anthropometric index in predicting hypertension.
Traditional indices such as body mass index (BMI), waist
circumference (WC) and waist-to-height ratio (WHtR)
have been applied to assessing the risk of incident hyper-
tension in Chinese population by several studies, and
most of them revealed WHtR showed better performance
when compared with BMI or WC.'* 1% Moreover, another
six adiposity measures including conicity index, lipid
accumulation product (LAP), visceral adipose index,
a body shape index and the body adiposity index were
also used to evaluate the hypertension risk; however, only
LAP showed superiority when compared with traditional
indices'”™’; despite this, the equations of these indexes
are relatively complex with numerous terms needed.
Recently, a simple new algorithm named relative fat mass
(RFM) had been introduced by Woolcott et al' to esti-
mate whole-body fat percentage among adult individ-
uals; they proved it was highly correlated with abdominal
obesity and can better predict whole-body fat percentage
than BMI, which was validated by DXA. Moreover, the
main component of RFM equation is height-to-waist ratio,
which is the converse form of WHtR. Thus, RFM shows
great potential in cardiometabolic or hypertension risk
assessment. In this study, we performed a 6-year prospec-
tive study by using data from the China Health and Nutri-
tion Survey, attempting to investigate whether RFM could
be a better anthropometric index for hypertension risk
prediction in Chinese population and contribute to the
prevention of hypertension.

METHOD

Study subjects

The China Health and Nutrition Survey (CHNS) is an
ongoing open cohort aiming at examining the health
and nutritional condition and its influencing factors of
the participants. To date, 10 rounds of survey (1989, 1991,
1993, 1997, 2000, 2004, 2006, 2009, 2011 and 2015) have
been conducted. It was colaunched by Carolina Popula-
tion Center at the University of North Carolina at Chapel
Hill and the National Institute for Nutrition and Health
at the Chinese Center for Disease Control and Preven-
tion. All participants signed an informed consent form

during the survey. The cohort profile provides detailed
information on this survey.

Appropriate sample size was calculated using the
Openkpi software program (http://www.openepi.com/
SampleSize/SSCohort.htm) before initiating the study.
Considering 5% level of significance for a two-sided test,
80% power, unexposed/exposed ratio of 1.3, percent
of unexposed with outcome=15and percent of exposed
with outcome=33 according to the results from the China
hypertension survey,9 the estimated sample size required
was at least 198 subjects.

In this study, we conducted a prospective study among
people aged more than 18 years by using the data form
the 2009 and 2015 CHNS survey. Subjects who partici-
pated in both the 2009 and 2015 survey were enrolled in
this study, those who did not have hypertension in 2009
were set as baseline sample and the presence of incident
hypertension in 2015 was defined as the outcome. First,
we excluded subjects aged less than 18 years or preg-
nancy and those who were hypertensive at baseline. Then,
those who had history of myocardial infarction or stroke,
chronic kidney disease (estimated glomerular filtra-
tion rate (eGFR)<60mL/min/1.73 mQ), serve hepatic
dysfunction (alanine aminotransfease (ALT) 21201U/L)
were excluded. Last, subjects who lack data about smoking,
drinking, outcome and anthropometric measurement
were excluded. Meanwhile, those who have missing data
on biomarkers (n=443) were also excluded. Finally, 3406
participants were included in our study (figure 1); thus,
the sample of this study was sufficient. Compared with
those who were included in the study, those who were
excluded owing to missing data were slightly younger,
and there was a slightly higher percentage of males; there
were no statistically significant differences between the
two groups in BMI, WC and biochemical parameters at
baseline and in the incidence of hypertension at the final
follow-up.

Data collection

Characteristics of the participants including general
personal characteristics, smoking status, alcohol consump-
tion and medical history were obtained by using face-to-
face interview. Current smoker was defined as positive
answers to the question ‘Have you ever smoke? Are you
still smoking?’. Alcohol consumer was defined as positive
answers to ‘In the past year, have you ever drunk beer,
liquor or wine? How often do you consume alcohol?’.
Each individual’s height and weight were measured by
the investigators according to the standard of protocol;
height was measured without shoes to the nearest 0.1 cm
using a portable stadiometer; body weight was measured
with subjects wearing light clothing without shoes to
the nearest 0.1kg on a calibrated digital scale; BMI was
calculated as weight in kilograms divided by the square
of height in metres. When measuring WC, the tape
was applied horizontally midway between the lower rib
margin and the iliac crest. WHtR was WC in centimetres
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Figure 1

divided by height in centimetres. RFM was calculated by
using the following formula®:

RFM (male) = 64 — (20 X (W))
RFM (female) = 76 — <20 x (hmghtm)»

wC (m

Blood pressure was determined in duplicate to improve
accuracy, and the average of the values was reported as the
final results. For blood collection, participants were asked
to fast for 6-8hours. Blood was collected in EDTA-3K
anticoagulant tube, then centrifuged at 3000 g for 15 min
to separate plasma from blood cells. Plasma samples were
stored in cryovial at =70°C condition, and whole blood
samples were stored at 2-8°C condition. Whole blood
was used for testing of glycated haemoglobin (HbAlc) by
chromatography. Plasma was tested for ALT, triglycerides
(TGs), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), uric acid, creatinine (Cr) and insulin by using
automated biochemistry analyser. ALT was tested by high-
performance liquid chromatography method. HDL-C and
LDL-C were determined by enzymatic method. TGs were
determined by CHOD-PAP method, and TC was deter-
mined by GPO-PAP method. Uric acid was determined by
enzymatic colorimetric method. Glucose was determined

The flow chart of sample selection from the China Health and Nutrition Survey.

by GOD-PAP method. Insulin was determined by radio-
immunology method. Estimated glomerular filtration
rate was calculated by using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.**

Definitions

Hypertension was defined as systolic blood pressure 2140 mm
Hg or diastolic blood pressure 290mm Hg, or subjects
who have been reported diagnosed or treated with antihy-
pertensive drugs. Diabetes was defined as previously diag-
nosed with diabetes or fasting blood glucose >7.0mmol/L
or HbAlc 26.5%. Hyperuricaemia means serum uric acid
420 pmol/L in men and > 360 pmol/L in women. Dyslipi-
daemia was defined as the presence of any of the following
lipid alterations: TG 21.70mmol/L or TC 25.18 mmol/L or
HDI-C <1.04mmol/L or LDL-C >3.37mmol/L.

Statistical analysis

Continuous variables with a non-normal distribution were
expressed as median (IQR), and categorical variables were
expressed as percentages. Differences between groups were
tested by Mann-Whitney U test for variables with skewed
distributions and x2-test for categorical variables. Logistic
regression analysis was conducted to examine the associ-
ation of RFM and incident hypertension. RFM was strati-
fied into four quartiles according to sex-specific cut-point,
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OR and its 95% CI and was estimated by four models: (A)
crude model; (B) adjusted for age and sex; (C) adjusted
for age, sex, smoking and alcohol drinking; (D) addition-
ally adjusted for uric acid, eGFR, ALT, TG, TC, HDL-C,
LDL-C and fasting plasma glucose (FPG). Receiver oper-
ating characteristic (ROC) curve analyses were conducted
to compare the predictive power of RFM with traditional
indices including BMI, WC and WHtR. In ROC analysis,
we defined the appropriate cut-off point of each anthropo-
metric index for the prediction of incident hypertension,
by using these indices as test variable and hypertension in
2015 as state variable; the optimal cut-off values were deter-
mined by the maximising the Youden index. ROC analysis
was also used to evaluate the performance of different
models in predicting incident hypertension. The areas
under the ROC curve of different indices were compared
using the method developed by DeLong et al®® Analyses
were performed using SPSS V.19.0 and MedCalc V.18.2.1.
Two-tailed p values of less than 0.05 were considered statis-
tically significant.

Patient and public involvement
There were no patients or public involved in study design,
outcome measurement and results interpretation.

RESULTS

Baseline characteristics of participants

There were 3406 eligible participants without hyperten-
sion at baseline. Baseline characteristics are shown in
table 1. After 6years of follow-up, 834 individuals devel-
oped hypertension. The incidence was 26.5% for men
and 22.8% for women. As expected, those who devel-
oped hypertension showed a more adverse profile on
cardiometabolic parameters—higher uric acid, ALT, FPG,
TG, TC and LDL-C level and lower eGFR level.

Baseline characteristics of the participants according
to RFM quartiles are shown in table 2. The prevalence of
cardiometabolic risk factors such as hyperuricaemia, dyslip-
idaemia and diabetes were increased in proportion to the
quartiles of RFM.

Table 1 Baseline characteristics of participates according to follow-up outcomes

Incident hypertention

No (n=2572) Yes (n=834) P value
Age 45.0 (37.0-54.0) 52.0 (44.0-59.0) <0.001
Men/women 1144/1428 413/421 0.012
Alcohol consumer (%) 32.9 38.8 0.002
Smoking (%) 0.303
Current smoker 28.7 30.6
Ex smoker 2.0 2.6
Non-smoker 69.3 66.8
Body weight (kg) 57.7 (52.0-65.2) 61.0 (54.3-68.9) <0.001
BMI (kg/m?) 22.37 (20.50-24.58) 23.80 (21.51-26.07) <0.001
WC (cm) 80.0 (73.0-86.7) 84.0 (77.9-90.0) <0.001
WHtR 0.50 (0.46-0.54) 0.52 (0.48-0.56) <0.001
RFM 30.18 (23.75-36.70) 30.83 (24.69-38.62) <0.001
SBP (mm Hg) 116.0 (108.0-121.3) 120.7 (114.9-128.7) <0.001
DBP (mm Hg) 76.7 (70.0-80.0) 80.0 (75.3-82.0) <0.001
eGFR (mL/min/1.73m? 83.2 (74.7-93.2) 80.4 (72.1-89.7) <0.001
Cr (umol/L) 82.0 (74.0-93.0) 83.0 (75.0-93.0) 0.394
Uric acid (umol/L) 276.0 (225.0-338.8) 290.0 (234.0-353.0) 0.001
ALT (U/L) 18.0 (13.0-25.0) 19.0 (14.0-28.0) <0.001
FPG (mmol/L) 5.00 (4.63-5.45) 5.15 (4.76-5.64) <0.001
TG (mmol/L) 1.13 (0.78-1.73) 1.31 (0.90-1.92) <0.001
TC (mmol/L) 4.63 (4.05-5.27) 4.87 (4.23-5.51) <0.001
HDL-C (mmol/L) 1.40 (1.18-1.64) 1.40 (1.16-1.64) 0.804
LDL-C (mmol/L) 2.78 (2.26-3.38) 2.98 (2.42-3.57) <0.001

Categorical variables were presented as a number (percentage), continuous variables with a skewed distribution were presented as median
(IQR). P values are for Mann-Whitney U test for or 2 test.
ALT, alamine aminotransferase; BMI, body mass index; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration

rate; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RFM, relative fat

mass; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHtR, waist-to-height ratio.
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Table 2 Baseline characteristics of participates according to RFM

Quartile 1 Quartile 2 Quartile 3 Quartile 4

n=853 n=851 n=853 n=849 P value
Age 41.0 (32.0-50.0) 45.0 (38.0-54.0) 49.0 (41.0-57.0) 51.0 (42.0-58.0) <0.001
Men/women 391/462 388/463 389/464 389/460 0.999
Alcohol consumer (%) 30.5 34.9 35.9 36.3 0.045
Current smoker (%) 29.5 29.3 291 28.9 0.301
Body weight (kg) 52.5 (47.8-57.6) 57.0 (51.7-63.1) 60.6 (55.0-67.3) 66.4 (59.1-74.4) <0.001
BMI (kg/m?) 19.96 (18.71-21.21) 21.99 (20.84-23.25) 23.63 (22.09-24.92) 26.13 (24.12-27.75) <0.001
WC (cm) 70.0 (67.0-73.0) 78.0 (75.0-80.0) 84.0 (81.0-87.0) 92.0 (88.5-96.5) <0.001
WHtR 0.44 (0.42-0.45) 0.48 (0.47-0.49) 0.52 (0.51-0.53) 0.57 (0.56-0.60) <0.001
SBP (mm Hg) 110.7(102.8-120.0) 117.3 (110.0-122.0) 120.0 (110.0-125.3) 120.0 (112.0-126.7) <0.001
DBP (mm Hg) 73.3 (69.3-80.0) 77.3 (70.0-80.7) 79.3 (71.3-81.0) 80.0 (73.3-82.0) <0.001
eGFR (mL/min/1.73 m?) 86.5(76.5-96.2) 81.9 (74.5-92.4) 81.4 (73.3-90.6) 80.7 (72.2-89.7) <0.001
Cr (umol/L) 83.0 (74.5-93.0) 83.0 (75.0-93.0) 82.0 (75.0-93.0) 83.0 (74.0-93.0) 0.914
Uric acid (umol/L) 265.0 (219.0-324.0) 275.0 (222.0-333.0) 279.0 (230.0-338.0) 303.0(244.5-372.0) <0.001
ALT (U/L) 15.0 (11.0-22.0) 17.0 (12.0-24.0) 19.0 (14.0-26.0) 22.0 (16.0-32.0) <0.001
FPG (mmol/L) 4.89 (4.53-5.27) 4.95 (4.62-5.38) 5.07 (4.67-5.53) 5.22 (4.84-5.76) <0.001
TG (mmol/L) 0.94 (0.68-1.28) 1.11 (0.77-1.65) 1.25(0.85-1.92) 1.49 (1.03-2.46) <0.001
TC (mmol/L) 4.40 (3.85-4.96) 4.64 (4.10-5.34) 4.79 (4.17-5.40) 4.91 (4.30-5.57) <0.001
HDL-C (mmol/L) 1.47 (1.28-1.72) 1.45 (1.22-1.69) 1.39 (1.15-1.61) 1.28 (1.09-1.50) <0.001
LDL-C (mmol/L) 2.58 (2.11-3.14) 2.83 (2.29-3.43) 2.91 (2.39-3.50) 3.00 (2.47-3.61) <0.001
Hyperuricaemia (%) 5.3 9.8 12.0 17.2 <0.001*
Dyslipidaemia (%) 32.5 49.2 57.6 69.4 <0.001*
Diabetes (%) 2.8 5.1 6.8 13.0 <0.001*

Categorical variables were presented as a number (percentage), and continuous variables with a skewed distribution were presented as medians (IQR). P values are
for Kruskal-Wallis test or x2 test.
*P values for linear trend across quartiles (linear tendency y2 test).
ALT, alamine aminotransferase; BMI, body mass index; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; RFM, relative fat mass; SBP, systolic blood pressure; TC, total

cholesterol; TG, triglyceride; WC, waist circumference; WHtR, waist-to-height ratio.

Association between RFM and incident hypertension

Table 3 shows the incidence of hypertension according to
quartiles of RFM. Participants with high levels of RFM at
baseline were more likely to develop hypertension during
follow up, as incident cases of hypertension increased as

the RFM increased (14.8%, 21.2%, 26.8% and 35.2% in
the first, second, third and fourth quartiles, respectively).
In unadjusted logistic regression models, compared with
the first quartile of RFM levels, the ORs and 95% CI for
incident hypertension in the second, the third and the

Table 3 ORs and 95% Cils for incident hypertension according to baseline quartiles of RFM

Quartile 1 Quartile 2 Quartile 3 Quartile 4

(n=853) (n=851) (n=853) (n=849) P for trend
Incident hypertention 126 180 229 299 <0.001
Unadjusted 1 1.548 (1.205to 1.989) 2.117 (1.662 to0 2.698) 3.137 (2.478 t0 3.971)  <0.001
Model 1 1 1.337 (1.035t0 1.728) 1.662 (1.295 t0 2.133) 2.360 (1.849 t0 3.013) <0.001
Model 2 1 1.320 (1.021 t0 1.707) 1.633 (1.272 10 2.098) 2.321 (1.817 t0 2.966) <0.001
Model 3 1 1.266 (0.977 to 1.640) 1.513 (1.172t0 1.953) 2.032 (1.567 to 2.634) <0.001

Quartiles of RFM for men: first quartile <20.0, second quartile=20.1-23.4,

third quartile=23.5-26.3 and fourth quartile >26.4.

Quartiles of RFM for women: first quartile <33.1, second quartile=33.2-36.7, third quartile=36.8-39.8 and fourth quartile >39.9.

Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, smoking and alcohol drinking.

Model 3: adjusted for age, sex, smoking, alcohol drinking, uric acid, eGFR, ALT, TG, TC, HDL-C, LDL-C and FPG.
ALT, alamine aminotransferase; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HDL-C, high-densitylipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; RFM, relative fat mass; TC, total cholesterol; TG, triglyceride.
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Figure 2 Receiver operating characteristic curves of BMI, WC, WHtR and RFM for incident hypertension. BMI, body mass
index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio.

fourth quartiles were 1.548 (1.205 to 1.989), 2.117 (1.662
to 2.698) and 3.137 (2.478 to 3.971), respectively (p for
trend <0.001). After adjusted for age and sex (model 1)
and age, sex, smoking and alcohol drinking (model 2),
the associations remained significant. In the fully adjusted
model considering additional potential confounders
including uric acid, eGFR, ALT, TG, TC, HDL-C, LDL-C
and FPG (model 3), the ORs and 95% CI for incident
hypertension comparing the second, third and fourth
quartiles to the first quartile of RFM levels were 1.266
(0.977 to 1.640), 1.513 (1.172 to 1.953) and 2.032 (1.567
to 2.634), respectively (p for trend <0.001).

ROC curves for the incidence of hypertension

In logistic regression analysis, we demonstrated RFM can
independently predict the onset of hypertension. Aiming
at comparing its predictive power with traditional anthro-
pometric indices and delineating their optimal cut-points,
an ROC analysis was conducted (figure 2). In men, there
were no significant differences in area under the curve
(AUCQ) value of RFM as compared with that of WC and
BMI (Bonferroni-adjusted p value >0.05). In women,
RFM had higher AUC value than that of BMI (Bonferroni-
adjusted p value=0.047) and comparable value to that of
WC (Bonferroni-adjusted p value >0.05). In both sexes,
there were no significant differences in AUC value of
BMI as compared with that of WC (Bonferroni-adjusted p
value >0.05). All indices had higher AUC value in women
than in men (table 4).

In male population, the optimal cut-off value was 24.67
for RFM, 23.74 for BMI, 82.95 for WC and 0.51 for WHtR.
In female population, the optimal cut-off value was 35.73
for RFM, 23.83 for BMI, 77.15 for WC and 0.50 for WHtR.
In both sexes, RFM and WHItR had the highest Youden
index values for predicting hypertension (table 5).

Moreover, AUC was calculated for the regression
models. The effect of each index of obesity plus other
risk factors including age, smoking, alcohol drinking,
uric acid, eGFR, ALT, TG, TC, HDL-C, LDL-C and FPG
in predicting hypertension were evaluated. For both male
and female population, there were no statistical differ-
ences among the AUC values of the four models when
compared in a pairwise manner (all Bonferroni-adjusted
p value >0.05) (table 6).

DISCUSSION
In our longitudinal study performed in initially non-
hypersensitive individuals with 6 years of follow-up, we
found an increased risk of incident hypertension across
quartiles of RFM after adjusted for several known risk
factors, which indicate RFM is an independent and prac-
ticable predictor of hypertension in Chinese population.
When considering obesity and hypertension, visceral
adiposity mediates the progression from a normoten-
sive to hypertensive. The most definitive evidence of
this comes from the Dallas Heart Study, they measured

Table 4 AUCs for each anthropometric index in predicting hypertension

Men Women

AUC (95% Cl) P value AUC (95% ClI) P value
RFM 0.597 (0.572 to 0.621) <0.001 0.647 (0.625 to 0.669) <0.001
BMI 0.593 (0.568 to 0.618) <0.001 0.615 (0.592 to 0.637) <0.001
wWC 0.583 (0.558 to 0.608) <0.001 0.644 (0.622 to 0.666) <0.001
WHtR 0.597 (0.572 to 0.621) <0.001 0.647 (0.625 to 0.669) <0.001

AUC, area under the curve; BMI, body mass index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio.
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Table 5 Optimal cut-off points for each anthropometric index in predicting hypertension

Men Women
Cut-off Sensitivity (%) Specifity (%) Youdenindex Cut-off Sensitivity (%) Specifity (%) Youden index
RFM 24.67 0.51 0.65 0.16 35.73 0.75 0.47 0.22
BMI 23.74 0.48 0.67 0.15 23.83 0.53 0.67 0.20
WC 82.95 0.58 0.56 0.14 77.15 0.76 0.46 0.22
WHtR  0.51 0.51 0.65 0.16 0.50 0.75 0.47 0.22

BMI, body mass index; RFM, relative fat mass; WC, waist circumference; WHtR, waist-to-height ratio.

adipose tissue through MRI scanner and demonstrated
visceral adiposity but not total or subcutaneous adiposity
was significantly associated with incident hypertension.*
Excessive abdominal adiposity can result in adipocyte
dysfunction, which was accompanied by abnormal proin-
flammatory cytokines and adipocytokines secretion and
increased concentration of circulating free fatty acids.
These factors can contribute to vascular dysfunction and
systemic insulin resistance, and then leading to increased
activation of the renin-angiotensin—aldosterone system
and increased sympathetic nervous system activity.”’
Moreover, obesity can cause kidney injury. The compres-
sion of the kidneys by fat can induce inflammation and
expansion of renal medullary extracellular matrix, inhibit
renal tubular reabsorption and increase sodium reab-
sorption, leading to the development of low eGFR and
further increases in blood pressure.”® Thus, indices that
can give a precise assessment of fat mass especially visceral
adiposity may improve the sensitivity and specificity in
detecting individuals with increased cardiometabolic or
hypertension risk.

The aim of developing the RFM algorithm was to better
reflect estimates of whole-body fat percentage in clinical
and epidemiological practice; it was proved to have higher
sensitivity and lower rates of misclassification in obesity
estimation when compared with BMI in US population
by its developers and had been proved to be better than
BMI in Mexican population.”* In predicting cardiomet-
abolic risk, RFM also showed excellent performance.
RFM had better discrimination power than BMI in identi-
fying diabetes (AUC: 0.80 vs 0.76 for men and AUC: 0.79
vs 0.78 for women).” In a cohort study, RFM was better
than BMI in predicting incident severe liver disease and

overall mortality.”’ However, in our study performed in
Chinese population, although we found RFM can be an
effectively index in predicting hypertension, it was compa-
rable with BMI in men and slightly better than BMI in
women in predicting ability. Two reasons can account for
this result. First, the outcome in our study was different
from other current published cross-sectional or cohort
study about RFM, although obesity participate and serve
as critical role in the pathophysiological processes of all
these outcome diseases, the confounding factors may be
different from each other. Second, according to a recent
study performed in Korean population, RFM tend to over-
estimated the body fat percentage in their study popula-
tion and showed a better linear relationship with body fat
percentage than BMI in men only. In ROC analysis, they
found RFM was not superior to that of BMI in discrim-
inating obese individuals.” RFM was developed from
Mexican-Americans, European-Americans and African-
Americans. Meanwhile, Asian populations tend to have
higher body fat percentage than Caucasians at the same
BMI level.*Thus, the efficiency of the RFM algorithm for
estimating body fat percentage in Chinese population is
unknown and needs further validation study.

RFM and WHtR had the same AUC value in the ROC
analysis. The optimal cut-off of WHtR in our study were
0.51 for men and 0.50 for women, similar to the recom-
mendations suggested by various studies to define
central obesity (WHtR>0.5); meanwhile, 0.5 had been
demonstrated to be a good boundary value for men and
women across ethnic groups in assessing diabetes and
CVD risk.*** When the WH(R value was 0.5, the corre-
sponding value for RFM were 24 for men and 36 for
women, very close to the optimal cut-off of RFM in our

Table 6 Performance of different models in predicting incident hypertension

Men Women

AUC (95%Cl) P value AUC (95% CI) P value
RFM-+other factors 0.660 (0.636 to 0.684) <0.001 0.697 (0.676 to 0.718) <0.001
BMI+other factors 0.667 (0.643 to 0.690) <0.001 0.702 (0.680 to 0.723) <0.001
WC-+other factors 0.660 (0.636 to 0.684) <0.001 0.704 (0.683 to 0.725) <0.001
WHtR+other factors 0.661 (0.637 to 0.685) <0.001 0.698 (0.677 to 0.719) <0.001

Other factors including age, smoking, alcohol drinking, uric acid, eGFR, ALT, TG, TC, HDL-C, LDL-C and FPG.
AUC, area under the curve; BMI, body mass index; RFM, relative fat mass figure legends; WC, waist circumference; WHtR, waist-to-height

ratio.
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study. Based on these, we can conclude that a high level
of consistency existed between the current RFM equation
and WHtR, and RFM can be an alternative to WHtR in
predicting incident hypertension.

Overall, in our study, the ROC analysis of the single index
in predicting incident hypertension revealed that WC or
WHIR did not show significant superiority over BMI. Mean-
while, the AUGs calculated for the regression models in
table 6 further demonstrated this. Indeed, as BMI does not
distinguish fat mass from lean mass and does not reflect fat
distribution,” ¥ WC and index based on WC may give a
better quantity of visceral fat. However, same as our study,
some studies reported that no difference between BMI and
WC/WHItR with regard to discriminating or predicting
hypertension,™* and some reported BMI showed a better
performance,” ** which should be explained. Aside from
the different methodology (such as ROC analysis, Cox
regression and logistic regression) used to judge the perfor-
mance, study design (cross-sectional and longitudinal) and
covariates taken into consideration, we think two additional
factors may explain the inconsistency between studies. First,
the morphological characteristics of the study participants
may account for this. In many circumstances especially
in Asian populations, BMI and WC are highly correlated,
there were studies reported that their ability were compa-
rable in predicting abdominal adipose tissues,” the high
collinearity between BMI and WC-based indices may result
in similar predictive power. Second, different inclusion
criteria were applied in these studies, some included those
with organ dysfunction such as myocardial infarction, heart
failure and chronic kidney diseases. These diseases may lead
to changes in haemodynamic load and total fluid volume
that mediate the presence of hypertension, while BMI is
sensitive to these changes and thus can provide information
more than adiposity.

Our study has several strengths. First, our study was
performed using nationally representative samples of the
Chinese adult population, which were recruited from
nine different provinces in China. Second, to our best
knowledge, we were the first longitudinal study to investi-
gate whether the current RFM algorithm can be applied
in hypertension prediction in Chinese population and
compare its predicting power with traditional obesity-
related indices. Third, in baseline population, we excluded
the individuals with history of myocardial infarction or
stroke, as well as those with chronic kidney disease or liver
dysfunction, which may affect the association between
obesity and hypertension. This ensure the objectivity and
accuracy of our research.

There are also limitations of our study. First, we exclude
717 individuals from this study due to lack of data about
the factors we needed in statistical analysis, which may
cause selection bias. Second, medical history taking, phys-
ical examinations and biomarker measurements were
only carried out at the baseline, but these parameters may
change over time. For example, lifestyle intervention and
pharmacotherapy can result in weight loss and amelio-
rate metabolic disorders in some high-risk individuals and

reduce the risk of developing hypertension. However, we
failed to take these factors into consideration in our study.
Third, although the blood pressure was measured in
duplicate, white-coat hypertension may exist and affected
our judgement of the outcome. Fourth, as the nature of
observational study, when investigating about the associa-
tion between RFM and incident hypertension, it is possible
that some unknown or unmeasured factors confounded
the association; however, in our logistic analysis, we had
adjusted the main confounding factors; we do not think
residual confounding will materially alter our conclusion.
Fifth, as the participants in our study did not undergo DXA
test or other tests that can give an assessment about body
component, we could not evaluate the performance and
accuracy of the RFM algorithm in Chinese population; this
hinder the further interpretation of our results.

CONCLUSION

In conclusion, our study revealed that RFM is a powerful
indicator to predict incident hypertension in Chinese
population; the optimal cut-off of RFM was 24.67 and 35.73
for men and women, respectively; individuals above the
cut-off level show higher risk for hypertension and deserve
early intervention to prevent it. However, based on the AUC
values in ROC analysis, RFM did not show better perfor-
mance compared with traditional obesity indices.
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