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Abstract

Previous studies have reported that a high free fat mass (FFM) was associated with elevated blood pressure in children.
However, the observed relationship could be confounded by body weight. Thus, we performed cross-sectional analyses to
understand the differences between the percentage of free fat mass (FFM%) and FFM in relation to blood pressure in healthy
Chinese children. A total number of 2671 (1264 girls; aged 6—14 years) healthy Chinese children was recruited in 2014
(baseline). We further prospectively examined whether these indices predicted hypertension risk during the 2 years of
follow-up (2014-2016) among 2094 participants who were free of hypertension at the baseline. Blood pressure was
repeatedly measured in 2014, 2015 and 2016. Hypertension was defined as either high systolic blood pressure and/or high
diastolic blood pressure (>age- and sex-specific 95™ percentile for Chinese children). The baseline FFM was assessed by bio-
impedance analysis, and FFM% was calculated as FFM divided by the body weight. A high FFM was associated with a high
baseline blood pressure and high hypertension risk after adjustment for potential confounders (all p <0.001). By contrast, a
high FFM% was associated with a low baseline blood pressure and low hypertension risk in the fully adjusted model (all p <
0.001). Each one-percent increment of FFM% was associated with a 9% lower risk of developing hypertension (adjusted
hazard ratio = 0.91; 95% confidence interval: 0.89, 0.94). A high FFM% was associated with a low blood pressure and low
hypertension risk in healthy Chinese children.

Key words free fat mass (FFM) - percentage of free fat mass (FFM%) * hypertension * children

Introduction

Obesity is a well-documented risk factor for childhood
hypertension [1, 2]. A high fat mass (FM) and high
percentage of fat mass (FM%) were observed to be
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associated with a high risk of childhood hypertension [3—
5]. Unexpectedly, previous studies have consistently
showed that a high free fat mass (FFM), or lean body
mass (a strongly correlated index with FFM), was asso-
ciated with a high blood pressure or high hypertension
risk in children regardless of sample size (range:
72-6863), body composition measurement, age, and
ethnicities [6—11]. Studies based on the FFM index (FFM
in kilograms divided by the squared height in meters)
[12, 13], or lean body mass index (lean body mass in
kilograms divided by the squared height in meters) [14,
15], or lean body mass index z score [16] generated
similar results. This association was thought to be due to
the decreased ability of FFM to metabolize glucose and
lipids [16] or altered cardiac output [7]. Notably, these
studies examined absolute FFM or the FFM index rather
than the percentage of FFM (FFM%). The observed
positive relationship between FFM and blood pressure
could be confounded by high body weight and high FM.
FFM is increased simultaneously with the increase in FM
in children and adolescents [17, 18]. The situation was
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similar in previous studies focusing on obesity and car-
diovascular function. The most important limitation in
these studies was to use BMI, rather than body compo-
sition indices (e.g., FM% and FFM %), to classify obesity
[19]. In this context, FFM %, which is calculated by FFM
divided by body weight, is considered a better index,
relative to FFM, to reflect cardiovascular function [19].
In a case-control study including 94 children aged 6 to
18 years with hypertension, children with hypertension
had a larger lean body mass percentage, which was
strongly correlated with FFM%, compared with healthy
control children [20]. However, this study was limited by
its small sample size, wide range in age, and retro-
spective study design.

Therefore, we aimed to examine the differences between
FFM% and FFM in the association with blood pressure
during two years of follow-up, after the adjustment of
potential confounders, in a community-based cohort study
including approximately 2,700 healthy Chinese children. In
secondary analyses, the associations between FM and FM%
and blood pressure were also examined.

Subjects and Methods
Study population

The current study was conducted at five primary schools
in Gaohang Town, Shanghai, China. Briefly, all the
children (n=3,781) in these schools were invited to
participate in the survey, which included anthropometric
examination, blood pressure, body composition, and a
questionnaire. All the children were apparently healthy
and did not use antihypertensive drugs. Body weight,
height, and body composition were measured in 2014
(baseline), and blood pressure was repeatedly measured
by trained medical staff in 2014, 2015 and 2016. After
excluding those who declined to participate in the sur-
vey, those with missing data, and born preterm, 2671
children and adolescents (1264 girls) aged 6—14 years
old was included in the cross-sectional analysis of the
exposures (e.g., FFM%) and blood pressure (referred to
as sample one). Participants who were excluded from the
analysis were older, with a higher BMI, average systolic
blood pressure, FFM, and FM, and lower FFM% than
those remaining in the analysis (all p < 0.05), while sex
proportion and average diastolic blood pressure were
similar between the two groups. To examine the expo-
sure and change in blood pressure during the follow-up,
we excluded 226 children who were lost to follow-up; all
the remaining 2445 children (1166 girls) in the analysis
(referred to as sample two) were followed up for 2 years.
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To study the risk of incident hypertension, we further
excluded 351 children with hypertension (either high
systolic blood pressure and/or high diastolic blood
pressure, according to the age- and sex-specific 95th
blood pressure percentile for Chinese children) [21] at
baseline, leaving 2094 children (1009 girls) for the
analysis (referred to as sample three). The details of
participant recruitment are shown in Supplementary
Figure 1. Parents/caretakers signed informed consent
forms. The study was approved by the Ethics Committee
of Ren Ji Hospital, School of Medicine, Shanghai Jiao
Tong University (PW2016D-05).

Anthropometrical data and body composition

Height (to the nearest 0.1 cm), weight (to the nearest 0.1
kg), and body composition (Bio-impedance analysis, BIA;
TBF-410, Tokyo, Japan) were measured while the children
were barefoot and in underwear. FM and FFM were
recorded to the nearest 0.1 kg. FM% (FM% = fat mass/body
weight*100), and FFM% (FFM% = free fat mass/body
weight*100) was calculated and recorded to the nearest
0.1%.

Resting blood pressure

Resting blood pressure was measured by trained medical
staff (e.g., doctors and nurses) in the school from 1 p.m. to
5 p-m. Resting blood pressure was measured twice on the
children’s right arm after resting for at least 10 minutes
using a mercury sphygmomanometer and a special cuff that
fits 2/3 of the children’s arm. Systolic blood pressure is the
point at which the onset of Korotkoff sounds and the fourth
Korotkoff sound (K4) is used to define diastolic blood
pressure [22]. The interval between the two BP measure-
ments was at least 10 min and the average of two blood
pressure measurements was recorded to the nearest 1 mm
Hg. Hypertension was defined as either high systolic blood
pressure and/or high diastolic blood pressure, according to
the age- and sex-specific 95th blood pressure percentile for
Chinese children [21].

Assessment of covariates

We collected information on age, sex, birth weight, infant
feeding pattern (breast feeding, part breast feeding, bottle
feeding), physical activity (<1 h or 21 h per day), carbo-
nated beverages (<4 or >5 times per week), western fast
food (<4 or 25 times per month), traditional Chinese fried
food (<3 or 24 times per week), processed meat (<4 or 25
times per week), and time of sleep (<9 h or 29 h per day)
by the questionnaire. We also collected parental height,
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body weight, and the highest education level. Parental
BMI was also calculated. Parents completed the
questionnaire.

Statistical analyses

We completed all statistical analyses by SAS version 9.4
(SAS Institute, Inc, Cary, NC). Formal hypothesis testing
was two-sided with a significance level of 0.05.

We performed partial correlation analysis between the
body weight, BMI, and FM, FM%, FFM, FFM %, FFM-to-
FM ratio, and FFM index at baseline in sample one. We
used the generalized linear model (GLM) to analyze the
association between exposures (e.g., FFM%) and baseline
blood pressure in sample one. We used “PROC GPLOT” to
produce a two-dimensional graph to demonstrate the asso-
ciation between exposure (FFM%, FFM, FM%, FM) and
blood pressure. To examine whether FFM% and FFM were
associated with changes in blood pressure during follow-up,
“PROC GENMOD” was used based on sample two.
Finally, the Cox proportional hazards model was used to
examine whether the exposures predicted the risk of inci-
dent hypertension in sample three. The person-time of
follow-up for each child was determined from the finishing
date of the baseline (01 June 2014) survey to either the date
of HBP or the end of follow-up (30 June 2016), whichever
came first. We adjusted for potential confounders in dif-
ferent models: Model 1, adjusted for sex and baseline age
(y); Model 2, adjusted for sex, baseline height (cm), age (y),
birth weight (g), infant feeding (breast feeding, part breast
feeding, bottle feeding), consumption of western fast food
(24 or 25 times per month), Chinese traditional fried food
(23 or >4 times per week), carbonated beverages (<4 or 25
times per week), and processed meat (<4 or >5 times per
week), physical activity (<1 h or 21 h per day), duration of
sleep (<9h or 29 h per day), paternal BMI and education
(<middle school or >high school), and maternal education
(<middle school or >high school). Furthermore, in a cross-
sectional study, model 3 was adjusted for variables in model
2 and baseline body weight (kg); in prospective analyses,
model 3 was adjusted for variables in model 2 and baseline
systolic and diastolic blood pressure (mmHg); model 4 was
adjusted for variables in model 3 and baseline body weight
(kg).

We tested potential interactions among age, sex, and
physical activity with the association of FFM% and baseline
blood pressure. To test the robustness of the results obtained
from the main analysis, we conducted three sensitivity
analyses using the FFM-to-FM ratio and FFM index (cal-
culated by FFM in kilogram divided by squared height in
meter) as exposures and blood pressure at the end of follow-
up as the outcome, respectively.

Results
Baseline characteristics

The baseline age was 9.2+2.1 years. High FFM% was
associated with a low proportional of girls, younger age,
low height, body weight, BMI, systolic and diastolic blood
pressure, birth weight, paternal and maternal BMI, and high
physical activity (Table 1). By contrast, high FFM was
associated with older age, high body weight, BMI, systolic
and diastolic blood pressure, birth weight, parental BMI and
education, and long sleep time, and low consumption of
carbonated beverages, processed meat, western fast food,
and traditional Chinese fried food (Supplementary Table 1).

Cross-sectional analyses

The baseline body weight and BMI were positively asso-
ciated with FM, FM%, FFM, and the FFM index but was
negatively associated with FFM% and the FFM-to-FM ratio
(all p<0.001; Supplementary Table 2). High FFM% was
associated with low systolic [ =-0.42 mm Hg; 95% con-
fident interval (CI): —0.49, —0.35 mm Hg] and diastolic ($
=-0.29mmHg; 95% CI: —0.34, —0.23 mm Hg) blood
pressure at the baseline (Fig. 1 and Table 2, model 2). By
contrast, high FFM was associated with high systolic (=
0.58 mm Hg, 95% CI: 0.46, 0.69 mm Hg) and diastolic (f
= 0.33 mm Hg, 95% CI: 0.24, 0.42 mm Hg) blood pressure,
after adjustment for potential confounders (Fig. 1 and
Table 2) at the end of the follow-up (sample two). After
further adjustment for body weight, the associations
between FFM and systolic and diastolic blood pressure
were largely attenuated and became insignificant for sys-
tolic blood pressure (Table 2, model 3).

Prospective analyses

High FFM% was also associated with a slow increase in
blood pressure over time and low hypertension risk in a
fully adjusted model (both p trend <0.01) (Fig. 2). Each
additional percent of FFM% at the baseline was associated
with a 9% low likelihood to develop hypertension (HR =
0.91; 95% CI: 0.89, 0.94) (Table 3). By contrast, high FFM
was associated with a fast increase in blood pressure and
high hypertension risk (HR = 1.12; 95% CI: 1.08, 1.16) in
the model (Fig. 2 and Table 3). High FM and FM% were
consistently associated with a high baseline blood pressure
and the risk of developing hypertension (Supplementary
Figure 2 and Tables 2, 3). The inclusion of the baseline
blood pressure in the Cox model did not change the pattern
between the body composition and incidence of hyperten-
sion (Table 3, Supplementary Tables 3, 4).
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Table 1 Baseline characteristics

of 2,671 Chinese children,
according to quartiles of
percentage of free fat mass

Variables Groups Ql (n=668) Q2 (n=0667) Q3 (n=668) Q4 (n=668) P trend
Medium (range of group), % — 74.7 (<78.7) 81.5(78.7,< 85.6 (83.6,< 89.4 (287.3)
83.6) 87.3)
Age, y — 9.6x2.1 9.5+2.1 9.0+2.0 8.8+2.1 <0.001
Girls, No. (%) — 357 (53.4) 321 (48.1) 311 (46.6) 275 (41.2) <0.001
Height, cm — 148.7+11.3 146.5+11.8 142.9+12.0 140.7 £ 13.1 <0.001
Body weight, kg — 50.3+12.8 41.0+9.8 35.0+9.0 309+8.8 <0.001
BMI, kg/m? — 21.7+34 183+24 163+1.9 149+1.6 <0.001
Birth weight, g — 3415 + 465 3394 + 450 3368 +463 3341 +4564  0.02
SBP, mmHg — 106 +10.5 102+11.1 98.7+10.4 97.5+11.1 <0.001
DBP, mmHg — 65.0+8.0 62.1+7.8 60.3+7.7 59.6+8.0 <0.001
Infant feeding, No. (%) Breast 398 (50.6) 316 (47.4) 354 (53.0) 340 (50.9) 0.53
Part breast 119 (17.8) 133 (19.9) 103 (15.4) 115 (17.2)
Bottle 199 (31.6) 205 (32.7) 195 (31.6) 198 (31.9)
Fast food, No. (%), per month <4 649 (97.2) 648 (97.2) 641 (96.0) 643 (96.3) 0.49
25 17 (2.8) 14 (2.8) 19 (4.0) 16 (3.7)
Carbonated beverages, No. (%), <4 605 (90.7) 592 (88.8) 608 (91.0) 609 (91.2) 0.44
per week
25 58 (9.3) 69 (11.2) 49 (9.0) 48 (8.8)
Processed meat, No. (%), per <4 651 (97.5) 649 (97.3) 647 (96.9) 647 (96.9) 0.87
week
>5 13 (2.5) 12 2.7) 11 3.1) 9 (3.1)
Traditional Chinese fried food, <3 653 (97.8) 654 (98.1) 649 (97.2) 655 (98.1) 0.65
No. (%), per week
24 13 (2.2) 9 (1.9) 11 (2.8) 5(1.9)
Physical activity, No. (%), <1 h/day 457 (68.4) 430 (64.5) 404 (60.5) 381 (57.0) <0.001
per day
>1 h/day 211 (31.6) 237 (35.5) 264 (39.5) 287 (43.0)
Sleep time, No. (%), per day <9 h/day 121 (18.1) 123 (18.4) 120 (18.0) 127 (19.0) 0.91
29 h/day 515 (81.9) 512 (81.6) 515 (82.0) 513 (81.0)
Paternal BMI, kg/m’ - 252+32 245+3.0 24.0+2.8 23.6+29 <0.001
Paternal education, No. (%) <Middle 391 (58.5) 389 (58.3) 385 (57.6) 382 (57.2) 0.96
>High 277 (41.5) 278 (41.7) 283 (42.4) 286 (42.8)
Maternal BMI, kg/m? - 22.8+3.1 222+29 21.7+2.7 21.2+2.6 <0.001
Maternal education, No. (%) <Middle 421 (63.0) 418 (62.7) 415 (62.1) 408 (61.1) 0.89
>High 247 (37.0) 249 (37.3) 253 (37.9) 260 (38.9)

No number, BMI body mass index, 4 hour, SBP systolic blood pressure, DBP diastolic blood pressure, — not

applicable

Interaction and sensitivity analyses

We did not observe interactions between age, sex, and daily
physical activity with the association of FFM% and blood
pressure (all p >0.05). Sensitivity analyses using the FFM-
to-FM ratio as the exposure showed that a high ratio was
associated with a low baseline blood pressure and low
hypertension risk after adjustment for potential confounders
(Supplementary Table 3). We also observed that a high
FFM index was associated with a high baseline blood
pressure and high hypertension risk (Supplementary
Table 4). Replacing baseline blood pressure with blood
pressure at the end of follow-up as the outcome showed
similar results (Supplementary Table 5).

Discussion

In this community-based study including 2,671 healthy
Chinese children, we observed that high FFM% was
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associated with low blood pressure and a low risk of
developing hypertension during 2 years of follow-up, after
adjustment for potential confounders such as birth weight,
infant feeding, diet, physical activity, and parental factors,
which are possibly related with childhood hypertension.
However, high FFM was associated with a high blood
pressure and high risk of hypertension. The differences
indicate that FFM %, and not the absolute value of FFM, is
an optimal index to use for obesity and hypertension
studies.

Although age- and sex-specific BMI is the most widely
used index to assess childhood overweight and obesity, it
failed to identify over one-quarter of children with excess
body fat [23]. Some studies have reported that waist
circumference is better than BMI in predicting childhood
hypertension [24, 25], but it still cannot distinguish
subcutaneous fat from visceral fat [26]. BIA provides a
cheap, convenient and relatively precise alternative to
estimate body fat in children [27, 28], and body fat has
been suggested as a novel parameter for obesity and its



Percentage of free fat mass is associated with elevated blood pressure in healthy Chinese children 99

a
160 - @ =0.713

140

120 -

Systolic blood pressure (mmHg)

100

80 -

T T T T

20 40 60 80
Free fat mass (kg)

Fit O 95% Confidence Limits ------ 95% Prediction Limits

1601 ° ° r=-0.594

-
=
o

Systolic blood pressure (mmHg)
3 8
1

80 |

60 70 80 90
Percentage of free fat mass (%)

Fit O 95% Confidence Limits ------ 95% Prediction Limits

Fig. 1 Cross-sectional relationship between FFM and FFM% and
systolic (a, ¢) and diastolic (b, d) blood pressure in 2671 Chinese
children (sample one). a FFM and systolic blood pressure; b FFM and

related cardiovascular diseases in children [29]. The
positive association between FFM and blood pressure
was consistent with that in previous studies. Brion et al.
[7] estimated the body composition by dual-energy X-ray
absorptiometry (DXA) in 6,863 nine-year-old children
and found that a high lean body mass was associated with
high systolic blood pressure (= 3.38 mmHg for each
additional kg of lean body mass, 95% CI: 2.95, 3.81
mmHg) in a fully adjusted model. A high lean body mass
index was also correlated with high blood pressure in a
study including 733 Indian children aged 10-18 years (r
=0.23; p<0.01) [14]. In another cross-sectional study
including 3,004 adolescents (12-20 years) in the National
Health and Nutrition Examination Survey, a high lean

° © o o o r=0.298
[ o ° -
% [¢)
o o
o o o oo -
80 - @ 0OommW axm @ @0 a0 ©

COOCanmD (D O G)OO o (o] o]

. °W °

OCE)CD(DCSIDOWW) OOOCD o0

60

Diastolic blood pressure (mmHg)

COMEEEBME 000, o o
o T @

%M@? ® °%o

-~"omo o

40 @» 00 o

o
T T T T
20 40 60 80

Free fat mass (kg)

Fit O 95% Confidence Limits ------ 95% Prediction Limits
90 oo o o o o =-0.356
© )
- o o °
o---.00 O o
80 -| @ O ©OCoeOD OO ERID @D OO OAXADO 00 O 0O

o 00 O @000 @O OJOGOGIX'D@@» a® 00

o OOO @ < 00O
o 9:39&%@ BRI
@ 0000 OOO(I) OO0 @ G%ODOOOO [eXe)
Q0 O @O O C >

70

60 [e]

Diastolic blood pressure (mmHg)
o

50

o T00-ap, OO QURIENGEDIENO OO O

° ° 8o AT, °
00 00 O o
40 - oo @ @

]

60 70 80 90
Percentage of free fat mass (%)

Fit O 95% Confidence Limits ------ 95% Prediction Limits

diastolic blood pressure; ¢ FFM% and systolic blood pressure; d FFM
% and diastolic blood pressure. FFM free fat mass, FFM% percentage
of free fat mass = free fat mass (kg)/body weight (kg) x 100

body mass index z-score was associated high odds of
having hypertension (OR =1.8; 95% CI: 1.1-2.9) [16].
However, the observed discrepancy relationship in these
studies could be confounded by body weight [17, 18],
which was strongly associated with both FFM and blood
pressure. In the current study, further adjustment for body
weight attenuated the association between FFM and
blood pressure. This suggests that the reported positive
FFM-hypertension relationship could be, at least in part,
interpreted by the existence of residual confounders.
Another possible explanation was that FFM increased
simultaneously with the increase in FM [30], and the
latter was shown to be closely associated with hyperten-
sion [29].
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Fig. 2 Mean (95% confidence interval) annual changes in systolic and
diastolic blood pressure during the follow-up based on the baseline
status of FFM and FFM% (sample two). a FFM and systolic blood
pressure; b FFM and diastolic blood pressure; ¢ FFM% and systolic
blood pressure; and d, FFM% and diastolic blood pressure. FFM free
fat mass; FFM% percentage of free fat mass = free fat mass (kg) / body
weight (kg) x 100. Models were adjusted for sex, baseline height (cm),
age (y), birth weight (g), infant feeding (breast feeding, part breast

We observed that high FFM% was associated with a low
blood pressure and low risk of developing hypertension.
This was consistent with the notion that FFM%, not abso-
lute FFM, was a better predictor for hypertension and other
cardiovascular diseases [19]. A small observational study,
including 94 children aged 6-18 years with hypertension
found a markedly lower lean body mass percentage z-score
(an index strongly correlated with FFM%) in participants
associated with hypertension, compared with 562 non-
hypertension controls [20]. In this study, lean body mass z-
scores tended to be slightly higher in boys and girls than in
controls, but this observation was significant in boys (p <
0.0001) [20]. This observed gender difference should be
interpreted with caution because of the difference in sample
size between boys (n=73) and girls (n=21) in this
study. Interestingly, another case-control study found that
the absolute lean body mass was higher (20.8 vs. 17.8 kg, p
=0.002) while the percentage of lean body mass (76.8 vs.
79.9%, p = 0.024) was lower in girls with premature adre-
narche compared with healthy controls [31]. Similarly, in a
study including 18,687 Korean adults (aged 20-79 years), a
lower FFM% and higher FFM at the baseline were sig-
nificantly associated with the risk of developing diabetes
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feeding, bottle feeding), consumption of western fast food (<4 or =5
times per month), Chinese traditional fried food (<3 or 24 times per
week), carbonated beverages (<4 or 25 times per week), and processed
meat (<4 or >5 times per week), physical activity (<lh or >1h
per day), duration of sleep (<9 h or 29 h per day), paternal BMI and
education (<middle school or >high school), and maternal education
(<middle school or >high school)

during 4.3 years of follow-up [32]. These results,
together with our study, suggest that FFM% or the
ratio between FFM and FM, rather than absolute FFM,
could better reflect the obesity status and predict health
status.

Our study could be limited by residual confounding,
although we adjusted for many potential confounders. For
example, we did not collect information on salt intake, one
of the major dietary determinants of hypertension risk.
However, it was difficult to estimate salt intake using
dietary records while 24 h urinary sodium excretion as a
biomarker of salt intake was not applicable in the popula-
tion study [33]. Similarly, we did not collect Tanner
development of children and adolescents, and puberty was
marked by rapid growth and increases in both FFM and FM
[34]. However, we conducted a subgroup analysis stratified
by age (69 years vs. 10-14 years) and did not observe
interaction of age with the association between FFM% and
hypertension risk. Furthermore, we did not collect infor-
mation on secondary smoking and parental history of
hypertension, which were reported as potential risk factors
for pediatric hypertension [35, 36]. However, parental BMI,
which was closely associated with the pediatric blood
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Table 3 Adjusted hazard ratios and 95% confidence intervals for the risk of hypertension, according to the quartiles of FFM, FFM%, FM, and FM

% in 2,094 healthy Chinese children

Variables Model Quartile groups Per Unit P trend
Q1 Q2 Q3 Q4

FFM Case of HTN 14 52 60 92 — —
No. 600 569 502 423 — —
Medium (range of group), kg 22.7 (<24.6) 27.6 (24.6,<29.3) 33.3(29.3,<35.4) 41.2 (=35.4) - -
Model 1 1 (ref) 5.27 (2.9, 9.56) 10.0 (5.45, 18.4) 33.2(17.2,63.9) 1.18 (1.14, 1.21) <0.001
Model 2 1 (ref) 445 (2.39, 8.3) 745 (3.74, 14.8) 224 (9.8,51.4) 1.15(1.11, 1.19) <0.001
Model 3 1 (ref) 4.11 (2.2, 7.69) 5.97 (3.0, 11.9) 14.2 (6.06, 33.1) 1.12 (1.08, 1.16) <0.001
Model 4 1 (ref) 3.48 (1.86, 6.5) 4.06 (2.03, 8.12) 6.5 (2.65,15.9) 1.07 (1.03, 1.12) <0.001

FFM%  Case of HTN 119 50 31 18 —
No. 493 506 548 547 — —
Medium (range of group), % 74.8 (<79.1) 81.5(79.1,<84.0) 85.6 (84.0,<87.5) 89.2 (=87.5) - -
Model 1 1 (ref) 0.39 (0.28, 0.55)  0.22 (0.15, 0.33)  0.13 (0.08, 0.21) 0.87 (0.85, 0.89) <0.001
Model 2 1 (ref) 0.43 (0.31, 0.6) 0.29 (0.19, 0.44)  0.17 (0.1, 0.29)  0.89 (0.86, 0.91) <0.001
Model 3 1 (ref) 0.52 (0.37,0.74)  0.39 (0.26, 0.59)  0.24 (0.15, 0.41) 0.91 (0.89, 0.94) <0.001

FM Case of HTN 14 30 66 108 — —
No. 581 541 516 456 — —
Medium (range of group), kg 3.0 (<3.7) 4.9 (3.7,<5.7) 7.6 (5.7,<8.9) 12.2 (28.9) — —_—
Model 1 1 (ref) 2.45 (1.3, 4.64) 6.1 (3.39, 10.9) 12.1 (6.78, 21.5) 1.26 (1.21, 1.31) <0.001
Model 2 1 (ref) 2.02 (1.06, 3.85) 4.3 (2.36, 7.85) 7.5 (4.08, 13.8) 1.2 (1.15,1.26) <0.001
Model 3 1 (ref) 1.98 (1.04,3.77) 3.61 (1.97,3.61) 5.14(2.78,9.51) 1.15(1.1,1.2) <0.001

FM% Case of HTN 18 31 50 119 — —
No. 546 547 508 493 — —
Medium (range of group), % 10.8 (<12.5) 14.4 (12.5,<16.0) 18.5(16.0,<21.0) 25.5 (221.0) — —
Model 1 1 (ref) 1.73 (0.97, 3.1) 3.02 (1.76, 5.18) 7.7 (4.68, 12.7) 1.15(1.12, 1.18) <0.001
Model 2 1 (ref) 1.68 (0.94, 3.0) 246 (1.43,4.25) 5.75(3.45,9.58) 1.13 (1.1, 1.16) <0.001
Model 3 1 (ref) 1.61 (0.9, 2.89) 2.15(1.25,3.72) 413 (247,6.9) 1.1 (1.07,1.13) <0.001

The prospective analysis was based on sample three
Each unit means 1.0 kg of FFM, 1.0 kg of FM, 1 percent of FFM%, and 1 percent of FM%
Model 1: adjusted for sex and baseline age (y)

Model 2: adjusted for sex, baseline height (cm), age (y), birth weight (g), infant feeding (breast feeding, part breast feeding, bottle feeding),
consumption of western fast food (<4 or 25 times per month), Chinese traditional fried food (<3 or >4 times per week), carbonated beverages (<4 or
>5 times per week), and processed meat (<4 or 25 times per week), physical activity (<1 h or 21 h per day), duration of sleep (<9 h or 29 h per day),

paternal BMI and education (<middle school or >high school), and maternal education (<middle school or >high school)

Model 3: adjusted for variables in model 2 and baseline systolic blood pressure (mmHg), diastolic blood pressure (mmHg)

Model 4: adjusted for variables in model 3 and baseline body weight (kg)

FFM free fat mass, FFM% percentage of free fat mass = free fat mass (kg) /body weight (kg) x 100, FM fat mass, FM% percentage of fat mass =
fat mass (kg)/body weight (kg) x 100, HTN hypertension, No number, — not applicable

pressure, was adjusted in the final model. Inclusion of
parental BMI in the analysis attenuated the association
between FFM% and SBP, DBP, and the risk of developing
hypertension slightly; however, they remained significant
(data not shown). Another limitation was the short follow-
up period. Thus, we cannot exclude the possibility that the
observed association between FFM% and hypertension risk
could be due to reverse causation. Possible selection bias
should be considered because there were significant dif-
ferences in some baseline characteristics between children

SPRINGER NATURE

who were excluded from the study and those that remained
in the study. Finally, it was worth noting that BIA had some
measurement errors. Previous studies reported BIA could
overestimate FFM compared with DXA, and it was not
suitable in severely obese adolescents [37, 38]. However,
excluding 10 participants with morbid obesity [39] did not
materially change the results (data not shown). Furthermore,
a good correlation was confirmed in FFM derived by foot-
to-foot BIA and DXA (r = 0.95 in boys and 0.96 in gitls) in
Asian children [40].
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Conclusion

High FFM% was associated with a low baseline blood
pressure, slow increase in blood pressure over time, and low
hypertension risk in this community-based cohort of Chi-
nese children and adolescents. Although we observed a
positive association between high FFM and high blood
pressure, the association could be largely explained by body
weight. Further study with a longer follow-up duration and
detailed assessment of dietary data are warranted to repli-
cate our findings.
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