Received: 27 June 2019

Revised: 28 September 2019

'.) Check for updates

Accepted: 7 October 2019

DOI: 10.1111/jch.13723

ORIGINAL PAPER

WILEY

Body fat change and 8-year incidence of hypertension: Korean
Genome and Epidemiology Study

Sung-Bum Lee MD! | A-Ra ChoMD! | Yu-Jin Kwon MD?*® | Dong-Hyuk Jung MD, PhD?

'Department of Family Medicine, Yonsei
University College of Medicine, Gang-nam
Severance Hospital, Seoul, South Korea

2Department of Medicine, Graduate School
of Yonsei University College of Medicine,
Seoul, South Korea

3Department of Family Medicine, Yonsei
University College of Medicine, Yong-in
Severance Hospital, Gyeonggi-do, South
Korea

Correspondence

Dong-Hyuk Jung, MD, PhD, Associate
Professor, Department of Family Medicine,
Yonsei University College of Medicine, Yong-
in Severance Hospital, 225 Geumhakno,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17046
South Korea.

Email: balsan2@yuhs.ac

Funding information

Korean Genome and Epidemiology Study
(KoGES, Grant/Award Number: 4851-302

1 | INTRODUCTION

Abstract

Hypertension is strongly correlated with an increased risk of cardiovascular events.
Recent studies have demonstrated that body fat percentage (BF%) is associated with
cardiometabolic risk factors. The aim of this study was to investigate the association
between a change in BF% and body mass index (BMI) and the incidence of new-
onset hypertension in a normotensive Korean cohort. At baseline (2001-2002), 8848
participants aged 40-70 years were recruited for the study; follow-up surveys were
completed in the year 2012. A total of 3902 adults (1866 men and 2036 women)
were included in the final analysis. These subjects were divided into quartile groups
according to changes in BF% and were followed for 8.4 years to monitor for the
development of hypertension. A Poisson regression model was used to evaluate the
relative risk (RR) for hypertension according to BF% change quartile. Additionally, we
also stratified participants into four groups according to BMI change levels and body
fat change levels. Finally, we compared two factors, BF% change, and BMI change, to
determine which is more predictive of incident hypertension. In an adjusted model,
compared with the lowest BF% quartile group, the risk of new-onset hypertension
significantly increased with BF% change: Changes in risk were 0%-2.0% for quar-
tile 3 subjects (RR: 1.32 [1.06-1.63]) and 2.0%-8.9% for quartile 4 participants (RR:
1.78 [1.43-2.19]). We also revealed that the RR for new-onset hypertension was 1.81
(95% Cl: 1.47-2.21) for quartile 4 group subjects, compared with subjects in quartile
1 (change in BMI -6.80 to -0.86% [kg/mz]). Body fat gain and BMI increase were

predictors of hypertension in this community-based Korean cohort.

Body mass index (BMI) is the most commonly used indicator for

evaluating degrees of obesity. Many previous studies have shown

Hypertension, an important risk factor for cardiovascular dis-
ease,l is a major public health issue worldwide. The World Health
Organization (WHO) estimated that, worldwide, approximately 40%
of adults over the age of 25 had been diagnosed with hypertension
in 2008. The number of people with hypertension increased from
600 million in 1980 to 1 billion in 2008.2 In Korea, the estimated
prevalence of hypertension in 2017 was 27% in adults over the age
of 30% and 60% in older adults.® This increasing prevalence has
been attributed to aging and behavioral risk factors, such as excess
energy intake, physical inactivity, and obesity.

that higher BMI is associated with higher blood pressure*® and that
changes in BMI are related to incident hypertension in several pro-
spective cohort studies.®” However, BMI may not always be a reli-
able indicator of obesity, since increases in BMI may be the result of
not only fat mass increase but also muscle mass increase.® Recent
studies have demonstrated that body fat percentage (BF%) is a risk
factor for cardiovascular disease, including hypertension9; however,
studies on changes in BF% or comparisons with BMI are limited.
The aim of our study was to retrospectively examine associ-

ations for changes in BF% with the incidence risk of hypertension
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in a large-scale, community-based Korean cohort observed over
10 years. We also compared the efficacy of changes in BF% and BMI

for the prediction of hypertension risk.

2 | METHODS

2.1 | Study population

We used data from the Korean Genome and Epidemiology Study in
the Korean General Population (KoGES). This population-based ret-
rospective cohort study was designed to assess environmental and
lifestyle determinants for the prevalence and incidence of chronic
degenerative disorders, such as hypertension, diabetes, osteoporo-
sis, and cardiovascular disease. KoGES invited all adults in the rural
and urban areas of Ansung and Ansan in South Korea, where demo-
graphic shifts are infrequent, and the population can be followed
long-term, to participate in the study. Detailed information on the
study design and aims of the KoGES have been described in previous
studies. In brief, the baseline survey, carried out from June 2001 to
January 2003, included 8848 adults (3945 men and 4903 women)
aged 40-69 years. Study participants were invited to undergo a fol-
low-up visit biennially. Data from the baseline study to the sixth
examination from March 2011 to February 2013 were used in the
current study. All study participants were invited to participate in
the follow-up survey. Of the original 8848 participants, 2284 sub-
jects had hypertension at baseline; 1454 refused to participate in the

follow-up examination. We excluded the subjects with hypertension
at baseline and the 1454 subjects who had missing data. Those who
had not undergone bioelectrical impedance analysis (BIA) were also
excluded (n = 1206). The final sample size for the present analysis
was 3902 participants (1866 men and 2036 women) without hy-
pertension at baseline (Figure 1). The study protocol was approved
by the Institutional Review Board of Yonsei University College of
Medicine. All participants provided written informed consent to par-

ticipate in the survey.

2.2 | Data collection

At baseline and at the follow-up examination, study participants
completed a standardized medical history and lifestyle question-
naire and underwent a comprehensive health examination accord-
ing to standard procedures. Body weight and height were measured,
while participants were wearing light indoor clothing without shoes.
Blood pressure was measured from the right arm using a standard
mercury sphygmomanometer (Baumanometer) after the participant
had rested for at least 5 minutes in a quiet room. With the participant
seated, an appropriately sized cuff, chosen for each subject accord-
ing to mid-arm circumference, was applied snugly around the upper
right arm at the heart level. Two measurements separated by at least
5 minutes were made, and the mean of the two measurements was
used for analysis. Smoking status was determined based on self-re-

ports. Non-smokers were defined as participants who had smoked

8,848 individuals of KoOGES

Excluded

HTN at baseline (n=2,284)

Follow-up loss (n=1,454): absent from
the follow-up examination; incomplete
questionnaire; moving elsewhere
except for Ansung/Ansan

No fat measurement (n=1,206)

3,902 individuals
Men = 1,866 / Women =2,036

Mean follow-up: 8.4 years

New-onset HTN
1,182(30.2%)

FIGURE 1 Study population
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<100 cigarettes (<5 packs of cigarettes) in their lifetime. Current
smokers were defined as participants who had smoked 2100 ciga-
rettes in their lifetime and who reported “currently smoking” in the
questionnaire. Former smokers were defined as participants who
had smoked 2100 cigarettes in their lifetime, but reported that they
“abstain from smoking” on the questionnaire. A venous blood sam-
ple was drawn from study participants after fasting for 212 hours
or overnight. Fasting glucose was determined by a glucose oxidase-
based assay. Serum concentrations of low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, and triglyc-
erides (TG) were determined by enzymatic methods (Advia 1650,
Bayer). We used the 2018 Korean guidelines for the management of
hypertension: systolic blood pressure 2140 mm Hg or diastolic blood
pressure 90 mm Hg.® We also used the WHO's diagnostic criteria
for type 2 diabetes mellitus (T2DM): 8-hour fasting blood glucose
(FBG) 27.0 mmol/L (126 mg/dL) or HbA1c level 26.5%.™ In addition,
subjects who reported undergoing hypoglycemic therapy during the
follow-up period were considered to have new-onset T2DM. The

details of the design and procedures have been described previously.

2.3 | Statistical analysis

All analyses were performed using SAS version 9.2 (SAS Institute). P
values < .05 were considered statistically significant. Baseline charac-
teristics of the study population according to BMI were compared using
an independent t test or the Mann-Whitney U test for categorical vari-

ables. Continuous variables with normal distributions were expressed

WILEY- %

as a mean standard deviation. Since triglyceride levels were markedly
skewed, they are expressed as a median instead of a mean. To inves-
tigate the relationship between baseline BMI and hypertension, we
divided the study population into the following four groups: reference,
overweight, obesity, and severe obesity. The basic characteristics of
the study population according to BMI were compared using one-way
analysis of variance for continuous variables and the chi-square test
for categorical variables. Multivariable logistic regression was used
to assess the association of baseline obesity with hypertension. We
adjusted for age, diabetes, hypertension, smoking, systolic blood pres-
sure, diastolic blood pressure, fasting glucose, total cholesterol, triglyc-
erides, HDL cholesterol, and eGFR. We also assessed the association
of changes in BMI and BF% levels with new-onset hypertension. BMI
change was calculated as “BMl at 1st period survey—end point BMI” or
“BMl at 1st period survey—BMlI at the period when subjects were diag-
nosed with hypertension.” BF% change was calculated “BF% at 1st pe-
riod survey—end point BF%" or “BF% at 1st period survey—BF% at the
period when subjects were diagnosed with hypertension.” We divided
the study population into quartiles according to BMI change and BF%
change during follow-up periods. The cutoff values were -0.86%, 0%,
and 0.91% for BMI change and -2.1%, 0%, and 2.0% for BF% change.
We developed two different models to estimate the risk of new-onset
hypertension: The basic model was based on parameters shown to be
associated with hypertension: age, gender, systolic BP, diastolic BP,
fasting blood sugar, total cholesterol, and smoking history. The body
fat change model (Figure 2A) was created by adding BF% change in
the basic model; the BMI change model (Figure 2B) entailed adding

A

Body Fat Change

Sensitivity

00 02 04 06 08 10

1 - Specificity

B

BMI Change
1.0 e

W
od

0.4 /

02|

Sensitivity
\

00 02 04 06 08 10

1 - Specificity

FIGURE 2 ROC curve defining cutoff values predicting incidence of hypertension, presenting the predictive power for incident
hypertension according to body fat change (A) and for incident hypertension according to BMI change (B)
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BMI change instead of BF% change. For each model, the area under
a receiver operating curve (AROC) was calculated. We also calculated
cutoff values, which were defined as that closest to the upper left cor-
ner. The probabilities of new-onset hypertension for BF% change and
BMI change are presented with smooth spline curves using R package
version 3.4.2 (Institute for Statistics and Mathematics).

3 | RESULTS

The baseline characteristics of the study population according to
body mass index are shown in Table 1. eGFR level was lower in
subjects with severe obesity than in those with normal weight.
Total cholesterol and triglyceride levels were higher in subjects
with severe obesity than in those with normal weight. HDL cho-
lesterol was lower in subjects with severe obesity than in subjects
with normal weight. The percentage of current smokers was lower
in subjects with severe obesity than in those with normal weight.
Also, systolic/diastolic blood pressure, participants who had hy-
pertension and diabetes, and had taken dyslipidemia or hyperten-

sion medication, was higher in participants with severe obesity

than in those of normal weight. Table 2 demonstrates odds ratios
(ORs) and 95% Cls for risk of hypertension according to severity

I,12 we set the normal

of baseline BMI. According to the journa
range of BMI 18.5-22.9 kg/m2. Compared with subjects in the nor-
mal weight group for baseline BMI group (18.5-22.9 kg/m?), the
ORs for subjects grouped in the severe obesity group (30.0-kg/
m?) were 4.91 (3.91-6.17) after adjusting for age and gender; 2.13
(1.52-2.97) after adjusting for age, gender, systolic blood pressure,
diastolic blood pressure, and smoking history; and 1.81 (1.29-2.56)
after adjusting for age, gender, systolic blood pressure, diastolic
blood pressure, smoking history, fasting glucose, total cholesterol,
HDL cholesterol, and eGFR. Table 3 presents the ORs for risk of
hypertension according to BF% in men and women. According
to guidelines on BF%,'® we set the normal range of body fat of
BMI 18.5-22.9 kg/m?2. In Table 3, compared with men in the nor-
mal range of BF% group (13%-24%), men in the third tertile of
BF% showed ORs of 2.50 (1.97-3.16) after adjusting for age; 1.88
(1.33-2.67) after adjusting for age, systolic blood pressure, and
diastolic blood pressure; and 1.60 (1.11-2.30) after adjusting for
age, systolic blood pressure, diastolic blood pressure, smoking his-

tory, diabetes, fasting glucose, total cholesterol, HDL cholesterol,

TABLE 1 Baseline characteristics of the study population according to body mass index

Normal (BMI Overweight (BMI
18.5-22.9) 23.0-24.9)

No. subjects (%) 2566 2322
Age (years) 524 +9.4 51.7 £ 8.8
BMI (kg/m?) 21.4+1.2 24.0+0.6
Estimated GFR 87.7 +16.0 85.1+15.6
Gender, male n, (%) 1248 (50.9) 1075 (48.1)
Fasting glucose (mg/dL) 84.7 £20.9 87.4+22.0
Total cholesterol (mg/dL) 190.4 + 34.7 199.0 + 37.2
Triglyceride (mg/dL) 104 (75-145) 124 (89-184)
HDL cholesterol (mg/dL) 53.3+12.6 49.2+11.3
Smoking status, n (%)

Never 1357 (55.3) 1334 (59.6)

Current 757 (30.8) 550 (24.6)

Ex 340(13.9) 353(15.8)
Systolic BP (mm Hg) 117.2+18.2 119.6 + 18.6
Diastolic BP (mm Hg) 769 +11.8 789 +11.8
Hypertension, n (%)? 537 (21.9) 613 (27.4)
Diabetes, n (%)° 216 (8.4) 257 (11.1)
Medications, n (%)

Dyslipidemia 5(0.2) 21(0.9)

Hypertension 159 (6.2) 63(2.7)

Diabetes 85(3.3) 93 (4.0)

Obese (BMI Severe_Obesity (BMI

24.9-29.9) 30.0-) P-valuet
3352 440

52.2+8.6 524 +8.6 .63
26.8+1.3 31.7+138 <.001
83.7+15.6 82.8+14.5 <.001
1509 (47.3) 113(27.2) <.001
89.7+22.1 86.2+12.2 <.001
205.0 +36.5 208.4 + 38.5 <.001
146 (102-210) 153 (108-226) <.001
46.7 £ 10.6 46.8 +10.5 <.001
1904 (59.6) 322(77.6) <.0001
736 (23.1) 54 (13.0)

552 (17.3) 39(9.4)

123.7 £ 18.5 130.5 £ 20.5 <.001
82.2+11.8 86.2+12.2 <.001
1291 (40.4) 218 (52.5) <.001
531(15.8) 99 (22.4) <.001
27(0.8) 4(0.9) .010
597 (17.8) 119 (27.1) <.001
147 (4.4) 24 (5.4) .108

Note: All data are presented as mean + SD, proportions, or medians (interquartile ranges) for skewed variables.

Abbreviations: BMI, body mass index; BP, blood pressure.

P value was calculated by one-way ANOVA for continuous variables and chi-square test for categorical variables.
?Hypertension was defined as a systolic BP > 140 mm Hg, diastolic BP > 90 mm Hg, or previous use of antihypertensive medication.
PDiabetes was defined as fasting plasma glucose level = 126 mg/dL or use of hypoglycemic agent or insulin.
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triglycerides, and eGFR. Meanwhile, compared with women in the
normal range of BF% group (25%-36%), those in the third tertile of
BF% showed ORs of 3.23 (2.29-4.55) in model 1; 2.18 (1.36-3.50)
after adjustment in model 2; and 1.91 (1.18-3.10) after adjustment
in model 3. Table 4 shows the results of Poisson regression model
analysis of the associations between change in BMI and BF% with
new-onset hypertension. Compared with participants in the first
quartile of BMI change (-6.80% to -0.86%), the relative risks for
subjects categorized in the highest quartile were 1.62 (1.33-1.98)
after adjusting for age and gender; 1.64 (1.34-2.00) after adjusting
for age, gender, systolic blood pressure, diastolic blood pressure,

TABLE 2 Odds ratios and 95% confidence intervals for risk of
baseline hypertension according to severity of baseline body mass
index (BMI)

Model 1 OR Model 2 OR Model 3 OR
(95% ClI) (95% Cl) (95% CI)
Body mass index
Normal 1.00 1.00 1.00
(18.5-22.9 kg/m?)
Overweight 1.50 1.35 1.26
(23.0-24.9 kg/m?) (1.18-2.04) (1.10-1.67) (1.53-2.96)
Obesity 2.79 2.16 1.92
(25.0-29.9 kg/m?) (1.18-2.04) (1.79-2.60) (1.59-2.33)
Severe_Obesity 491 2.13 1.81
(30.0-kg/m?) (3.91-6.17) (1.52-2.97) (1.29-2.56)

Note: (Adjusted R-squared = 0.693)

Model 1: Adjusted for age and gender.

®Model 2: Adjusted for age, gender, systolic blood pressure, diastolic
blood pressure, and smoking.

‘Model 3: Adjusted for age, gender, diabetes, hypertension, smoking,
systolic blood pressure, diastolic blood pressure, fasting glucose, total
cholesterol, triglycerides, eGFR, and HDL cholesterol.

TABLE 3 Odds ratios and 95%
confidence intervals for risk of baseline
hypertension according to baseline body
fat percentage

Men (N = 3292)
Body fat percentage
40-69y

and smoking history; and 1.81 (1.47-2.21) after adjusting for age,
gender, systolic blood pressure, diastolic blood pressure, smoking
history, glucose, diabetes, hypertension, total cholesterol, HDL
cholesterol, triglycerides, and eGFR. Hypertension incidence per-
centage increased as change in BMI quartile increased. Compared
with the lowest quartile, the relative risks (95% Cl) for incidence
of hypertension were 1.00 (0.86-1.23) for Q2, 1.07 (0.88-1.32)
for Q3, and 1.64 (1.34-2.00) for Q4 after adjusting for age, gen-
der, systolic blood pressure, diastolic blood pressure, and smok-
ing history. After additional adjustment for BMI, fasting glucose,
diabetes, hypertension, total cholesterol, HDL cholesterol, triglyc-
erides, and eGFR, the relative ratios (95% confidence intervals)
for incidence of hypertension were 1.07 (0.87-1.31) for Q2, 1.16
(0.95-1.43) for Q3, and 1.81 (1.47-2.21) for Q4. ROC curves for
multivariate models are presented in Figure 2. According to the
ROC curve analysis, the optimal cutoff point of Figure 2.A was
0.297, with a sensitivity of 0.699, a specificity of 0.697, and an
AUC of 0.775 (0.759-0.790). The optimal cutoff point of Figure 2.B
was 0.298, with a sensitivity of 0.700, a specificity of 0.699, and
an AUC of 0.775 (0.759-0.791), which showed that both factors
had high predictive power. We also investigated the continuous
relationship between BF% and BMI change and development of
hypertension. The hazard ratios of hypertension (with 95% Cl) for
between BF% and BMI change are presented with smooth spline
curves (Figure 3). We found an increasing trend in the incidence of

hypertension with higher body fat and BMI.

4 | DISCUSSION

In this large retrospective, community-based KoGES cohort study,
we found that body fat and BMl increases were associated with new-

onset hypertension. These associations remained after adjusting for

Model 1 RR(95% Cl) Model 2RR(95% Cl)  Model 3 RR (95% Cl)

Q1 (13.0%-23.9%)

Q2 (24.0%-28.9%)

Q3 (29.0%-40.0%)
Women (N = 3492)

Body fat percentage
40-69y
Q1 (25.0%-35.9%)

Q2 (36.0%-40.9%)

Q3 (41.0%-49.9%)

1.00
1.81(1.53-2.14)
2.50(1.97-3.16)

Model 1 RR (95% CI)

1.00
1.52(1.26-1.84)
3.23(2.29-4.55)

1.00
1.56 (1.22-2.00)
1.88(1.33-2.67)

Model 2 RR (95% Cl)

1.00
1.09 (0.83-1.42)
2.18 (1.36-3.50)

1.00
1.43(1.10-1.85)
1.60(1.11-2.30)

Model 3 RR (95% Cl)

1.00
1.01(0.77-1.32)
1.91(1.18-3.10)

Note: (Adjusted R-squared = 0.675 in men and 0.697 in women)

®Model 1: Adjusted for age

PModel 2: Adjusted for age, systolic blood pressure, diastolic blood pressure, and smoking.
“Model 3: Adjusted for age, systolic blood pressure, diastolic blood pressure, smoking, diabetes,
fasting glucose, total cholesterol, HDL cholesterol, triglycerides, and eGFR.
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potential surrogate markers for hypertension. Our results are con-
sistent with emerging evidence demonstrating that BMI increase
leads to elevation of blood pressure.14 Moreover, our study showed
that body fat changes are also positively associated with blood pres-
sure. Some explanatory biological mechanisms may be offered.
Nitric oxide (NO) availability, an important factor regulating

5 is reduced in obese subjects and obesity-related

vascular tone,'
hypertensive patients. Reduced NO availability is also responsible
for increased vascular oxidative stress. Obesity induces increased

exposure to fatty acids and generation of superoxides and results

Model 1 RR (95% CI) Model 2 RR (95% Cl)

BMI change
Q1 Loss (-6.80 to -0.86)  1.00 1.00

Q2 Loss (-0.86 to 0)
Q83 Gain (0 to 0.91)
Q4 Gain (0.91 to 13.2)

Body fat change

Q1, Loss (-7.0% to -2.1%)

Q2 Loss (-2.1% to 0%)
Q3 Gain (0% to 2.0%)
Q4 Gain (2.0 - 8.9%)

0.98 (0.807-1.21)
1.07 (0.88-1.31)
1.62(1.33-1.98)

1.00

1.11 (0.90-1.37)
1.23(1.01-1.52)
1.63(1.32-2.00)

1.00(0.86-1.23)
1.07 (0.88-1.32)
1.64(1.34-2.00)

1.00

1.10(0.89-1.36)
1.25(1.02-1.55)
1.62(1.32-2.00)

Model 1: Adjusted for age and gender.

in uncoupling activation, reflecting a significant impairment in mito-
chondrial oxidative capacity.!® Weight gain results in the activation
of this metabolic effect. To compensate for weight gain, presynap-
tic secretion of norepinephrine occurs. Since norepinephrine is di-
rectly recorded at sympathetic nerves, these nerves are activated.”
Indeed, the presence of obesity and hypertension has been found
to exhibit associations with sympathetic nervous system activation
in pathophysiological conditions.'® Meanwhile, microneurographic
studies have shown that sympathetic activation is associated with

visceral body fat distribution,*” as well as waist circumference of

TABLE 4 Relative risk and 95%

confidence intervals for risk of new-onset
hypertension according to change of body
1.00 mass index (BMI) and body fat percentage

Model 3 RR (95% Cl)

1.07 (0.87-1.31)
1.16 (0.95-1.43)
1.81(1.47-2.21)

1.00

1.12(0.91-1.34)
1.32(1.06-1.63)
1.78(1.43-2.19)

"Model 2: Adjusted for age and gender, systolic blood pressure, diastolic blood pressure, and

smoking.

‘Model 3: Adjusted for age, gender, diabetes, hypertension, smoking, systolic blood pressure, dia-
stolic blood pressure, fasting glucose, total cholesterol, triglycerides, eGFR, and HDL cholesterol.

A

Cox Proportional Hazard Model

0.25 4

020 4

Probability of New-onset Hypertension

-10 -5 0 5 10

Body Fat Change

Cox Proportional Hazard Model

03 -

Probability of New-onset Hypertension
o
e

-10 -5 0 5 10

BMI Change

FIGURE 3 Relative hypertension incidence according to body fat change and BMI change. A, Probability of hypertension for body fat

change. B, Probability of hypertension for BMI change
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waist-to-hip ratio.?% The activation of the kidney's sympathetic ner-
vous system has been observed in obesity because of the renal tu-
bular re-absorption of sodium.?! This sympathetic nervous system
activation results in vascular or tubular compression and glomeru-
losclerosis. As nephrons are damaged, hyperfiltration is increased.?!
Increased hyperfiltration may induce an adipokine-induced incre-
mental increase in mineralocorticoids, specifically aldosterone.??
Sympathetic outflow to the kidneys can also result in activation of
the renin-angiotensin system. In obese subjects with hypertension,
angiotensin 2 receptor blockers can reduce sympathetic nerve ac-
tivation and blood pressure.?® Leptin and adiponectin are the most
important adipocyte factors controlling blood pressure by regulat-
ing arterial tone. Leptin increases energy expenditure and decreases
appetite,?* and some studies have shown that leptin levels can be
predictive of the onset of hypertension.25 Also, recent studies report
that the renin-angiotensin system mediates the effects of leptin on
renal sympathetic activity and combustion of brown adipose tissue.
Therefore, the renin-angiotensin system could mediate the action
of leptin on energy expenditure and blood pressure.?® Adiponectin,
a potential antihypertension protective agent, is reduced in obese
subjects.z“'27

Despite our recruitment of a large number of subjects extracted
from the 8848 participants, adjustment for confounding factors, and
10-year follow-up, this study has some limitations. First, BMl is not a
perfect index of obesity; variations in lean body mass, including bone
mass and muscle mass, affect BMI. The measurement of fat mass
using the principle of bioelectrical impedance analysis, which sug-
gests that electrical current flows faster in muscle than fat mass, can
be biased if participants have residual urine or consume a meal before
measuring BMI. To minimize this error, subjects were measured after
fasting and voiding. Second, the study does not account for other
metabolic origins of weight change such as new-onset cancer, hypo-
thyroidism, and Cushing's syndrome. Third, the ethnic and regional
homogeneity of the study population is a limitation. The subjects are
Koreans, particularly from Ansung and Ansan, Korea. Generalization
of findings to the entire Asian population is difficult. These findings
need to be confirmed for other regions and other ethnic groups.
Fourth, our analyses partially rely on past history questionnaires (eg,
cancer history, baseline hypertension history, and smoking history).
Underreporting by those with a history of smoking or cancer is pos-
sible. Fifth, the reasons for weight loss are variable. For example,
weight loss associated with physical training is beneficial to health.
However, weight loss due to cancer or malnutrition is harmful. Also,
weight loss does not reflect individualized socioeconomic and health
state. Sixth, the reasons for the changes in BMI and body fat of the
participants are not clear. Seventh, there were differences (eg, age,
BMI, BPs) between subjects with follow-up loss or missing data and
those included in this analysis. Therefore, there might be selection
bias in the current study. Finally, newly diagnosed hypertension may
be underestimated as this may have occurred after follow-up loss
or completion of the 10-year follow-up period. Nevertheless, this
study has many advantages compared with previous studies. Several
studies have investigated the association of BMI or fat percentage
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and hypertension.?®?? Channanath et al?® reported that BMI is asso-
ciated with hypertension: Specifically, risk of hypertension increases
with obesity levels and is higher in patients with diabetes than in

12? showed an association be-

patients without diabetes. Ukawa et a
tween BMI at 65 years of age and the development of hypertension
during the subsequent 5 years. However, most of these studies were
cross-sectional and conducted in small populations with only short-
term follow-up data. Tests with predictive values of elevated risk of
development of hypertension prior to development of clinical symp-
toms are of increasing clinical importance because regular health
checkups are becoming widely common.’® Additionally, hyperten-
sion is a significant prognostic factor of many diseases, including
chronic kidney disease,®! arterial aneurysmal rupture, cerebral vas-
cular accidents,®? and cardiovascular disease.?® Many studies have
shown associations for hypertension with these diseases, and the
importance of controlling blood pressure has been emphasized for
preventing such diseases. There are many causes of hypertension
including age, fasting glucose, excessive sodium diet, cholesterol,
smoking history, and diabetes mellitus.®4%¢ Furthermore, fat mass
is also known as a risk factor for hypertension.®” Finally, we found
a predictor of hypertension using BMI and BF%. A unique aspect of
our study is that we suggest that a change in BMI and fat percentage
is an appropriate predictor hypertension incidence. We have verified
that these two factors affect the incidence of hypertension in the
long-term retrospective KoGES cohort study.

In conclusion, BMI and BF% were proportional to the incidence
of hypertension in KoGES study subjects. This suggests that in-
creased BMI and BF% can play a role in early prediction of hyperten-
sion. These findings justify genetic studies of risk factors related to
BMI and BF% and their associations with hypertension in Koreans.
The findings may spur detailed studies of hypertension prevention

methods that include the use of dietary agents.
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