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Abstract 

Few data are available regarding the influence of body phenotype on systemic hypertension 

(SH) and whether cardiorespiratory fitness (CRF) attenuates this relation. We tested the 

hypothesis that obesity phenotypes and CRF would predict incident hypertension, evaluating 

3800 Korean men who participated in 2 health examinations between 1998 and 2009. All 

participants were normotensive at baseline and divided into 4 groups based on body mass 

index (BMI) using the Asia-Pacific descriptors for obesity and metabolic health status and the 

ATP-III criteria. Metabolically healthy obese (MHO) phenotype was defined as BMI ≥25 

kg/m
2
 with <2 metabolic abnormalities. CRF was directly measured by peak oxygen uptake 

(VO2peak) and participants were divided into unfit and fit categories based on age-specific 

VO2peak percentiles. Incident SH was defined as resting systolic or diastolic blood pressure 

≥140/90mmHg and/or diagnosed by a physician at the second examination. Compared with 

the metabolically healthy non-obese (MHNO) phenotype, MHO and metabolically unhealthy 

non-obese (MUNO) phenotypes were at increased risk for SH (relative risk (RR) = 1.47, 95% 

confidence interval (CI): 1.07-2.02 and 1.62, 1.21-2.16) after adjusting for potential 

confounders. Fit men had a 21% decreased relative risk of incident SH compared with unfit 

men in a multivariable adjusted model. Joint analysis showed that MHO or MUNO unfit men 

had 1.91 and 2.27 greater risk of incident SH, respectively. However, MHO fit men had no 

significant RR of incident SH (RR 1.37 95% CI, 0.93-2.03), whereas MUNO fit men 

remained at increased risk (RR 1.48 95% CI, 1.04-2.11) as compared with their MHNO fit 

counterparts. In conclusion, MHO and MUNO men were at increased risk of SH, but these 

risks were attenuated by fitness in the former cohort. These findings may partially explain the 

association between the MHO phenotype and more favorable cardiovascular outcomes. 

Key words: metabolically healthy obesity, hypertension, cardiorespiratory fitness. 
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Metabolically healthy obese (MHO) individuals comprise a cohort of the obese population 

who do not have metabolic abnormalities and are at relatively low risk for cardiovascular 

disease (CVD).
1
 Metabolically unhealthy non-obese (MUNO) individuals, who are of normal 

weight but with abnormal metabolic profiles, appear to be at greater risk for CVD.
2‒4

 Some 

studies have suggested that MHO and/or MUNO are at increased risk of incident systemic 

hypertension (SH),
5‒8

 but potential confounding variables were not adequately accounted for 

in these reports. Cardiorespiratory fitness (CRF), an important confounding variable in body 

phenotype cohorts,
9,10

 is inversely associated with obesity and metabolic risk factors.
11

  

Although high fitness may favorably modify the prognosis of MHO and MUNO 

individuals,
10,12,13

 the inclusion of CRF along with metabolic parameters and body habitus 

may help to clarify the relative contribution of fitness to long term health outcomes.
14

 

Because fitness reduces the risk of SH independent of obesity and metabolic 

abnormalities,
15,16

 the impact of CRF on the association between body phenotype and risk of 

SH needs clarification. We tested the hypothesis that body phenotype is associated with the 

risk of incident SH, but that CRF modifies these associations.  

METHODS  

A total of 5616 men participated in 2 general health examinations between 1998 and 

2009 at the Samsung Medical Center, Seoul, South Korea. Among them, participants with a 

diagnosis of SH (i.e., resting systolic and/or diastolic blood pressure (SBP/DBP) ≥140 or ≥90 

mmHg), type 2 diabetes mellitus (i.e., fasting glucose >126 mg/dl), history of CVD, and the 

use of antihypertensive or oral hypoglycemic medications were excluded. After applying 

these exclusion criteria, 3800 men (mean age 48±6 years, range 20-76 years) remained for 

analyses. Written informed consent was obtained from all participants before the health 
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screening program, and the study was approved by the medical center institutional review 

board.  

All participants underwent progressive cardiopulmonary exercise testing (CPX) to 

determine peak oxygen uptake (VO2peak) (Jaeger Oxycon Delta, Eric Jaeger, Hoechberq, 

Germany) using methods previously described.
17

 The metabolic profile was partially obtained 

from blood samples collected after a 12 h overnight fasting state.
17

 Blood pressure was 

measured during seated rest using an automated blood pressure monitor after 5 min of quiet 

rest (Dinamap PRO 100, Milwaukee, WI). Incident SH was defined as SBP/DBP ≥140/90 

mmHg and/or diagnosed SH by a physician at the second examination. Body composition 

(relative body fatness in %) was measured using bioelectrical impedance and body mass 

index (BMI) was calculated as weight (kg) divided by height squared (m
2
). Smoking habits 

and alcohol intake were evaluated via self-reported questionnaires. 

All participants were divided into 4 groups based their BMI by the Asia-Pacific 

criteria for obesity and metabolically unhealthy categorization using the ATP-III criteria (i.e., 

blood pressure >130/85 mmHg, high density lipoprotein cholesterol (HDL-C) <40 mg/dl, 

triglyceride (TG) >150 mg/dl, and glucose >100 mg/dl). Definitions of metabolically healthy 

or unhealthy in non-obese and obese cohorts were as follows: metabolically healthy non-

obese (MHNO) - BMI <25 kg/m
2
 with ≤1 metabolic abnormality, MUNO - BMI <25 kg/m

2
 

with ≥2 metabolic abnormalities, MHO - BMI ≥25 kg/m
2
 with ≤1 metabolic abnormality, and 

metabolically unhealthy obese (MUO) - BMI ≥25 kg/m
2
 with ≥2 metabolic abnormalities. 

VO2peak was divided into tertiles and classified into unfit (lowest tertile) and fit (middle and 

upper tertiles) categories based on age-specific VO2peak percentiles as previously described.
18

 

We further divided our study population into 8 groups based on cross-classification of 

metabolic health, body habitus phenotypes and CRF.  
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Data are presented as mean ± SD or median interquartile range for continuous 

variables and proportions for categorical variables. For group comparisons by body habitus 

phenotypes, variables were assessed using an ANOVA with Scheffe’s post hoc and χ
2
 tests 

for continuous and categorical variables, respectively. To determine the associations between 

body habitus phenotypes and fitness status with incident SH, relative risks (RRs) and 95% CI 

(95% CIs) from the Cox proportional hazards regression models were calculated after 

adjusting for age, % body fat, low density lipoprotein cholesterol, white blood cell, uric acid, 

smoking, alcohol consumption and fitness (when body habitus phenotype was considered) or 

body habitus phenotype (when fitness was considered). The joint effects of body habitus and 

fitness on the risk of SH was examined using combined groups. Participants were divided 

into groups based on metabolic health and body habitus phenotypes (MHNO, MUNO, MHO, 

and MUO) and CRF (fit and unfit). MHNO-fit was used as the reference group. Statistical 

significance was set at p <0.05, and analyses were conducted using the SPSS 22.0 (SPSS, 

Armonk, NY).   

RESULTS  

Table 1 shows the characteristics of participants by metabolic health (i.e., healthy or 

unhealthy), with the prevalence of non-obese and obese phenotypes. We found that 21.1% 

and 17.8% among the participants were classified as MHO and MUNO, respectively. 

Individuals with MHO or MUNO had greater relative BMI, waist circumference, body 

fatness, SBP/DBP, total cholesterol, triglyceride, glucose, white blood cell and uric acid, but 

lower high density lipoprotein cholesterol and CRF than men who were categorized as 

MHNO. Compared with the MUO individuals, the MHO individuals had lower relative 

SBP/DBP, triglyceride, glucose and uric acid, but greater high density lipoprotein cholesterol.  
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During an average follow-up of 5 years, 371 (9.8%) men developed SH. Compared 

with MHNO individuals, MHO and MUNO individuals demonstrated a 1.47-fold and 1.62-

fold increased risk for SH, respectively, after adjusting for potential confounders. In addition, 

fit men had a 21% reduced risk of incident SH compared with unfit men in our multivariable 

adjusted model (Table 2).   

Combined analysis showed that unfit MHO or MUNO men had greater risk of 

incident SH as compared with their fit MHNO counterparts (reference group) after adjusting 

for potential confounders (RR: 1.91, 95% CI, 1.25-2.92 or RR: 2.27, 95% CI, 1.51-3.40, 

respectively) (Figure 1). However, fit MHO men had no significantly greater risk for incident 

SH (RR 1.37, 95% CI, 0.93-2.03) than did fit men who comprised the MHNO cohort. Fit 

MUNO men had a lower risk of incident SH than their unfit peers, but the risk remained 

higher (RR 1.48, 95% CI, 1.04-2.11) than their MHNO fit counterparts (Figure 1). 

DISCUSSION 

Two main findings from the present study are that MHO and MUNO men were at 

increased risk of SH as compared with the MHNO group. However, these risks were 

attenuated by moderate-to-high levels of CRF in MHO, but not in MUNO men, compared to 

their fit MHNO counterparts.  

Obese individuals have a higher risk of incident SH than normal-weight individuals, 

but not all obese individuals become hypertensive,
19

 which highlights the heterogeneity of 

obesity relative to the development of SH.
20

 The risk of SH in obese individuals depends on 

the individual’s body habitus with and without metabolic abnormalities. The present findings 

are compatible with those previously reported in that MHO was associated with an increased 

risk of incident SH
5‒8

 as compared with MHNO individuals.  
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However, the risk for incident SH in MHO men was significantly reduced by 

increasing fitness levels in the present study. Ortega et al
12

 reported that CRF, defined as the 

total duration of symptom-limited treadmill exercise testing, favorably modified the 

associations between MHO phenotypes and all-cause mortality, non-fatal and fatal CVD, and 

cancer mortality. We found that unfit MHO men had a greater risk for incident SH as 

compared with fit MHNO men, but fit MHO men had no significant increased risk of incident 

SH than their fit MHNO counterparts. These data suggest that fitness may partially explain 

the association between MHO phenotype and the risk of SH. Similarly, we previously 

demonstrated that MHO men had a higher prevalence of subclinical carotid atherosclerosis as 

compared with MHNO men; however, these findings were also attenuated by increasing 

levels of fitness.
13

 Our results are consistent with these findings, and further extend the role 

of CRF in determining the impact of MHO on cardiovascular outcomes,
10

 with specific 

reference to incident SH as an early risk factor for CVD. These results may help to clarify the 

fact that MHO men with higher fitness levels have better cardiovascular outcomes than unfit 

MHO men. Accordingly, studies on the relation between MHO and cardiometabolic 

outcomes should consider the individual’s fitness as an important confounding variable. To 

our knowledge, this is the first study to clarify the role of CRF in the association between 

MHO and incident SH. However, further studies needed to confirm these results and other 

cardiovascular outcomes.  

Our results showed that MUNO individuals are at a greater risk for incident SH. Even 

non-obese individuals with increased cardiometabolic risk factors appear to be at greater risk 

for incident SH, as compared with MHNO individuals. The present findings are consistent 

with previous studies that reported increased risk of incident SH in MUNO as compared with 

MHNO.
7,8

 In contrast, other studies have reported that MUNO adults,
5
 children and 
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adolescents
6
 had no increased risk of incident SH. We believe that age and follow-up 

duration differences may, at least in part, be responsible for the conflicting data in the 

literature, and suggest the need to further clarify the associations between MUNO and 

incident SH after considering previously unaccounted for potential confounders.  

In the present study, fit MUNO men demonstrated an attenuated the risk of incident 

SH (1.5 times) as compared with unfit MUNO men (2.3 times), and the risk persisted when 

compared with their fit MHNO counterparts. Although the protective effect of fitness was 

observed in MUNO men, it did not completely eliminate the increased risk in this phenotype. 

These findings suggest that fitness may be less effective in MUNO individuals in attenuating 

incident SH. Clearly, additional studies are needed to further clarify these results with other 

cardiometabolic outcomes. 

We acknowledge several limitations to our study. Because our participants included 

only men, we were unable to determine whether this association extends to women. Although 

we adjusted for potential confounders, it is possible that residual variables that we did not 

measure may have influenced these associations. In addition, we defined fitness using 

dichotomized fit and unfit categories based on age- and gender-specific values of VO2peak. 

Although this approach may be somewhat subjective, both estimated and directly measured 

exercise capacity has been shown to strongly predict mortality and health outcomes. Finally, 

we defined the MHO phenotype by BMI ≥25 kg/m
2
 using the Asia-Pacific descriptors for 

obesity and metabolic health status via ATP-III criteria. However, varied criteria have been 

put forth to characterize this phenotype. 

In summary, our results demonstrate that compared with MHNO, MHO and MUNO 

men were at increased risk for incident SH, but that the likelihood of future SH was reduced 
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by higher levels of fitness in MHO individuals. High fitness may partially explain why some 

MHO individuals are largely protected against the risk of cardiovascular and other chronic 

diseases.  
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FIGURE LEGEND 

Figure 1. The combined effect of the obesity phenotypes and cardiorespiratory fitness on the 

incidence of systemic hypertension (Relative Risks and 95% CIs) after adjustment for age, % 

body fat, low density lipoprotein cholesterol, white blood cell, uric acid, smoking and alcohol 

consumption. 
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Table 1. Baseline characteristics of participants by metabolic health and body habitus 

phenotypes (n = 3800). 

Variables 
MHNO  

(n=1726) 

MUNO  

(n=677) 

MHO  

(n=803) 

MUO  

(n=594) 
p-value 

Age (years) 47.7±6.5 48.3±6.1 47.8±6.2 47.5±6.2 0.146 

Body mass index (kg/m
2
) 22.8±1.7 23.3±1.3

a
 26.7±1.5

a,b 
26.8±1.4

a,b
 <0.001 

Waist girth (cm) 82.5±5.5 84.5±4.2
a
 91.2±5.1

a,b
 91.6±4.4

a,b
 <0.001 

Body fat (%) 19.7±3.9 21.1±3.5
a
 24.8±3.6

a,b
 24.8±3.5

a,b
 <0.001 

Current smokers 24.8% 21.1% 30.0% 29.1%  0.102 

Alcohol intake (3d/wk) 5.2% 4.4% 6.1% 5.2%  0.390 

Systolic blood pressure 

(mmHg) 
114±11 122±12

a
 116±10

a,b
 121±12

a,c
 <0.001 

Diastolic blood pressure 

(mmHg) 
73±8 79±8

a
 74±8

a,b
 78±9

a,c
 <0.001 

Total cholesterol (mg/dl) 197±33 205±34
a
 204±33

a
 207±34

a
 <0.000 

High density lipoprotein 

cholesterol (mg/dl) 
53±11 46±11

a
 50±10

a,b
 42±9

a,b,c
 <0.001 

Low density lipoprotein 

cholesterol (mg/dl) 
124±30 126±32 131±30

a,b
 129±32

a
 <0.001 

Triglyceride (mg/dl) 116±52 195±93
a
 133±64

a,b
 210±98

a,b,c
 <0.001 

Glucose (mg/dl) 92±9 100±10
a
 94±9

a,b
 101±10

a,c
 <0.001 

White blood 

cell (×10
9
cells/l) 

5.8±1.6 6.2±1.6
a
 6.1±1.5

a
 6.3±1.5

a
 <0.001 

Uric acid (mg/dl) 5.6±1.1 5.9±1.1
a 

5.9±1.1
a
 6.2±1.3

a,b,c
 <0.001 

Peak oxygen consumption 

(ml/kg/min)  
35.9±5.1 34.9±5.1

a
 34.0±4.8

a,b
 33.5±4.5

a,b <0.001 

MHNO: metabolically healthy non-obese, MUNO: metabolically unhealthy non-obese, 

MHO: metabolically healthy obese,  

MUO: metabolically unhealthy obese. 
a
p <0.05 vs. MHNO, 

b
p <0.05 vs. MUNO, 

c
p <0.05 

vs. MHO   
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Table 2. Relative risk (95% CI) of incident hypertension across metabolic health status and body mass index (n = 3800).  

Variables 
n 

No. (Incidence) 
Age adjusted 

RR (95% CI) 

Multivariable adjusted  

RR (95% CI) 

 

Obesity phenotypes 

 

 
   

 

   Metabolically healthy non-obese 1726 116 (6.7%) 1 (ref) 1 (ref)  

   Metabolically unhealthy non-obese  

 

677 

 

83 (12.3%) 1.67 (1.26-2.21) 1.62 (1.21-2.16) 

 

   Metabolically healthy obese 803 83 (10.3%) 1.67 (1.26-2.21) 1.47 (1.07-2.02)  

   Metabolically unhealthy obese 594 89 (15.0%) 2.38 (1.81-3.14) 2.04 (1.48-2.80)  

   p-value  <0.001 <0.001 <0.001  

Cardiorespiratory fitness      

   Unfit 1276 141 (11.1%) 1 (ref) 1 (ref)  

   Fit  2524 230 (9.1%) 0.68 (0.55-0.84) 0.79 (0.64-0.98)  

 

   p-value 

  

0.057 

 

<0.001 

 

0.036 

 

Adjusted for age, % body fat, low density lipoprotein cholesterol, white blood cell, uric acid, smoking and alcohol consumption and fitness 

when obesity phenotypes exposure or obesity phenotypes when cardiorespiratory fitness exposure.  
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Figure 1. 
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