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PURPOSE: Normal weight obesity (NWO) is characterized by a normal body mass index but a high body fat mass percentage and low
skeletal muscle mass, thereby increasing the risk of cardiometabolic dysfunction and morbidity. However, the effects of exercise inter-
vention in reducing the risk of cardiometabolic disease in NWO have not been fully elucidated. Therefore, this review aimed to summa-
rize the potential cardiometabolic disease risk and to provide implications of exercise interventions for the proactive prevention of car-
diometabolic disease risk in NWO.

METHODS: We searched and summarized the literature on the cardiometabolic risk factors in NWO. In addition, we summarized liter-
ature investigating the effects of exercise intervention on the cardiometabolic risk factors in NWO. We performed the literature search
using PubMed, Web of Science, and Google Scholar databases.

RESULTS: NWO was associated with increased visceral fat, ectopic fat, oxidative stress, inflammatory cytokines, insulin resistance, dys-
lipidemia, and subclinical atherosclerosis compared with normal weight lean. NWO requires exercise interventions that induce altera-
tions in body composition, such as decreased body fat percentage and increased muscle mass. Resistance exercise (RE) and high-inten-
sity interval exercise (HIIE) can improve lipid components and alter body composition in NWO. In addition, low-intensity blood flow
restriction resistance exercise (BFR-RE) may enhance muscular strength and anaerobic power in NWO.

CONCLUSIONS: The cardiometabolic disease risk is increased in NWO. We suggest that exercise interventions (RE, HIIE, and BFR-RE)
may effectively prevent cardiometabolic disease risk and alter body composition in NWO. As this has potential implications for exercise
interventions in NWO, further investigations are needed to find the optimal exercise for proactive prevention of cardiometabolic risk in
NWO.
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Table 1. Cardiometabolic risk-associated parameters in normal weight obesity compared to normal weight lean

Author Subjects Study design Definition of NWO Variables Results Refs
Batsisetal, 2013 Normal BMlin adults  Longitudinal study, -BMI: 18.5-25.0 kg/m’ Blood samplesand  [Using cutoffs] [12]
(=60yr,n=1,528) median follow-up - Body fat (%): BP SBP 1(only men), DBP f(only
of 129yr 1. Tertiles - >24% in men women), TC 1, TG 1, ApoB/
and >33.6% in women ApoAl ratio 1, Insulin sensi-
2. Cutoffs - >25% in men tivity |, Leptin 1, and CRP
and >35% in women T(only men)
Correa-Rodriguez Normal weight in Cross-sectional  -BMI: <25 kg/m? Blood samplesand  SBP 1, DBP 1, MAP 1, and HDL- [26]
etal, 2020 young adults (18-30 - Body fat (%): >25.5% in BP cl
yr,n=1,354) men and >38.9% in
women
De Lorenzo et al., Adults women Cross-sectional - BMI: 18.5-25 kg/m? Blood samples LDL-C/HDL-C 1 [11]
2006 (16-54 yr,n=74) - Body fat (%): >30%
Kapoor etal., 2020 Adults with high Cross-sectional - BMI: 18.5-24.9 kg/m? Blood samplesand  2-hour postprandial glucose 1, [37]
diabetes risk (30-60 - Body fat (%): >20.6% BP FG 1, HDL-C |, LDL-C 1,SBP 1,
yr,n=1,147) inmen and >33.4%in DBP 1,TC 1,andTG 1
women
Kim etal, 2014 Adults (=20 yr, Cross-sectional - BMI: 18.5-22.9 kg/m? Blood samplesand  FG 1,TC 1, TG 1, HDL-C |, Insu- [24]
n=12,217[5,313 men - Body fat (%): >25.7% BP lin resistance 1, ALT f(only
and 6,904 women]) inmen and >36%in men), and SBP 1(only men)
women
Kim et al,, 2015 Normal weight Cross-sectional - BMI: 18.5-25 kg/m? Blood samples,BP,  FG 1, TC 1, TG 1, HDL-C |, LDL- [42]
(n=2,078) - Body fat (%): >25.4% baPWV, Coronary ~ C1,CRP 1, SBP 1, DBP 1, baP-
inmen and >31.4%in artery calcium WV 1, and Soft plaques (no
women score, Coronary calcium content) 1
artery stenosis, and
Coronary plaque
Kangetal,2014  Normal BMI (n=164 Cross-sectional - BMI: 18.5-24.9 kg/m? Blood samples,BP,  FG1,TG 1, HDL-C |, SBP 1, DBP [54]
[66 men and - Body fat (%): =23.5% and 18F-FDGPET/ 1, ALT 1, Carotid SUVmean 1,
98 women)]) inmenand >29.2%in cT Carotid SUVmax 1, Carotid
women TBRmean 1, and Carotid
TBRmax 1
Mehrabianetal,  Adults women Case-control study -BMI: 18.5-24.9 kg/m? Blood samplesand  FG 1 and Insulin 1 [20]
2016 (19-39yr,n=64) - Body fat (%): >30% BP
Madeira etal., 2013 Normal BMI in young  Cross-sectional - BMI: 18.5-24.9 kg/m? Blood samplesand  FG 1, HDL-C |(only men), LDL- [36]
adults (23-25yr, - Body fat: sum of BP C1,TG 1, DBP 1, Insulin resis-
n=1,222[546 men subscapular and triceps tance 1, and Insulin sensitivi-
and 676 women)]) skinfolds >90th sex- ty |

specific (corresponding to
fat (%) >23.1%in men
and >33.3% in women)

Ramsaranetal,  Normal BMI in young  Cross-sectional - BMI: 18.5-24.9 kg/m? Blood samplesand  SBP 1 and TC/HDL-C © [55]
2017 adults (18-28 yr, - Body fat (%): >23.1%in BP
n=236 [76 men and men and >33.3%in
160 women]) women
Romero-Corral Normal BMlin adults  Longitudinal study, - BMI: 18.5-24.9 kg/m? Blood samplesand DBP 1, LDL-C 1, HDL-C |, TG 1, [45]
etal, 2010 (>20yr,n=6,171) median follow-up - Body fat (%): highest BP ApoB/ApoAl ratio 1, Insulin
of 8.8yr tertile >23.1%in men resistance 1, Insulin sensitivi-
and >33.3%in women ty |, CRP 1, and Leptin 1

ALT, alanine aminotransferase; ApoAl, Apolipoprotein A-l; ApoB, Apolipoprotein B; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; BP,
blood pressure; CRP, C-reactive protein; DBP, Diastolic blood pressure; FG, fasting glucose; '®F -FDG-PET/CT, "®F-fluorodeoxyglucose positron emission to-
mography/computed tomography; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MAP, mean arterial pressure;
SBP, systolic blood pressure; SUV, standardized uptake value; TBR, target-to-background ratio; TC, total cholesterol; TC/HDL-C, TC to HDL-C ratio; TG, triglyc-
erides.

[Mean TBR (TBRmean) =(mean SUV of carotid artery) / (mean SUV of jugular vein); Maximum TBR (TBRmax) = (maximum SUV of carotid artery)/(mean SUV
of jugular vein)].
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Cardiometabolic disease risk t

High fat mass
* Insulin resistance
*  Metabolic syndrome
= ——
)4 *  Type 2 diabetes mellitus
Low skeletal muscle mass .

Sarcopenic obesity

and muscular strength o )
¢ Subclinical atherosclerosis

— ¢ Cardiovascular disease

Normal weight obesity

Normal weight lean

Fig. 1. Increased risk for cardiometabolic disease in normal weight obesity.
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