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ABSTRACT 
Metabolically unhealthy obesity (MUO) was associated with increased cardiometabolic risk. 
However, it is not fully understood which lifestyle factors are associated with MUO in youth. We 
aimed to investigate the relationship between MUO and lifestyle patterns in youth.  
7-17 years old youth with overweight (N=48; 60.4% girls) and obesity (N=71; 56.3% girls) were 
recruited in the Pediatric Clinic, Luxembourg (cross-sectional study). Eating and sedentary habits, 
moderate to vigorous physical activity (MVPA) and vigorous physical activity (VPA) were assessed. 
72.3% of the participants had MUO. Multivariable logistic regressions showed that MUO is most 
likely to be associated with moderate to low weekly levels of MVPA [OR: 2.09 (95% CI: 1.07 – 4.09; 
p = 0.030)] and moderate to high weekly soda and lemonade drinks consumption [OR: 2.92 (95% CI: 
1.32 – 6.48; p = 0.008)]. After adjustment for age, gender and Tanner stages, MUO was most likely 
to be associated with moderate to high soda and lemonade drinks consumption [OR: 2.72 (95% CI: 
1.21– 6.12; p = 0.016)] and with Tanner stages [OR: 2.06 (95% CI: 1.08– 3.94; p = 0.029)]. We 
support the promotion of MVPA and the moderation in the sugar-sweetened beverages consumption 
to manage cardiometabolic health in youth with obesity.  
 
Keywords: Overweight. Obesity paradox. Physical activity. Nutrition. Sugar-sweetened beverages 
 
 
INTRODUCTION 
Metabolically healthy obesity (MHO) is recognized as a subtype of obesity with a high body mass 
index (BMI), but absence of cardiometabolic abnormalities. Conversely, metabolically unhealthy 
obesity (MUO emerged as a new concept associating obesity to a high cardiometabolic risk, including 
at least one confirmed disturbance: hyperglycemia, dyslipidemia, hypertension, inflammation and 
insulin-resistance [1,2]. 
In adults, MUO was linked to an increased risk of type 2 diabetes and cardiovascular diseases, a 
decreased physical functional capacity and muscle strength and/or a highest likelihood to develop 
depression [3-5]. MUO was associated in adults with low levels of cardio-respiratory fitness (CRF), 
physical activity (PA) during leisure time, active commuting and transportation, as well as with a 
sedentary lifestyle [2,6-15]. A significant impact of a poor nutritional status was highlighted in the 
development of MUO in adults, in association with high consumption of sugar-sweetened beverages 
and low consumption of fruits and vegetables, olive oil, lean meat, beans and grain [16-20]. 
MUO might be influenced from early life stages. This covers from metabolic programming in utero, 
eating and sedentary habits during infancy, childhood and adolescence that defines lifestyle patterns 
potentially impacting adulthood health status [21]. Most of the studies focusing on MUO were 
conducted in adults. However, the importance to identify the lifestyle risk and protective factors 
associated with MUO development at early stages of life emphasizes the importance of studying 
pediatric populations [22]. 
The few available studies investigating the relationship between lifestyle and MUO in childhood are 
rather scarce and controverted. Some studies highlighted the harmful impact of sedentary habits and 
poor nutrition on cardiometabolic health and the benefits of a MVPA [19,23-28]. Roberge et al. showed 
that MHO profiles might be preserved in 8-10 years old children, at least for 2 years, by an increase 
of the regular consumption of vegetables and fruits, each additional daily portion being associated 
with MUO decrease by 39% [29]. Other pediatric studies concluded that screen time and MVPA were 
not significantly associated with MUO and MHO and that CRF did not significantly differ between 
both profiles. PA was not consistently associated with MHO in some studies [12,27,30,31]. A better 
understanding of the role played by lifestyle factors on metabolic health in youth with obesity is 
needed. Thus, the objective of the present study was to investigate the relationship between MUO 
and lifestyle factors in children and adolescents. 
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PARTICIPANTS AND METHODS 
Recruitment: The present work included the data of 119 youth aged between 7 and 17 years that 
took part to the OSPEL (Overweight and obeSity in PEdiatric population in Luxembourg) cross-
sectional study [32-36]. OSPEL study was conducted between 2005 and 2007 in volunteer youth, with 
overweight or obesity [37], attending the Diabetes and Endocrinology Care department (Pediatric 
Clinic, Luxembourg) for medical weight loss consultation [32-36]. Participants were free of diseases 
associated with body composition alterations. All participants and their legally authorized 
representative signed the informed consent, before taking part to the study. The National Medical 
Ethics Committee (CNER) and the National Committee for Data Protection (CNPD) approved the 
present research work. 
Clinical and biological assessment:  During their visit at the Paediatric Clinic, the participants 
benefited from a medical anamnesis. BMI, waist circumference (WC), Tanner stages, fasting blood 
glucose, triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) 
cholesterol, systolic (SBP) and diastolic blood pressure (DBP) were assessed [32-36].   
Metabolically healthy and unhealthy obesity including overweight: The “MUO group” included 
participants having overweight or obesity and at least one of the five components of the metabolic 
syndrome as defined by the International Diabetes Federation (IDF) [38]: 1. Abdominal obesity (WC 
≥ 90th percentile). 2. Fasting hyperglycemia (≥100 mg/dL) or previously diagnosed type 2 diabetes. 
3. High triglycerides (≥110 mg/dL). 4. Low HDL cholesterol (< 40 mg/dL). 5. High blood pressure 
(systolic ≥130 / diastolic ≥ 85 mm Hg) or previously diagnosed hypertension (HTA) [38]. Adults IDF 
criteria were applied for ≥ 16 years old youth: 1. Abdominal obesity (WC ≥ 94 cm in men, ≥ 80 cm 
in women). 2. Fasting hyperglycemia (≥ 100 mg/dL) or previously diagnosed type 2 diabetes. 3. High 
triglycerides (≥150 mg/dL) or specific treatment for raised triglycerides. 4. Low HDL cholesterol 
concentrations (< 40 mg/dL in men, < 50 mg/dL in women) or specific treatment for reduced HDL 
cholesterol. 5. High blood pressure (systolic ≥130 / diastolic ≥ 85 mm Hg) or treatment of previously 
diagnosed HTA [39]. The “MHO group” included participants having no cardiometabolic 
abnormality. 
Lifestyle pattern: We used the last version of the Health Behaviour in School aged Children (HBSC) 
survey conducted at this time in Luxembourg [40,41] (Annex 1). 
Eating habits: Participants were asked: “How many times per week do you eat and/or drink fruits, 
vegetables, sweets and chocolate, sodas and lemonades, chips, fries, hamburger and hot dogs, brown 
bread and cereals, milk, dairy products, coffee and coffee with milk, meat and fish and/or energy 
drinks?” 1. Low consumption (never, less than one time per week, one time per week); 2. Moderate 
consumption (2 to 4 days per week); 3. High consumption (5 to 6 days per week, 1 time per day, 
several times per week). 
Sedentary behavior was investigated as following: 
- “How many hours per day do you use a computer to play, chat, send emails, for web surfing in your 
free time in the school days and weekend?”  1. Low use of computer (0, one half or 1 hour per day); 
2. Moderate use (2 or 3 hours per day); 3. High use (4, 5, 6 or 7 hours per day). 
- “How many hours per day do you watch television (TV) and videos in your free time in the school 
days and weekend?” 1. Low TV watching (0, one half or 1 hour per day); 2. Moderate TV watching 
(2 or 3 hours per day); 3. High TV watching (4, 5, 6 or 7 hours per day). 
- “How many hours per day do you spend on homework in your free time in the school days and 
weekend?” 1. Low free time spent on homework (0, one half or 1 hour per day); 2. Moderate free 
time spent on homework (2 or 3 hours per day); 3. High free time spent on homework (4, 5, 6 or 7 
hours per day). 
Physical activity was investigated as following: 
- Moderate to Vigorous Physical Activity (MVPA): “activities increasing heart rate and getting 
participants out of breath for some time, outside school hours” [41]. 1. Low MVPA (never, less than 
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one time per month, one time per week or one time per month); 2. Moderate MVPA (2 to 3 times per 
week); 3. High MVPA (4 to 6 times per week or every day). 
- Vigorous Physical Activity (VPA): “number of days per week where children are physically active 
until getting out of breath or sweating for at least 60 minutes” [41]. 1. Low VPA (less than 3 days per 
week); 2. Moderate VPA (3 to 4 days per week); 3. High VPA (5 to 7 days per week). 
 Statistical analyses: The distribution of the variables was checked with the Kolmogorov–Smirnov 
test. Continuous variables were expressed as median ± interquartile range (IQR), minimal and 
maximal values. Categorical variables were expressed as frequencies (%). The non-parametric Mann-
Whitney U test was used to compare the differences in continuous variables between boys and girls  
and between the MHO and  MUO groups. The Chi-square (χ2) test was used to compare the 
categorical variables. Multivariable logistic regressions were used to investigate the relationship 
between MUO as dependent variable and lifestyle factors as independent variables, adjusted for age, 
gender and Tanner stages. Odds Ratio (OR) and Wald coefficients were estimated. The predictive 
variables were retained based on their significant contribution in the model (p-value<0.05 for 
significant Wald coefficients). The statistical significance was set at p value ≤ 0.05 and the level of 
confidence was 95%. All analyses were performed using the statistical software SPSS for Windows 
(version 22.0, IBM, Chicago, IL, USA). 
 
 
RESULTS 
The general characteristics of the participants are detailed in Tables 1-3. 40.3% of the participants 
had overweight (N=48), 59.7% had obesity (N=71). The stage 4 was the smallest Tanner stages group 
(7.6%). 63.0% of the participants (N=75) had abdominal obesity, 15.1% (N=18) had hypertension, 
9.2% (N=11) had high triglycerides levels, 21.0% (N=25) had low levels of HDL-cholesterol and 
1.7% (N=2) had fasting hyperglycemia.  27.7% (N=33) of the participants had MHO and 72.3% 
(N=86) had MUO. Tables 2-3 describe the central tendency of the clinical and biochemical markers. 

Table 1: Participants characteristics 

Characteristics Number Percentage % 
Gender Boys 50 42.0 

Girls 69 58.0 
Weight status Overweight  48 40.3 

Obesity 71 59.7 
Abdominal obesity Yes  75 63.0 

No 44 37.0 
Tanner stages 1 44 37.0 

2 29 24.4 
3 13 10.9 
4 9 7.6 
5 24 20.2 

Hypertension Yes 18 15.1 
No 101 84.9 

High triglycerides level Yes 11 9.2 
No 108 91.8 

Low HDL-Cholesterol level Yes 25 21.0 
No 94 79.0 

High fasting blood glucose level Yes 2 1.7 
No 117 98.3 

Metabolically healthy obesity including overweight 33 27.7 
Metabolically unhealthy obesity including overweight 86 72.3 
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 Median Interquartile 
Range 

Minimum Maximum 

Age (years) 12.0 3.3 7.3 16.9 
Body mass index (kg/m2) 27.3 6.8 19.8  40.4 
Body mass index Z-score 2.45 0.84 1.36  3.65 
Waist circumference (cm) 83.0 14.0 63.0  108.0 
Systolic blood pressure (mmHg) 120.0 10.0 90.0  150.0 
Diastolic blood pressure (mmHg) 70.0 10.0 50.0  95.0 
Fasting glucose (mg/dL) 85.6 7.9 70.4  126.5 
HDL cholesterol (mg/dL) 53.0 12.6 27.0  103.0 
Triglycerides (mg/dL) 82.0 57.0 28.0  468.0 

 
The participant characteristics according to the gender are detailed in Table 2. Girls had a 
significantly higher percentage of MUO compared to boys (79.7% vs. 62.0%, p = 0.033). Significant 
differences amongst boys and girls were observed for the BMI Z-score (2.81 ± 0.64 versus 2.37 ± 
0.83; p = 0.001). 
 
Table 2: Participant characteristics according to the gender 
 
 
Abbreviations: MHO: Metabolically healthy obesity including overweight. MUO: Metabolically unhealthy 
obesity including overweight. BMI, body mass index. 
Chi-square (χ2) was used to compare the categorical variables. Central tendency was expressed by Median ± 
IQR (Interquartile Range). A non-parametric Mann-Whitney U test was used to compare the differences 
between boys and girls. *Significant differences for P Values < 0.05 (2-tailed). 
 
The “MUO group” included 31 boys and 55 girls (12.7 ± 3.9 years old). The “MHO group” consisted 
of 19 boys and 14 girls (11.6 ± 2.7 years old) (Table 3).  
The participants with MUO were significantly older than the participants with MHO (12.7 ± 3.9 years 
versus 11.6 ± 2.7 years; p = 0.009). BMI Z-score (MUO: 2.78 ± 0.71; MHO: 2.04 ± 0.72; p < 0.001), 
WC (MUO: 86.0 ± 14.0 cm; MHO: 75.0 ± 10.0 cm, p < 0.001), systolic blood pressure (MUO: 120.0 
± 15.0 mmHg; MHO: 110.0 ± 20.0 mmHg; p < 0.001) and triglycerides (MUO: 87.0 ± 57.0 mg/dL; 
MHO: 61.0 ± 43.0 mg/dL; p < 0.001) were significantly higher in participants with MUO, compared 

 Number (%) χ2 value p value 
 Boys (N=50) Girls (N=69)   
Overweight 19 (38.0%) 29 (42.0%) 0.196 0.658 
Obesity 31 (62.0%) 40 (58.0%) 
MHO 19 (38.0%) 14 (20.3%) 4.537 0.033* 
MUO 31 (62.0%) 55 (79.7%) 

 
 Median ± IQR z value p value 
 Boys Girls   
Age (years) 11.7 ± 3.0 12.6 ± 3.5 1.693 0.090 
BMI (kg/m2) 27.6 ± 6.7 27.2 ± 7.2 0.428 0.669 
BMI Z-score 2.81 ± 0.64 2.37 ± 0.83 3.368 0.001* 
Waist circumference (cm) 84.5 ± 16.0 82.0 ± 43.0 1.422 0.155 
Systolic blood pressure (mmHg) 120.0 ± 21.0 120.0 ± 10.0 0.535 0.593 
Diastolic blood pressure (mmHg) 70.0 ± 10.0 70.0 ± 10.0 0.395 0.693 
Fasting glucose (mg/dL) 85.6 ± 8.8 85.5 ± 7.7 0.030 0.976 
HDL cholesterol (mg/dL) 51.5 ± 14.5 54.0 ± 12.0 0.105 0.916 
Triglycerides (mg/dL) 82.0 ± 65.0 82.0 ± 54.0 1.045 0.296 
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to MHO. HDL-cholesterol (MUO: 51.0 ± 14.0 mg/dL; MHO: 55.0 ± 10.0 mg/dL; p = 0.006) was 
significantly lower in the MUO group (Table 3). According to the IOTF definition [37], 56.3% of the 
participants constituting the “MUO group” had obesity and 16.8% had overweight, compared to the 
“MHO group” (overweight: 23.5%, obesity: 3.4%) (p-value < 10-4). Abdominal obesity mainly 
characterized participants presenting a MUO (63.0%, p-value < 10-4). 
 
Table 3: Characteristics of the participants having a metabolically healthy respectively unhealthy 
obesity profile 
 

Characteristics MHO  
(n=33) 

MUO 
(n=86) 

z value p value 

Age (years) 11.6 ± 2.7 12.7 ± 3.9 z = 2.606 0.009* 
BMI (kg/m2)  23.5 ± 3.9 29.3 ± 5.4 z = 6.271 <0.001* 
BMI Z-score 2.04 ± 0.72 2.78 ± 0.71 z = 5.266 <0.001* 
Waist circumference (cm) 75.0 ± 10.0 86.0 ± 14.0  z = 6.050 <0.001* 
Systolic blood pressure (mmHg) 110.0 ± 20.0 120.0 ± 15.0  z = 3.911 <0.001* 
Diastolic blood pressure (mmHg) 70.0 ± 10.0 70.0 ± 10.0 z = 1.700 0.089 
Fasting glucose (mg/dL) 83.9 ± 5.9 85.7 ± 9.4 z = 1.425 0.154 
HDL cholesterol (mg/dL) 55.0 ± 10.0 51.0 ± 14.0 z = 2.771 0.006* 
Triglycerides (mg/dL) 61.0 ± 43.0 87.0 ± 57.0 z = 3.912 <0.001* 

 
Abbreviations: MHO: Metabolically healthy obesity including overweight. MUO: Metabolically unhealthy 
obesity including overweight. BMI, body mass index. 
Central tendency was expressed by Median ± IQR (Interquartile Range).  
A non-parametric Mann-Whitney U test was used to compare the differences between MHO and MUO. 
*Significant differences for P Values < 0.05 (2-tailed). 
 
Table 4 displays a description of the eating habits in the study population. The majority of the 
participants had a high consumption (5 to 6 days per week, 1 time per day or several times per week) 
of fruits (51.3%), vegetables (49.6%), whole breads and cereals (46.2%), milk (64.7%), dairy 
products (52.1%) and meat and fish (60.5%). As well, the majority of the participants indicated that 
they had a low consumption (never, less than one time per week, one time per week) of sweet and 
chocolate (55.5%), soda drinks and lemonade (61.4%), potato chips (98.4%), French fries (95.8%), 
hot dogs and burgers (95.8%), coffee and milk coffee (89.1%) and energy drinks (94.1%) (Table 4).  
 
  
  Table 4: Description of the eating habits in the study population 
 

Eating habits Number Percentage % 
Weekly consumption of fruits  Low  20 16.8 

Moderate  38 31.9 
High  61 51.3 

Weekly consumption of vegetables  Low  26 21.8 
Moderate  34 28.6 
High  59 49.6 

Weekly consumption of sweet and 
chocolate  

Low  66 55.5 
Moderate   28 23.5 
High  25 21.0 

Weekly consumption of soda drinks 
and lemonade  

Low  73 61.4 
Moderate  26 21.8 
High 20 16.8 

Weekly consumption of potato chips Low  117 98.4 
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Moderate  1 0.8 
High 1 0.8 

Weekly consumption of French fries  Low  107 89.9 
Moderate  11 9.3 
High  1 0.8 

Weekly consumption of hot dogs 
and burgers  

Low  114 95.8 
Moderate  5 4.2 
High -- -- 

Weekly consumption of whole 
breads and cereals  

Low  41 34.5 
Moderate  23 19.3 
High  55 46.2 

Weekly consumption of milk Low  29 24.4 
Moderate   13 10.9 
High 77 64.7 

Weekly consumption of dairy 
products  

Low  26 21.8 
Moderate  31 26.1 
High  62 52.1 

Weekly consumption of coffee and 
coffee with milk  

Low  106 89.1 
Moderate  7 5.9 
High 6 5.0 

Weekly consumption of meat and 
fish  

Low  15 12.6 
Moderate  32 26.9 
High  72 60.5 

Weekly consumption of energy 
drinks  

Low  112 94.1 
Moderate  5 4.2 
High  2 1.7 

    Central tendency was expressed by Median ± IQR (Interquartile Range). 
 
Table 5 displays the description of the eating habits according to the MHO and MUO profiles.  
A significantly higher level of high and moderate consumption of sweets and chocolates was observed 
amongst the participants with MUO (47.6%), compared to the participants with MHO (36.4%) 
(p=0.043). Similar findings were observed for soda drinks and lemonade intake (p=0.005) (Table 5). 
Table 5: Description of the eating habits according to the metabolically healthy and unhealthy obesity 
  

Food item Consumption  MHO  
(n=33) 

MUO 
(n=86) 

χ2 value p value 

Fruits  Low  3 (9.1%) 17 (19.8%)  
2.001  

 
0.368 Moderate  11 (33.3%) 27 (31.4%) 

High  19 (57.6%) 42 (48.8%) 
Vegetables  Low  8 (24.2%) 18 (20.9%)  

0.158  
 

0.924 Moderate  9 (27.3%) 25 (29.1%) 
High  16 (48.5%) 43 (50.0%) 

Sweet and 
chocolate  

Low  21 (63.6%) 45 (52.3%)  
6.297 

 
0.043* Moderate  10 (30.3%) 18 (20.9%) 

High  2 (6.1%) 23 (26.7%) 
Soda drinks and 
lemonade  

Low  28 (84.8%) 45 (52.3%)  
10.651 

 
0.005* Moderate  3 (9.1%) 23 (26.7%) 

High  2 (6.1%) 18 (20.9%) 
Potato chips Low  33 (100%) 84 (97.6%)  

0.781 
 

0.677 Moderate  -- 1 (1.2%) 
High  -- 1 (1.2%) 

French fries  Low  32 (97.0%) 75 (87.2%)   
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Moderate  1 (3.0%) 10 (11.6%) 2.544  0.280 
High  -- 1 (1.2%) 

Hot dogs and 
burgers  

Low  33 (100%) 81 (94.2%)  
2.003  

 
0.157 Moderate  -- 5 (5.8%) 

High  -- -- 
Whole breads and 
cereals  

Low  8 (24.2%) 33 (38.4%)  
2.924 

 
0.232 Moderate  9 (27.3%) 14 (16.3%) 

High  16 (48.5%) 39 (45.3%) 
Milk Low  7 (21.2%) 22 (25.6%)  

1.630  
 

0.443 Moderate  2 (6.1%) 11 (12.8%) 
High  24 (72.7%) 53 (61.6%) 

Dairy products  Low  3 (9.1%) 23 (26.7%)  
4.594 

 
0.101 Moderate  11 (33.3%) 20 (23.3%) 

High  19 (57.6%) 43 (50.0%) 
Coffee and coffee 
with milk  

Low 28 (84.8%) 78 (90.6%)  
0.985 

 
0.611 Moderate  3 (9.1%) 4 (4.7%) 

High  2 (6.1%) 4 (4.7%) 
Meat and fish  Low  2 (6.1%) 13 (15.1%)  

1.823 
 

0.402 Moderate  10 (30.3%) 22 (25.6%) 
High  21 (63.6%) 51 (59.3%) 

Energy drinks  Low  32 (97.0%) 80 (93.0%)  
0.956 

 
0.620 Moderate   1 (3.0%) 4 (4.7%) 

High  -- 2 (2.3%) 
 
Abbreviations: MHO: Metabolically healthy obesity including overweight. MUO: Metabolically unhealthy 
obesity including overweight. 
Chi-square (χ2) was used to compare the categorical variables. Central tendency was expressed by Median ± 
IQR (Interquartile Range). A non-parametric Mann-Whitney U test was used to compare the differences 
between MHO and MUO. *Significant differences for P Values < 0.05 (2-tailed). 
 
 
Table 6 summarizes the physical activity and sedentary habits in the study population. 
The majority of the participants indicated that they had MVPA during their free time outside school 
hours (51.3%), while the largest group of participants indicated rather low levels of VPA during an 
ordinary week (38.6%). The majority of the participants indicated that they had low computer use 
(≤1 hour/day) during the weekdays (73.9%) and weekends (55.5%). There were 48.7% having low 
TV watching during the weekdays (≤1 hour/day), while 42.9% had moderate TV watching (2-3 
hours/day) during the weekends. The majority of the participants indicated that they spend less than 
1 hour per day to complete their homework during the weekdays (54.6%) and weekends (63.9%). 
 
Table 6: Description of the physical activity and sedentary habits in the study population 
 

Physical activity and sedentary habits Number Percentage % 
MVPA during the free time Low 34 28.6 

Moderate  61 51.3 
High  24 20.2 

VPA during an ordinary week  
 

Low  46 38.6 
Moderate  42 35.3 
High  31 26.1 

Computer use, weekdays  Low  88 73.9 
Moderate 25 21.0 
High  6 5.1 
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Computer use, weekend Low  66 55.5 
Moderate 32 26.9 
High  21 17.6 

Television watching, weekdays  Low  58 48.7 
Moderate 49 41.2 
High  12 10.1 

Television watching, weekend Low  28 23.5 
Moderate 51 42.9 
High  40 33.6 

Homework, weekdays  Low  65 54.6 
Moderate 47 39.5 
High  7 5.9 

Homework, weekend Low  76 63.9 
Moderate 36 30.2 
High  7 5.9 

Abbreviations: MVPA: moderate to vigorous physical activity. VPA: vigorous physical activity. 
Central tendency was expressed by Median ± IQR (Interquartile Range). 
 
 
The physical activity and sedentary habits are described according to the MHO and MUO 
profiles in Table 7. A higher percentage of low MVPA during the free time, outside school hours, 
was observed amongst the participants having MUO (34.9%), compared to the participants with 
MHO (12.1%). A higher percentage of high MVPA during the free time, outside school hours, was 
observed in the youth with MHO (27.3%) compared to the youth with MUO (17.4%) (p = 0.044). 
The participants with MUO had higher levels of TV watching during the weekdays (14.0%) compared 
to the participants with MHO (0.0%) (p = 0.035) (Table 7). 
 
Table 7: Description of the physical activity and sedentary habits according to the metabolically 
healthy and unhealthy obesity profiles 
 

Physical activity and sedentary habits 
 

MHO (n=33) MUO (n=86) χ2 value p value 

MVPA during the 
free time 

Low 4 (12.1%) 30 (34.9%)  
x2 = 6.246  

 
0.044* Moderate  20 (60.6%) 41 (47.7%) 

High  9 (27.3%) 15 (17.4%) 
VPA during an 
ordinary week  
 

Low  10 (30.3%) 36 (41.9%)  
x2 = 2.217 

 
0.330 Moderate  15 (45.5%) 27 (31.4%) 

High  8 (24.2%) 23 (26.7%) 
Computer use, 
weekdays  

Low  28 (84.8%) 60 (69.8%)  
x2 = 2.817 

 
0.245 Moderate  4 (12.1%) 21 (24.4%) 

High  1 (3.0%) 5 (5.8%) 
Computer use, 
weekend 

Low  20 (60.6%) 46 (53.5%)  
x2 = 2.310 

 
0.315 Moderate  10 (30.3%) 22 (25.6%) 

High  3 (9.1%) 18 (20.9%) 
Television 
watching, 
weekdays  

Low  15 (45.5%) 43 (50.0%)  
x2 = 6.688 

 
0.035* Moderate  18 (54.5%) 31 (36.0%) 

High  -- 12 (14.0%) 
Television 
watching, weekend 

Low  7 (21.2%) 21 (24.4%)  
x2 = 0.591  

 
0.744 Moderate  16 (48.5%) 35 (40.7%) 

High  10 (30.3%) 30 (34.9%) 
Homework, 
weekdays 

Low  18 (54.5%) 47 (54.7%)  
x2 = 3.097  

 
0.213 Moderate  15 (45.5%) 32 (37.2%) 
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High  -- 7 (8.1%) 
Homework, 
weekend 

Low  22 (66.7%) 54 (62.8%)  
x2 = 0.688  

 
0.709 Moderate  10 (30.3%) 26 (30.2%) 

High  1 (3.0%) 6 (7.0%) 
Abbreviations: MHO: Metabolically healthy obesity including overweight. MUO: Metabolically unhealthy 
obesity including overweight. MVPA: moderate to vigorous physical activity. VPA: vigorous physical 
activity. 
 
Chi-square (χ2) was used to compare the categorical variables. Central tendency was expressed by Median ± 
IQR (Interquartile Range). A non-parametric Mann-Whitney U test was used to compare the differences 
between MHO and MUO. *Significant differences for P Values < 0.05 (2-tailed). 
The  multivariable logistic regressions investigating the relationship between MUO and lifestyle 
factors showed that MUO is most likely to be associated with moderate to low weekly levels of  
MVPA [OR: 2.09 (95% CI: 1.07 – 4.09; p = 0.030)] and moderate to high weekly soda and lemonade 
drinks consumption [OR: 2.92 (95% CI: 1.32 – 6.48; p = 0.008)] (Table 8).  
 
Table 8: Logistic multivariable regressions investigating the relationship between metabolically 
unhealthy obesity and lifestyle factors 
 

Variable Wald OR 95% CI p value 
Lower Upper 

Moderate to low MVPA 4.686 2.093 1.072 4.086 0.030* 
Moderate to high television watching, in 
weekdays  

0.022 0.948 0.468 1.919 0.882 

Moderate to high weekly sweet and 
chocolate consumption 

0.109 1.114 0.587 2.115 0.742 

Moderate to high weekly soda and 
lemonade drinks 

6.950 2.921 1.317 6.482 0.008* 

Constant      0.029* 

Abbreviations: 95% CI: 95% confidence interval. OR: Odds Ratio 

After adjustment for age, gender and Tanner stages, MUO was most likely to be associated with an 
increased consumption of soda and lemonade drinks [OR: 2.72 (95% CI: 1.21– 6.17; p = 0.016)] and 
with the Tanner stages [OR: 2.06 (95% CI: 1.08– 3.94; p = 0.029)] (Table 9). 
 
Table 9: Logistic multivariable regressions investigating the relationship between metabolically 
unhealthy obesity and lifestyle factors, adjusted for age, gender and Tanner stages 
 

Variable Wald OR 95% CI p value 
Lower Upper 

Gender 0.018 1.073 0.383 3.008 0.894 
Age 0.290 0.915 0.661 1.266 0.590 
Tanner stages 4.779 2.060 1.078 3.938 0.029* 
Low to moderate MVPA 2.414 1.791 0.859 3.736 0.120 
Moderate to high television watching, in 
weekdays 

0.076 0.896 0.410 1.959 0.783 

Moderate to high weekly sweet and 
chocolate consumption 

0.019 1.053 0.507 2.186 0.890 

Moderate to high weekly soda and 
lemonade drinks 

5.816 2.716 1.206 6.116 0.016* 

Constant      0.270 

Abbreviations: 95% CI: 95% confidence interval. OR: Odds Ratio 
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DISCUSSION 
This work showed that a weekly MVPA decreases the likelihood of developing MUO in children and 
adolescents. A high intake of sodas and lemonades increases the likelihood to develop MUO. This is 
in agreement with other studies performed in similar age groups, identifying PA as the most dominant 
modifiable lifestyle factor in controlling metabolic abnormalities [42]. Thus, PA appears as a potential 
important factor to discriminate MUO from MHO. In particular, high cardio-respiratory fitness (CRF) 
might help controlling metabolic abnormalities in children [43]. Even though the relationship between 
aerobic fitness (i.e. CRF) and PA is more complex, the assumption that a certain level of PA intensity 
might induce higher CRF in children and adolescents was substantiated by certain data [44,45]. As a 
matter of fact, CRF might be a mediator in the association between VPA and obesity-related 
metabolic disturbances in youth. Prince et al.[23] observed that MVPA was the strongest independent 
predictor of MHO and cardiometabolic risk factors in children aged 8 to 17 y (21). Cadenas-Sanchez 
et al. [27] observed a pattern of significantly higher MVPA amongst European adolescents with MHO, 
compared to MUO [27]. 
To the best of our knowledge, the relationship between soft drinks consumption and MUO has not 
been investigated in the literature yet. Nevertheless, some authors highlighted the negative impact of 
soft drinks consumption, sodas and sweetened juice on type 2 diabetes and obesity development, 
possibly due to high fructose corn syrup ingestion, although no distinction was done between MUO 
and MHO [46,47]. 
In contrast with our findings, Camhi et al., based on exploratory analyses from the NHANES 2003-
2005, found that neither MVPA nor VPA were able to differentiate MHO from MUO in adolescents 
[12]. Differences in the criteria used to define PA might explain this lack of discrimination. Camhi et 
al. chose >10 min/day over the past 30 days of “any vigorous activities causing heavy sweating or 
large increases in breathing or heart rate” as a cut point to define VPA. They chose >10 min/day over 
the past 30 days of “moderate activities causing light sweating or slight to moderate increase in 
breathing or heart rate” as a cut point defining MVPA [12,48]. In our study, MVPA was defined 
through the activities increasing heart rate and getting people out of breath only for some time [41]. 
VPA was defined through at least 2 hours per week where children are physically active during the 
free time, outside school hours, until getting out of breath or sweating [41]. Prince et al. considered 
an average cut-off of 10 min/day for MVPA and VPA [23], while Cadenas-Sanchez et al. did not use 
any threshold, assessing PA all over the day [27]. High levels of PA are well known to positively 
impact cardiometabolic health amongst youth (38). These benefits include improvements on 
components of the metabolic syndrome as well as a higher insulin sensitivity [42]. The WHO and the 
European Commission recommend at least 60 min/d of MVPA to children and adolescents [49,50]. 
However, there is still a need to clearly define when children and adolescents are sufficiently active 
physically. Reported cut-offs in the literature varied from 1000 to 4000 counts/min [51].  
Regarding sedentary behavior, our results are similar to Camhi et al. [12], who observed that screen 
time including computer use, television and video watching, did not differ in 12-18 y adolescents 
having MHO and MUO. Cadenas-Sanchez et al. [27] observed a significantly higher sedentary time 
in adolescents with MUO, compared to MHO. However, they used accelerometers instead of 
questionnaires to quantify sedentary behavior. Thus, we acknowledge this limitation in our study, 
that it is actually restrictive to use questionnaires in order to assess sedentary behavior and PA, rather 
than more objective tools such pedometers or accelerometers [51]. We also acknowledge that our 
study on eating patterns did not consider standardized methods such as 24 hours dietary recalls to 
have a more accurate estimation of dietary habits. Most of the evidence on dietary patterns showed 
that low fat intake were significantly associated with a higher presence of MHO [19,23-26]. Overall, 
the evidence on dietary assessment showed that diets rich in natural food, e.g. fruits and vegetables, 
are more predominant in MHO, unlike diets highly based on ultra-processed products, e.g. junk food 
[19,23-26]. However, recent evidence highlighted that energy expenditure, through high levels of PA 
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and low sedentary behavior, rather than dietary intake, appears to be more helpful in preserving 
cardiometabolic health in youth [52].  
Future studies should also strengthen the definition of MUO by incorporating gold standard 
measurement of body composition, particularly ectopic fat, using methods such as magnetic 
resonance imaging, computerized tomography and/or accurate anthropometric substitutes of visceral 
adiposity [22,35,51,53-55]. We also acknowledge that inference of causality was limited due to the 
cross-sectional study design.  
In conclusion, our findings support the promotion of a weekly MVPA and a moderate consumption 
of sugar-sweetened beverages as lifestyle approaches to manage cardiometabolic health in youth 
having obesity. A priority should be given to the management of MUO in youth. 
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