
Variations in the prevalence and predictors of prevalent 
metabolically healthy obesity in adolescents

S. Heinzle1, G. D. C. Ball2, and J. L. Kuk1

1School of Kinesiology and Health Science, York University, Toronto, Ontario, Canada

2Department of Pediatrics, Faculty of Medicine and Dentistry, University of Alberta, Edmonton, 
Alebrta, Canada

Summary

Background—Obesity is a heterogeneous condition, which includes a subset of individuals that 

can be classified as having metabolically healthy obesity (MHO), but there is no consensus on 

what constitutes MHO. Thus, the objective of the study is to examine the prevalence and 

predictors of prevalent MHO in adolescents using various definitions of MHO.

Methods—Cross-sectional data from the 1999–2010 National Health and Nutrition Examination 

Surveys were used. Participants included 316 male and 316 female adolescents aged 12–19 years 

with a BMI ≥ 95th percentile. Two definitions were used to define MHO. First, MHO was defined 

as having ≤ 1 metabolic syndrome criteria (excluding waist) and being free of type 2 diabetes, 

hypertension and dyslipidemia. Second, MHO was defined as being free of all metabolic 

syndrome criteria, insulin resistance and inflammation.

Results—The prevalence of MHO was 42% (male) and 74% (female) using the first definition 

and 7% (male) and 12% (female) using the second more conservative definition. Lower abdominal 

obesity (waist circumference) and lower insulin resistance predicted prevalent MHO in male and 

female adolescents for both definitions (p <0.01). Associations between dietary components and 

MHO were weak and inconsistent, while physical activity and inflammation were not associated 

with MHO in male and female adolescents for both definitions (p >0.05).

Conclusions—The prevalence of MHO in adolescents varied across definitions, with lower 

levels of abdominal obesity and insulin resistance as the most consistent predictors of prevalent 

MHO status.
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Introduction

Obesity in adolescents has tripled in the past three decades (1) and has been accompanied by 

a rise in the prevalence of metabolic risk factors (2). Despite the documented health risks, 

adolescent obesity is a heterogeneous condition wherein a subset does not appear to present 

with these risk factors (3), termed metabolically healthy obesity (MHO). There is wide 

variation in the reported prevalence of MHO range from 16% to 68% due to differences in 

how MHO is defined and conceptualized (3–8). The most common definitions used for 

MHO involve components of metabolic syndrome (3–6,8,9) and/or insulin resistance (4,7). 

However, the clinical appropriateness of these definitions is questionable given that 

individuals can still be classified as MHO if they have one clinically elevated metabolic risk 

factor in isolation. This means that individuals with isolated hypertriglyceridemia or 

hypertension could be classified as MHO following the framework allowing for one or two 

metabolic syndrome factors or using insulin resistance alone.

As most attempts to treat obesity have proven to have limited success (10), it may therefore 

be a more attainable goal for adolescents with obesity to achieve or maintain MHO. This is 

relevant given that some adolescents with MHO may mature to be healthy, non-obese adults 

or adults with MHO (11). The correlates of MHO have been debated, but some research has 

shown that metabolic differences between adolescents with MHO or without (metabolically 

unhealthy obesity, MUO) may be related to differences in lifestyle habits (4,5), degree of 

obesity (4,12), inflammation (12) or insulin resistance (12). To our knowledge, no 

researchers have used a large nationally representative sample to determine which of these 

factors is most important in predicting prevalent MHO in adolescents. The objective of this 

study was to (i) examine the prevalence of adolescents with MHO using two approaches and 

(ii) investigate the independent relationships between obesity, diet, physical activity, insulin 

resistance and inflammation and MHO status in male and female adolescents.

Methods

Data source and participants

Data from the 1999–2010 years of the National Health and Nutrition Examination Survey 

(NHANES), an ongoing cross-sectional and nationally representative study, were analyzed. 

Details of the survey methods are described elsewhere (13). The present study included 

NHANES participants ages 12 to 19 years with an age-specific and sex-specific BMI ≥ 95th 

percentile (n = 2370). Participants who were (i) pregnant (n = 47), (ii) taking insulin (n = 6), 

(iii) using tobacco or nicotine products within the past 5 days (n = 272) or (iv) fasted for less 

than 8 h (n = 438) were excluded. Individuals with variable outliers, implausible values or 

missing values for either waist circumference (WC; n = 63), tobacco use within the past 5 

days (n = 178), moderate physical activity (MPA; n = 93), vigorous physical activity (VPA; 

n = 81), energy intake (n = 84), total fat intake (n = 88), saturated fat intake (n = 90), 

monounsaturated fat intake (n = 83), polyunsaturated fat intake (n = 93), carbohydrate intake 

(n = 83), protein intake (n = 85), fibre intake (n = 86), fasting triglycerides (n = 1383), 

fasting glucose (n = 1376), fasting insulin (n = 1385), fasting HDL-C (n = 228), high-

sensitivity C-reactive protein (CRP; n = 220), poverty income ratio (n = 180), systolic blood 

pressure (SBP; n = 90) and diastolic blood pressure (DBP; n = 110) were also excluded from 
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the analysis. The final sample included 316 male and 316 female adolescents with obesity 

(27% of the original sample).

Covariates

Information on age, sex, family size and household income was obtained via home 

interviews. Data were reported by a proxy for participants under the age of 16 years and 

were self-reported for participants aged 16 to 19 years. Family size and income were used to 

compute poverty income ratio, a measure of socioeconomic status calculated as family 

income divided by the Department of Health and Human Services’ poverty guidelines based 

on family size, year and state.

Obesity, diet and physical activity

Waist circumference was measured without clothing, to the nearest 0.1 cm, at the top of the 

iliac crest during minimal respiration (14). Normal WC was defined as having a WC ≤ 90th 

percentile for age and sex (15) or the adult cut-off if lower (male: 102 cm and female: 88 

cm). Weight was assessed to the nearest 0.1 kg with a Toledo digital scale (Mettler-Toledo 

Inc, Columbus, OH, USA) while participants wore underwear, disposable paper gowns and 

foam slippers. Height was measured to the nearest 0.1 cm. BMI percentiles were calculated 

from weight and height measurements using an age-specific and sex-specific CDC growth 

chart macro (16).

Data on diet were obtained using a 24-h diet recall method from 1999 to 2002 (17). 

Participants were asked to list the volume of all foods and beverages consumed from 

midnight to midnight the day prior. Trained interviewers recorded this information using the 

USDA automated pass method. During the years 2003–2010, the average of the two 24-h 

diet recalls was used (17).

Data on physical activity were assessed using a questionnaire on the frequency and duration 

(in minutes) of all recreational MPA and VPA they had engaged in for at least 10 min 

continuously ‘in the past 30 days’ for NHANES 1999–2006 and ‘in a typical week’ for 

NHANES 2007–2010. Moderate-vigorous physical activity (MVPA) was calculated as the 

sum of MPA and VPA (min/week) (18).

Laboratory measures

Systolic blood pressure and DBP (mmHg) were recorded based on an average of two to 

three readings from a manual mercury sphygmomanometer. A fasting sample of blood was 

used to determine plasma glucose (mM), insulin (mU/L), CRP (mg/dL), HDL-C (mM) and 

triglycerides (mM); samples were processed, stored and shipped to appropriate laboratories 

for analysis. Fasting plasma glucose was measured using hexokinase methods. Plasma 

insulin was measured using the radioimmunoassay double-antibody batch method (1999–

2002), the two-site immunoenzymatic assay (2003–2005) and the human insulin 

immunoassay method (ELISA) (2005–2010). Fasting plasma glucose and insulin were used 

to calculate the homeostatic model assessment of insulin resistance (19). Blood CRP was 

quantified with a Behring Nephelometer. Serum triglycerides were assessed enzymatically 

using a series of coupled reactions (1999–2006) and a two-reagent end-point reaction 
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(2007–2010). HDL-C levels were assessed using the heparin-Mn precipitation method 

(1999–2001) and the direct HDL method (2003–2010). Triglyceride and HDL-C levels were 

measured using a Hitachi 704 Analyzer (1999–2004), Roche Hitachi 717 in 2005, Roche 

Hitachi 717 and 912 in 2006, and a Roche Modular P chemistry analyzer (2007–2010). 

Details of all NHANES laboratory protocol and procedures are available elsewhere (20).

Definition of metabolically healthy obesity

Two methods were used to define MHO, which reflect a modified version of those most 

commonly used and a more stringent definition of healthy (3–9).

The first definition uses the metabolic syndrome framework (excluding WC) but also 

excludes individuals who would be diagnosed with a chronic condition from being 

categorized as ‘healthy’:

i. ≤ 1 pre-clinical or metabolic syndrome criteria (21,22):

• Triglycerides ≥ 1.24 mmol/L

• Glucose ≥ 5.55 mmol/L (21)

• Systolic or diastolic blood pressure (SBP or DBP) ≥ 90th percentile for 

sex, age and height for youth under 18 and ≥ 130/85 mmHg for 18 and 

19 year olds

• HDL-C ≤ 1.04 mmol/L

ii. no clinically diagnosable levels (21,23) of:

• Hypertriglyceremia – fasting plasma triglyceride (≥ 1.47 mmol/L) or 

lipid medication

• Type 2 diabetes – glucose (≥ 7.0 mmol/L) or diabetes medication

• Hypoalphalipoproteinemia – HDL-C

• Hypertension – SBP or DBP ≥ 95th percentile for sex, age and height 

for youth under 18 years, and ≥ 140/90 mmHg for 18 and 19 year olds, 

or medication for hypertension.

The second definition is even more stringent as further precludes anyone with any of the 

following from being categorized as MHO:

i. pre-clinical or metabolic syndrome criteria (21,22)

ii. insulin resistance (homeostatic model assessment of insulin resistance <3.16) 

(24); and

iii. high inflammation (CRP <3.0 mg/L) (23).

Statistical analysis

All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Cary, 

NC, USA) with a significance level of p <0.05. Analyses were stratified by sex. Due to the 

complex sampling design of NHANES, sample weights were applied to make the studied 
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sample representative of the US adolescent population. Descriptive data are presented as 

means ± standard errors, and differences between MHO and MUO groups were determined 

using independent samples t-tests. In multivariable analyses, predictors were standardized 

using standard error to allow for comparisons between variables. Logistic regressions 

adjusted for age and socioeconomic status were performed on the standard error of each 

independent variable using Proc Surveylogistic. Odds ratio and 95% confidence interval (CI) 

were then used to compute prevalent risk (PR) and 95% CI (25). The most significant 

predictor of MHO from each variable category (obesity, diet, physical activity, and 

laboratory measure – primary MHO definition only) was then entered into a mutually 

adjusted model with further adjustment for age and socioeconomic status.

Results

Prevalence of metabolically healthy obesity

Figure 1a displays the proportion of adolescents with each metabolic risk factor, and Fig. 1b 

displays the number of pre-clinical metabolic syndrome risk factors (triglycerides, glucose, 

HDL-C and BP) in the study sample. The percentage of adolescents free of pre-clinical 

metabolic syndrome risk factors was 27% in male and 45% in female adolescents, and the 

proportion of adolescents with ≤ 1 pre-clinical metabolic syndrome risk factors was 55% in 

male and 79% in female adolescents (Fig. 1b). After excluding individuals with clinically 

diagnosable levels of metabolic syndrome risk factors, the prevalence of MHO was 

decreased to 42% in male and 74% in female adolescents (first definition).

Characteristics of the study sample by sex and metabolic health status are presented in Table 

1. Using the first definition of MHO, MHO male adolescents were younger, of a lower 

socioeconomic status, less obese, ate more total fat, saturated fat, monounsaturated fat, 

protein, fibre and cholesterol and were less insulin resistant than MUO male adolescents. In 

female adolescents, MHO and MUO only differed by insulin resistance. According to the 

second definition, the prevalence of MHO was 7% in male and 12% in female adolescents. 

MHO male adolescents were of a higher socioeconomic status, less obese, reported a lower 

fibre intake and participated in more MPA and VPA than MUO male adolescents. MHO 

female adolescents had a higher socioeconomic status, lower WC and participated in less 

VPA than MUO female adolescents.

Predictors of metabolically healthy obesity (unadjusted analyses)

First definition—In male adolescents, BMI percentile and WC were negatively associated 

with MHO, and lower carbohydrate intake, higher protein intake and higher cholesterol 

intake were associated with MHO (Table 2). Physical activity did not predict MHO. Lower 

insulin resistance but not inflammation was associated with MHO. In female adolescents, 

BMI percentile was not associated with MHO and, of the dietary components, only a higher 

polyunsaturated fat intake predicted MHO. Physical activity was not associated with MHO. 

Lower insulin resistance but not inflammation was associated with MHO.

Second definition—In male adolescents, BMI percentile and WC were negatively 

associated with MHO (Table 2). Of the dietary components, only saturated fat intake was 
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positively associated with MHO. Physical activity was not associated with MHO. In female 

adolescents, lower WC and higher monounsaturated fat intake were associated with the 

MHO. Physical activity was not associated with MHO.

Predictors of metabolically healthy obesity (adjusted analyses)

To determine the independent associations between obesity, diet, physical activity and 

laboratory measures with MHO, the most significant obesity, diet, physical activity and 

laboratory correlates of MHO were entered into a mutually adjusted model with further 

adjustment for age and socioeconomic status.

First definition—In male adolescents, the model included WC, carbohydrate intake, VPA 

and insulin resistance, of which only WC [PR{95%} = 0.97{0.95–0.99}] and insulin 

resistance [PR{95%} = 0.94{0.91–0.97}] remained significantly associated with MHO. In 

female adolescents, the mutually adjusted model for the first definition of MHO included 

WC, polyunsaturated fat, MVPA and insulin resistance, of which higher polyunsaturated fat 

intake [PR{95%} = 1.02{1.00–1.04}] and lower insulin resistance [PR{95%} = 0.95{0.92–

0.98}] remained independently associated with MHO.

Second definition—The model in male adolescents included WC, saturated fat and 

MVPA, of which WC [PR{95%} = 0.92 {0.88–0.96}] remained negatively associated with 

MHO. The model in female adolescents included WC, monounsaturated fat and VPA, of 

which only WC remained associated with MHO [PR{95%} = 0.95{0.93–0.97}].

Discussion

The present study investigated the prevalence and predictors of MHO in a nationally 

representative sample of adolescents with obesity. We demonstrated that 42% of male and 

74% female adolescents were classified as MHO using the most commonly used definition, 

while only 7% of male and 12% of female adolescents with obesity could be classified as 

MHO using our more conservative definition (i.e. free of all metabolic syndrome risk 

factors, insulin resistance and inflammation). Lower WC and insulin resistance levels were 

the most consistent predictors of MHO in both male and female adolescents. Overall, no 

individual dietary components were consistently related to MHO, and physical activity did 

not predict MHO.

Previous studies reporting that the prevalence of MHO varies between 16% and 68% have 

used different approaches but are generally use components of the metabolic syndrome (3–

6,8,9) and/or insulin resistance (4,7). These definitions vary in the number of criteria and 

cut-offs used to define MHO and may be problematic given that individuals with isolated 

type 2 diabetes, hypertension or dyslipidemia may be considered ‘healthy’ using these 

frameworks. Our first definition precludes individuals with any of these conditions even if 

they have only one metabolic syndrome criteria, and our second definition requires 

individuals to be free of all metabolic syndrome criteria, insulin resistance and 

inflammation. Using this more conservative second definition, we demonstrate that the 

prevalence may be even lower (7–12%) than what is typically reported. Further, the 

inclusion of additional metabolic criteria that are not normally assessed such as adiponectin, 
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resistin, apolipoproteins or euglycemic–hyperinsulinemic clamp measured insulin sensitivity 

may further reduce the prevalence of MHO. Currently, which definition is more indicative of 

healthy and the longer term clinical implications for each ‘healthy’ phenotype are is unclear.

The aetiology of metabolic health has been debated with some arguing that insulin resistance 

is the central feature, while others suggest that obesity is the primary factor (2). The degree 

of obesity is one of the most consistent predictors of MHO in adolescents (4,5,12), which 

may suggest that MHO may not truly exist at higher levels of obesity. We observe in 

accordance with the literature (26) that abdominal obesity is a stronger correlate of MHO as 

compared with overall obesity as assessed by BMI percentile. This demonstrates the 

importance of assessing obesity phenotype as opposed to just weight relative to height when 

assessing health risk. Insulin resistance is not examined as frequently but is also identified as 

an important predictor of MHO (6,7,12). Our findings indicated that both abdominal obesity 

and insulin resistance were predictors of MHO in obese adolescents, independent of lifestyle 

factors. Insulin resistance, however, was observed to be more closely associated with MHO 

than obesity, especially in female adolescents. Within our MHO youth (first definition), we 

observe that although 31% were free of insulin resistance, only 7% had a normal WC and 

only 4% had both insulin sensitivity and a normal WC (data not shown). Both insulin 

resistance and obesity are modifiable by lifestyle changes; however, in our sample, the 

associations between dietary components and metabolic health in youth were relatively 

small and inconsistent. Nevertheless, this is consistent with the MHO literature in which 

only one previous study has reported a negative (albeit small) association between dietary fat 

intake and MHO status in youth (4) but is more consistently related with insulin resistance 

(27). Conversely, we and Camhi et al. (9) both observe the unexpected finding that saturated 

fat intake is positively associated with prevalent MHO status in male adolescents using our 

second definition. Given the widely established link between saturated fat intake and 

dyslipidemia, these observations may be due to reverse causation, wherein Metabolically 

Abnormal Obesity (MAO) are attempting to improve their diet in response to their elevated 

health risk profile. However, saturated fat was not associated with metabolic status in our 

fully adjusted model. Conversely, polyunsaturated fat remained independently associated 

with MHO in female adolescents. Clearly, further study is needed to confirm how diet 

relates with MHO status. Similarly, the relationship between physical activity and MHO 

status in youth is less clear as only three studies have investigated this relationship. One of 

these studies reported a positive association (4) between physical activity and MHO, 

whereas the study by Camhi et al. (3) and the present study reported no association. The 

absence of an association between physical activity and MHO in the present study may be 

explained by the high prevalence of adolescents participating in at least one bout of physical 

activity per week (87%) as most of the health benefits are obtained when transitioning from 

a state of inactivity to engaging in any activity (28). Alternatively, factors such as 

musculoskeletal or cardiorespiratory fitness or sedentary behaviour were not available but 

may provide added insight as to why some youth with obesity develop metabolic aberrations 

versus those who do not.

We acknowledge that there are several limitations to consider in our research. First, data on 

diet and physical activity are subject to self-reporting biases (e.g. under-reporting is common 

in obese and adolescent populations (29)). However, this should not affect the integrity of 
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our results, unless MHO and MUO adolescents reported these behaviours differently. 

Further, we do not have measures of pubertal status, which has known effects on metabolic 

health (30). This study is cross-sectional in design, and thus, causality cannot be inferred 

from the associations observed. Our sample of MHO was relatively small using the second 

definition and thus increases the possibility that our observations are due to chance. This 

may explain why we observe some unexpected findings such as a positive association 

between saturated fat and MHO that need to be confirmed with additional study. 

Nevertheless, this study has used a sample that is representative of the US adolescent 

population and clearly illustrates that the prevalence of MHO can vary widely depending on 

the criteria used.

In conclusion, this study demonstrated that 7% to 74% of youth with obesity are 

metabolically healthy depending on the definition used. The likelihood of being in the MHO 

group decreased among adolescents with higher levels of abdominal obesity and insulin 

resistance. We showed that diet, physical activity and inflammation were not consistent 

predictors of MHO. Our findings highlight the need for effective strategies for adolescents 

with obesity to limit the severity of obesity and manage insulin resistance to achieve and 

maintain health.
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Figure 1. 
(a, b) Prevalence of cardiometabolic risk factors in male and female adolescents. Clinical 

thresholds: HOMA-IR ≥ 3.16, CRP ≥ 3.0 mg/L, triglycerides ≥ 1.47 mmol/L, glucose ≥ 7.0 

mmol/L and BP (currently taking medication for hypertension or SBP or DBP ≥ 95th 

percentile for sex, age and height for youth under 18, and ≥ 140/90 mmHg for 18 and 19 

year olds). Pre-clinical or metabolic syndrome thresholds: triglycerides ≥ 1.24 mmol/L, 

glucose ≥ 5.55 mmol/L, BP (SBP or DBP ≥ 90th percentile for sex, age and height for youth 

under 18, and ≥ 130/85 mmHg for 18 and 19 year olds), HDL-C ≤ 1.04 mmol/L. 

Abbreviations: M, male; F, female; HOMA-IR, homeostatic model assessment of insulin 

resistance; CRP, C-reactive protein; BP, blood pressure; HDL-C, high-density lipoprotein 

cholesterol. †Significant sex difference in the prevalence of clinically elevated risk factors (p 
<0.05). *Significant sex difference in the prevalence of metabolic syndrome risk factors (p 
<0.05).
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