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Purpose: In adolescents, the definition and clinical implications of metabolically
healthy overweight (MHO) status have not been established. This study aimed to
investigate the prevalence of MHO according to its most widespread definition,
which is based on metabolic syndrome (MS), and to explore further metabolic
indicators such as Homeostatic Model Assessment of Insulin Resistance, total
cholesterol, low-density lipoprotein cholesterol, alanine aminotransferase, and
C-reactive protein levels, together with metabolic health predictors in a sample of
adolescents attending a pediatric obesity clinic.

Methods: Data from 487 adolescents categorized as overweight (52.6% females,
88.1% white), with a mean body mass index (BMI) z-score of 2.74 (+1.07 standard
deviation [SD]), and a mean age of 14.4 years (+2.2 SD) were cross-sectionally
analyzed. From this original sample, a subsample of 176 adolescents underwent a
second assessment at 12 (£6 SD) months for longitudinal analysis.

Results: From the 487 adolescents originally analyzed, 200 (41.1%) were categorized
as MHO, but only 93 (19.1%) had none of the metabolic indicators considered
in this study. According to longitudinal analysis, 30 of the 68 adolescents (44%)
categorized as MHO at baseline became non-MHO over time. BMI z-score was
the best predictor of metabolic health both in cross-sectional and longitudinal
analyses. Increased BMI z-score reduced the odds of being categorized as MHO (odds
ratio [OR], 0.6; 95% confidence interval [Cl], 0.4-0.9; P=.008) and increased the odds
of having hypertension (OR 2.1, 95% CI: 1.4-3.3, P=0.001), insulin resistance (OR,
2.4; 95% Cl, 1.4-4.1, P=0.001), or a proinflammatory state (OR, 1.2; 95% Cl, 1.1-1.3,
P=0.002).

Conclusion: Diagnosis of MHO should not be exclusively based on MS parameters,
and other metabolic indicators should be considered. Adolescents categorized
as overweight should participate in weight-management lifestyle interventions
regardless of their metabolic health phenotype.

Keywords: Adolescents, Overweight, Weight management, Metabolic health,
Metabolic Syndrome
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Introduction

Between 2002 and 2014, the prevalence of obesity in adolescents increased in Europe."
Overweight, including obesity, is associated with several cardiovascular and metabolic
conditions,” as well as premature death and all-cause mortality later in life,” producing a
serious public health concern.

Recent literature suggests the existence of a subgroup of overweight individuals with
an evidently metabolically healthy phenotype and a low risk of cardiovascular disease.”
Depending on the definition of metabolic health, the prevalence of metabolically healthy
overweight/obesity (MHO) ranges from 6% to 40% in the adult population'” and from 7% to
80% in adolescents.””
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Metabolic health in overweight youth is believed to be
influenced by physical activity level and intensity, time
spent in sedentary behaviors, cardiorespiratory fitness,
body composition, fat distribution, and/or duration of
overweight.*'*'" Because of the complexity of interactions
among factors associated with metabolic health, it is not agreed
upon whether MHO adolescents may be considered truly
metabolically healthy or whether they are just at a lower risk of
cardiovascular disease.

In this regard, one of the most debated issues is the definition
of MHO. The most widespread definition of MHO rely on the
absence of metabolic syndrome (MS). However, the accuracy
of this is in question because there are relevant metabolic
indicators not included in characterization of MS (e.g., total
cholesterol [TC], low-density lipoprotein cholesterol [LDL-C],
Homeostatic Model Assessment of Insulin Resistance [HOMA-
IR], alanine aminotransferase [ALT], and C-reactive protein
(CRP) levels)."*

Another commonly debated issue is the implications of MHO
status for clinical practice. To date, it is unclear whether MHO
adolescents would benefit from weight-management lifestyle
interventions with a focus on dietary and physical activity as
MHO adolescents may already engage in sufficient physical
activity*'”

The current study aims to (1) determine the prevalence of
MHO according to the most widespread definition in a sample
of overweight adolescents attending a pediatric obesity clinic,
(2) investigate the presence of abnormal metabolic indicators
beyond those included in the definition of MHO, and (3)
analyze cross-sectional and longitudinal associations between
anthropometric/body composition measures and altered
metabolic indicators.

Materials and methods

1. Participants

We searched the clinical files of adolescents categorized as
overweight (BMI =85th percentile); between the ages of 12 and
18 years; with a first appointment at the Pediatric Obesity Clinic,
Hospital de Santa Maria, Lisbon, Portugal, between October
2014 and June 2019; and with available retrospective data.
Exclusion criteria included adolescents with major pathology
other than obesity or related comorbidities and/or conditions
leading to inability to perform regular physical activity.

In a second search, clinical files from every adolescent
included in the initial sample were evaluated for complete
anthropometric and clinical data.

2. Measurements

1) Anthropometric and body composition assessments
Height was assessed with a height stadiometer, with subjects
standing with their backs to the stadiometer and holding their
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heads level with a horizontal Frankfurt plane. Subjects stood
with their feet together without shoes and were measured after
expiration. Height was registered to the nearest 0.1 cm (SECA
217, Hamburg, Germany).

Body weight and body composition were measured with
a bioelectrical impedance scale to the nearest 0.1 kg, with the
subjects wearing minimal clothing and without shoes or socks
(InBody 230, Seoul, Korea). Relative body fat mass (% BFM) and
skeletal muscle mass (% SMM) were calculated by dividing total
BFM (kg) and SMM (kg) by body weight, respectively.

Body mass index (BMI) was calculated by dividing
body weight in kilograms by the square of height in meters
[BMI=weight (kg)/height2 (m)]. BMI z-score was calculated
based on World Health Organization (WHO) data [BMI
z-score=[(BMI/M(1))"“-1]/L(H)S(1)].

Waist circumference (WC) was assessed using a flexible
anthropometric tape at the level of the iliac crest, with subjects
standing and at the end of regular expiration (SECA 203).

2) Clinical assessments

Pubertal status was assessed and categorized according to
Tanner stage.

Resting blood pressure was measured using a digital
sphygmomanometer on the right arm following 5 minutes of
rest in a seated position (CAS 9302S, CAS Medical Systems,
Branford, CT, USA). Measurements were performed 3 times,
and the average of the 3 measurements was recorded.

Biochemical analyses were performed in a laboratory of
clinical pathology at the same hospital. Blood samples were
collected after overnight fasting (12 hours) in the presence of
one parent/caregiver and following local application of a topical
anesthesia patch (EMLA, AstraZeneca, Barcarena, Portugal).
Blood glucose level was determined using the hexokinase
method, and insulin was assessed using a chemiluminescence
immunoassay technique. Insulin sensitivity was derived by the
HOMA-IR. ALT, TC, and triglyceride (TG) and high-density
lipoprotein cholesterol (HDL-C) levels were determined using
enzymatic, GPO/Trinder, and direct methods, respectively.
LDL-C was calculated from TC and HDL-C."’ Level of CRP
was determined using turbidimetric immunoassay (Siemens,
ADVIA 2400, Newark, DE, USA).

3) Metabolically healthy overweight

In line with other studies,” MHO was defined as the
absence of cardiometabolic risk factors such as hypertension,
hyperglycemia, low level of HDL-C, and hypertriglyceridemia
(Supplemental Table 1). Age- and sex-specitic values for the
described metabolic indicators were used, with sensitivity and
specificity reported elsewhere.*”

As suggested in previous research, WC was not included in the
MHO definition as a large majority of overweight individuals
present a WC above age- and sex-specific thresholds.*”

4) Presence of other overweight-related metabolic
comorbidities
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Based on a literature search, the following values were
considered abnormal: TC >95th percentile,"”’ LDL-C=95th
percentile, insulin resistance (IR) as HOMA-IR =90th
percentile,”*” ALT 295th percentile,” and CRP >0.30 mg/dL
(Supplemental Table 2).**

5) Overweight duration

Onset of overweight, designated as the time at which BMI
started to exceed the 85th percentile based on WHO charts,
was assessed using medical records. Overweight duration was
calculated as the difference in months between current age and
onset of overweight.

3. Statistical analysis

This study comprises both cross-sectional and longitudinal
analyses.

According to prevalence sample size calculation, a sample of
384 participants was needed to achieve a level of confidence of
95% and a precision of 5%, a expected prevalence of 50% (95%
confidence interval [CI] limit, [45%, 55%]).> Population was
defined as the total number of adolescents followed in the clinic
at the time of assessment.

Data were analyzed using IBM SPSS Statistics ver. 24.0 (IBM
Co., Armonk, NY, USA). After analysis for normal distribution,
baseline differences between girls and boys were analyzed using
chi-square and independent sample ¢-tests. Cohen d formula
was used to calculate effect size. Baseline differences between
MHO and non-MHO adolescents were analyzed using chi-
square and independent sample ¢-tests.

Logistic regression analysis (stepwise method) and
Poisson regression analysis were performed to investigate the
associations between anthropometric/body composition data
and presence of MHO/abnormal cardiometabolic indicators
and number of comorbidities, respectively. A P-value<0.05 was
considered statistically significant.

Results
1. Cross—sectional analysis

Clinical files from 487 adolescents categorized as overweight
(52.6% girls, 88.1% white), with a mean age of 14.4 years (+2.2
standard deviation [SD]) and a mean BMI z-score of 2.74 (+1.07
SD), were analyzed.

Girls presented higher age (d=0.18, P=0.032), pubertal status
(P<0.001), and % BFM (d=0.64, P<0.001) compared to boys.
Conversely, boys presented higher weight (d=0.18, P=0.048),
height (d=0.60, P<0.001), BMI z-score (d=0.18, P=0.050), WC
(d=0.22, P=0.030), % SMM (d=0.52, P<0.001), ALT level (d=0.44,
P<0.001), and maximum rate of oxygen consumption during
incremental exercise (VO,max) (d=0.48, P=0.030) compared
to girls (Table 1). However, because no sex differences were
found in the prevalence of MHO, girls and boys were analyzed
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together (Table 2).

High abdominal adiposity was observed in 95.7% of the total
sample (93.5% of MHO adolescents and 97.2% of non-MHO
adolescents, P=0.047) (Table 3).

A total of 200 adolescents (41.1%) fulfilled the criteria for
MHO. Adolescents categorized as MHO showed lower age
(d=0.19, P=0.050), BMI (d=0.52, P<0.001), BMI z-score (d=0.51,
P<0.001), WC (d=0.55, P<0.001), % BFM (d=0.33, P=0.001), and
overweight duration (d=0.26, P=0.026) compared to non-MHO
adolescents (Table 3).

Except for IR and altered ALT levels, which were less pre-
valent in MHO adolescents (36.4 vs. 54.7%, P<0.001; 24.0 vs.
32.8%, P=0.046) than in non-MHO adolescents, none of the
other explored metabolic and inflammatory indicators not
included in the MHO definition (i.e., TC, LDL-C, and CRP)
were statistically different between MHO and non-MHO
adolescents.

Ninety-three adolescents (46.5% of the MHO group and
19.1% of the total sample) had none of the metabolic indicators
considered (Table 3).

According to the logistic regressions performed, BMI z-score
was the only anthropometric/body composition variable
associated with MHO status. Additionally, BMI z-score was
associated with hypertension, IR, and inflammation. A higher
BMI z-score decreased the odds of MHO (OR, 0.6; 95% CI,
0.4-0.9; P=0.008) and increased the odds of hypertension (OR,
2.1;95% CI, 1.4-3.3; P=0.001), IR (OR, 2.4; 95% CI, 1.4-4.1;
P=0.001), and proinflammatory status (OR, 1.2; 95% CI,
1.1-1.3, P=0.002). Higher WC was associated with increased
odds of abnormal TC level (OR, 1.1;95% CI, 1.0-1.2; P=0.001).
According to Poisson regression analysis, WC was associated
with number of comorbidities observed (F[1,486]=23.041,
P<0.001) withan R* 0f 0.217 (Table 4).

2. Longitudinal analysis

A total of 176 adolescents (36.1% of the total sample, 90.1%
white) was included in longitudinal analysis. The longitudinal
sample presented a mean age of 14.3 years (+2.2 SD) and a
mean BMI z-score of 2.83 (+0.95 SD). The time elapsed between
assessments was 13 months (+6 SD).

At baseline, girls (54.5%) presented higher pubertal status
(P<0.001) and % BFM (d=0.39, P=0.015) compared to boys. On
the other hand, boys presented higher weight (4=0.32, P=0.043),
height (d=0.56, P<0.001), BMI z-score (d=0.40, P=0.012), %
SMM (d=0.35, P=0.038),and ALT level (d=0.40, P=0.006) (Table
1).

High abdominal adiposity was observed in 96.0% of the
longitudinal sample (95.6% in the MHO group and 96.3% in the
non-MHO group) at baseline (P=0.800) (Table 3).

A total of 68 adolescents (38.6%) was categorized as MHO.
These adolescents showed lower BMI (d=0.41, P=0.008), BMI
z-score (d=0.40, P=0.012),and WC (d=0.40, P=0.020), compared
to non-MHO adolescents (Table 2). Around 44% (n=30) of
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Table 1. Participants' characteristics
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Cross-sectional sample

Longitudinal sample

Characteristic - P-value Total . P-value Total
Girls Boys Girls Boys

Race, Caucasian 222/256 (86.7) 01/231(87.0) 0.998" 237/487 (88.1) 88/96 (91.7) 72/80 (90.0) 0.294"  160/176 (90.9)
Age (yr) 14.5+2.2 14.1+2.1 0.032 144422 144420 14.1+2.1 0410 143420
Age (mo) 175426 170425 0.033 172426 173424 170425 0429 171424
Weight (kg) 82.9+186 86.8+24.1 0.048 84.7+21.5 81.5+159 88.2+25.5 0.043 84.6+21.0
Height (cm) 1589+7.5 164.3+£10.6 <0.001 161.5+9.5 158.3+7.9 163.6+11.0 <0.001 160.7+9.8
BMI (kg/mz) 32.61+6.07 31.68+6.28 0.098 32.1746.18 32.34+4.85 3245+6.33 0.899 32.39+5.82
BMI z-score 2.65+1.09 2.84+1.03 0.050 2.74+1.07 2.65+.82 3.03+1.06 0.012 2.83+.95
WC (cm) 1013129 104.3+£14.7 0.030 102.7£13.9 101.6+£10.8 105.9+16.8 0.078 103.4+13.8
Pubertal status <0.001" <0.001"

Tanner stage I 28/248 (1 1.3) 70/218 (32.1) 55/466 (21.3) 10 (104) 24 (30.0) 34(19.3)
Tanner stage lll 35/248 (14.1) 40/218 (18.4) 36/466 (14.0) 11(11.5) 13(16.3) 24 (13.6)
Tanner stage IV 38/248 (153) 46/218 (21.1) 50/466 (19.4) 17.(17.7) 19(23.7) 36 (20.5)
Tanner stage V 147/248 (59.3)  62/218 (28.4) 117/466 (45.3) 58 (60.4) 24 (30.0) 82 (46.6)
BFM (%) 44.2+5.7 (256) 40.1+£7.2(231)  <0.001 42.2+6.8 (487) 443448 42.0+69 0.015 433459
SMM (%) 31.1+4.0 333444 <0.001 321443 31.0£2.8 32.244.1 0.038 31.64£3.5
SBP (mmHg) 119412 118+13 0.539 118.1+£12.6 119411 117413 0463 118+12
DBP (mmHg) 63+10 62+10 0.459 62.5+10.2 62410 6249 0.961 62410
Glucose (mg/dL) 83.7£11.8 85.5+8.5 0.072 84.6+10.4 83.8+74 86.1+8.5 0.053 84.9+8.0
Insulin (UIU/mL) 21.7€114(229) 209+14.1(211) 0.892 21.3+12.8 (440) 22.8+11.2 21.0£12.5 0.333 22.0+11.8
HOMA-IR 461+2.74(229) 4.50+3.50 (211) 0.729 4.56+3.12 (440) 4.80+2.52 452+2.79 0.519 4.67+2.64
TC (mg/dL) 153.1431.1(256) 154.0429.5(231) 0757  153.5430.3 (487)  154.3+29.9 15794321 0.453 156.0£30.9
LDL-C (mg/dL) 86.6423.4 (224)  90.0+£25.5 (209) 0.155 88.2+24.4 (433) 88.1+25.9 91.8+26.6 0.370 89.7+26.2
HDL-C (mg/dL) 489+11.2(256) 47.8+11.1(231) 0.330 484+11.1(487) 47.5+9.7 499+11.1 0.132 484+11.1
TG (mg/dL) 84.7+45.6 (256) 88.2+45.7 (231) 0417 86.4+45.6 (487) 93.2453.6 91.5+40.0 0.823 92.4+47.7
ALT 19.6£10.6 (230)  25.6+16.6(213)  <0.001  22.5+14.1 (443) 21.6+10.1 2824186 0.006 2474150
CRP (mg/dL) 0474064 (221) 0434062 (227) 0650  0.45+0.62 (451) 0374052 0.43+0.48 0.580 0.40+0.50
amT 103.0+25.1(109)  94.2+21.0 (103) 0.052 99.3+23.8 (211) - - - -
VO,max (mlL/kg/min)  20.4+2.6 (109) 21.943.7 (103) 0.030 21.0£3.2 (211) - - - -

Values are presented as mean+standard deviation (number) or number (%).

BMI, body mass index; WC, waist circumference; BFM, body fat mass; SMM, skeletal muscle mass; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HOMA-IR, insulin resistance assessment; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; TG, triglycerides; ALT, alanine aminotransferase; CRP, C-reactive protein; cIMT, carotid intima-media

thickness; VO,max, maximum rate of oxygen consumption.

‘Analysis performed with x’. "Carotid intima-media thickness/artery diameter ratio.

the adolescents categorized as MHO at baseline became non-
MHO over time. On the other hand, around 31% (n=33) of the
adolescents categorized as non-MHO became MHO over time.
According to the logistic regressions performed, no
associations were found among anthropometric or body
composition variation and MHO status at the second
assessment. However, BMI z-score variation was positively
associated with hypertension, IR, and abnormal ALT level in
the subsample. An increase in BMI z-score increased odds of
hypertension (OR, 1.7; 95% CI, 1.0-2.7, P=0.045), IR (OR, 2.7;
95% CI, 1.4-4.1, P=0.004), and abnormal ALT level (OR, 1.9;
95% CI, 1.1-1.3, P=0.026). In addition, according to Poisson
regression analysis, increased BMI z-score was associated with
number of comorbidities observed at the second assessment
(F[1,175]=13.009, P=0.001), with an R’ of 0.135 (Table 4).

Discussion

There is robust discussion about the existence of a metaboli-
cally healthy phenotype, associated with a lower cardiovascular
risk, in overweight adolescents. Although this low-risk group
may exist, the definition of MHO and its implications for clinical
practice are not agreed upon by experts and practitioners.

In this study, 200 adolescents (41.1%) were categorized as
MHO. This finding is inconsistent with findings of Cadenas-
Sanchez et al.” who report an MHO prevalence of 80%, as
well as findings of Heinzle et al.” which (based on a similar
definition of MHO as herein) reports an MHO prevalence of
56.3%. This discrepancy in MHO prevalence across studies
may be explained by differences in characteristics of the sample
population—particularly in terms of recruitment and body
weight/BMI. Reporting the lowest prevalence of MHO among
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Table 2. Baseline differences between metabolically healthy and nonmetabolically healthy adolescents.

Cross-sectional sample

Longitudinal sample

Variable MHO Non-MHO P-value MHO' Non-MHO P-value
Race, Caucasian 177/200 (88.5) 246/287 (85.7) 0.363' 62/68 (91.2) 98/108 (90.7) 0.505'
Overweight, BMI 85th-97th percentile 34(17) 10 (3.5) <0.001" 11(16.2) 5(4.6) 0.009"
Sex, girls 106 (53.0) 150 (52.3) 0873 34(50.0) 62 (57.4) 0337'
Age (mo) 170+26 175426 0.050 169+24 173425 0.380
BMI 30.3745.22 33424649 <0.001 31.01+5.02 33.2746.13 0.008
BMI z-score 244+ 95 2.96+1.09 <0.001 2.60+.87 2.97+97 0.012
WC (cm) 98.4+11.7 105.6+14.5 <0.001 100.4+10.5 105.6+154 0.020
Tanner stage 0.804" 0.804"

Il 49/188 (26.1) 49/278 (17.6) 16 (23.5) 18 (16.7)

Il 26/188 (13.8) 49/278 (17.6) 11(16.3) 13(12.0)

\% 33/188 (17.5) 51/278 (18.4) 13(19.1) 23(21.3)

V 80/188 (42.6) 129/278 (46.4) 28 (41.1) 54 (50.0)
BFM (%) 40.9+6.4 (200) 43.1+6.9 (287) 0.001 42.746.2 436 (5.8) 0.373
SMM (%) 32.644.1 31.8+4.4 0.056 319438 313(3.3) 0.311
VO,max (mL/kg/min) 214424 20.8+3.7 0.321 - -
OW duration (mo) 96+49 109453 0.026 95437 113452 0.022

Values are presented as mean+standard deviation (number) or number (%).

MHO, metabolically healthy overweight/obese; BMI, body mass index; WC, waist circumference; BFM, body fat mass; SMM, skeletal muscle mass;

VO,max, maximum rate of oxygen consumption; OW, overweight.

"MHO defined as the absence of any abnormal cardiometabolic indicator (i.e., blood pressure, glycemia, high-density lipoprotein cholesterol and

triglycerides). "Analysis performed with y’.

Table 3. Presence and overtime changes in altered cardiometabolic indicators

Cross-sectional sample

Longitudinal sample

: 5 Baseline Overtime changes
Variable MHO Non-MHO  P-value TR T P-value T a0 P-value
Abdominal obesity 187/200 (93.5) 279/287 (97.2)  0.047° 65/68(956)  104/108 0.800°  61(89.7) 101(935) 0363
(96.3)
Hypertension 0(0) 34(467)  <0.001" 0(0) 54(50.0) <0.001" 14(06) 39(36.1)  0.029°
Hyperglicemia 0(0) 2(42) 0.003" 0(0) 5(4.6) 0072" 209 2(2.8) 0.949"
Low HDL-C 0(0) 186 648)  <0.001" 0(0) 63(583) <0.001" 16(235) 53(49.1)  0.001°
Hypertriglycerides 0(0) 56(19.5)  <0.001" 0(0) 56(23.1)  <0.001" 7 (103)  19(176)  0.184
HOMA-IR >90th percentile 63/173 (36.4) 146/267 (54.7) <0.001" 24/68(353) 59/108(546) 0.024° 17(250) 40(37.0)  0.093°
TC >95th percentile 11/200 (55)  21/287 (7.3)  0426' 5(7.4) 12(11.1) 0430°  6(88) 8(7.4) 0679
LDL-C >=95th percentile 8/170 (4. ) 16/263 (6.1)  0.541" 3(44) 9(83) 0309  7(103)  7(103) 0754
ALT =95th percentile 42/175 (24.0) 88/268(32.8) 0046  18(26.5) 48 (44.4) 0022° 11(162) 38352 0004
CRP >0.30 mg/dL 49/186 (26. 3) 75/265 (283) 06477 18(26.5) 21(19.4) 0147 8(118)  28(259) 0047
Absence of altered levels in 93/200 (465)  0/287(0)  <0.001" 23/68(338)  0/108(0) <0.001" 22(324) 14(130) <0.001"

all the metabolic indicators
investigated

Values are presented as number (%).

MHO, metabolically healthy overweight/obese; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin resistance assessment; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; CRP, C-reactive protein.

"MHO defined as the absence of any altered Metabolic Syndrome-based cardiometabolic indicator (i.e., blood pressure, glycemia, high-density
lipoprotein cholesterol and triglycerides). "Overtime within-group variation in the presence of altered cardiometabolic indicators (13+6 months
elapsed between assessments). The P-value refers to between-group differences at the second assessment time. ‘Analysis performed with y’.

the 3 studies, the findings herein may be explained by use of a
clinical population (with subjects who are likely less healthier)
and the higher average BMI in the current study compared to
that by Cadenas-Sanchez et al¥ (32.2+6.2vs.26.3+3.2).

Using a more conservative or restrictive definition of MHO
(including IR and CRP levels), Heinzle et al” report an MHO
prevalence of 7.6%, in agreement with the present results. In
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looking for alternative indicators beyond those included in
an MS-based definition of MHO (e.g., TC, LDL-C, IR, ALT,
and CRP), only 19.1% of the total sample showed none of the
established metabolic indicators.

It has been suggested that the presence of MS or MS-related
indicators are key features of metabolic health.” As suggested
in this study, however, several other metabolic indicators, which
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Table 4. Prediction of altered cardiometabolic indicators.
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Cross-sectional analysis

Longitudinal analysis

Variable B OR 95% Cl P-value B OR 95% Ci P-value
MHO’

BMI z-score -0.54 0.6 0.4-09 0.008
Hypertension’

BMI z-score | ABMI z-score 0.76 2.1 14-33 0.001 0.51 1.7 1.0-27 0.045
HOMA-IR =90th percentile’

BMI z-score | ABMI z-score 0.88 24 14-4.1 0.001 0.99 2.7 14-4.1 0.004
TC >95th percentile

WC 0.08 1.1 1.0-12 0.006
ALT >95th percentile

ABMI z-score 0.66 1.9 1.1-13 0.026
CRP >0.30 mg/dL’

BMI z-score 0.17 12 1.1-13 0.002
No. of comorbidities’

WC | ABMI z-score 0.23 1.0 1.0-1.0 <0.001 0.35 14 1.27-1.58 <0.001

OR, odds ratio; Cl, confidence interval; MHO, metabolically healthy overweight/obese; BMI, body mass index; HOMA-IR, insulin resistance
assessment; TC, total cholesterol; WC, waist circumference; ALT, alanine aminotransferase; CRP, C-reactive protein.
“Logistic regression analysis (Stepwise method). ‘Poisson regression analysis.

are not included in the definition of MS have an important
role in clinical assessment of metabolic health in overweight
adolescents.””

Indeed, when exploring the presence of alternative metabolic
and cardiovascular indicators other than those included in the
MHO definition, no statistically significant differences were
found between MHO and non-MHO adolescents regarding
presence of hypercholesterolemia (TC, LDL-C) or inflammation
(CRP). Statistically significant differences were found only
regarding altered ALT level and IR. The lower prevalence of
IR among MHO adolescents may be explained by use of a
coefficient of the HOMA calculation (glycemia) that is part
of the MHO definition, which in turn may explain the altered
ALT level. Altered ALT level is suggestive of nonalcoholic fatty
liver disease, which is associated not only with IR, but also
with high level of TGs and low level of HDL-C in overweight
adolescents.””

Together, these results show that the widespread, MS-based
definition of MHO is limited in assessing metabolic health in
overweight adolescents, suggesting that around half (46.5%)
of the adolescents categorized as MHO are not actually
metabolically healthy. Thus, a broader definition of MHO may
be more accurate for assessment in this context.

There is no consensus on the association of physical activity
level and intensity, cardiorespiratory fitness, or sedentary and
dietary behaviors with MHO, and the best anthropometric/
body composition predictors of MHO status are unknown.

Due to the retrospective design of the study, one of its
limitations is the lack of nutritional or physical activity
information. This omission prohibits any contribution
regarding potential associations between nutrition/physical
activity and MHO status. Nevertheless, we found no differences
in cardiorespiratory fitness between MHO and non-MHO
subjects in the cross-sectional sample of adolescents.

The literature shows that MHO adolescents tend to be
younger and have lower BMI/BMI z-score, WC, and %
BFM compared to non-MHO adolescents,”"""" which is in
accordance with our findings. Herein, BMI z-score was the
only anthropometric or body composition variable associated
with MHO status. Indeed, an increase in BMI z-score not
only decreased the odds of MHO (OR, 0.6), but also increased
the odds of hypertension (OR, 2.1), IR (OR, 2.4) and of
proinflammatory status (OR, 1.2). Additionally, WC was
associated with increased odds of abnormal TC level (OR, 1.1)
and with number of comorbidities in both groups. This suggests
that, even though there are complex interactions among factors
that may influence metabolic health in overweight adolescents
(e.g., physical activity, cardiorespiratory fitness), presence
and severity of overweight may be markers of an unhealthy
phenotype, especially regarding maintenance of overweight, as
suggested by our findings. Our longitudinal analyses showed
that increasing BMI z-score was associated with worsening
metabolic risk factors, which is in line with results reported by
other authors.™

Data from the Bogalusa Heart study suggest that MHO
children are 2.7-9.3 times more likely to become MHO adults
compared with children in other categories.”” However,
according to that study, 67.4% (31 of 46) of MHO children
became metabolically unhealthy either as overweight (34.8%)
or normal-weight (32.6%) adults. In line with these results,
in the present study, 44% of MHO adolescents became non-
MHO over time. Although we found no statistically significant
associations among BMI/BMI z-score variations and change
in MHO status, an increase in BMI z-score increased the odds
of hypertension (OR, 1.7), IR (OR, 2.7), and abnormal ALT
level (OR, 1.9), predicting in 13.5% the variation in the number
of comorbidities observed over time. These results reinforce
the idea that an increase in BMI z-score is associated with
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worsening of cardiometabolic health.

It is a matter of debate whether MHO adolescents stand to
benefit from weight-management lifestyle interventions that
focus on dietary and physical activity"—these adolescents may
not gain metabolic health benefits from these interventions
as they are already metabolically sound. This study shows
that almost half (44%) of adolescents characterized as MHO
may develop an unhealthy metabolic phenotype over time
(based on the definition of MHO) if a decrease in weight is
not achieved, even if these adolescents are enrolled in weight-
management lifestyle interventions. Moreover, it is expected
that with increasing age, a decrease in physical activity and an
increase in sedentary behaviors™” may contribute to increase
in % BFM and BMI over time. In addition, because adolescence
is a critical period for acquisition of healthy behaviors,™ it
seems crucial to influence health behaviors throughout this
age period to prevent future health adversities. Thus, MHO
adolescents stand to benefit from weight-management lifestyle
interventions as much as their non-MHO peers. Indeed,
current guidelines recommend weight loss for all children and
adolescents classified as overweight, without differentiating
between metabolic health phenotypes.”*” Instead, these
guidelines highlight the need for weight loss prior to weight-
related comorbidities, which may lead to severe clinical and
psychosocial conditions.

Other limitations of this study are the small sample used in
the longitudinal analyses, which represents around 36% of the
total sample, and the insufficient data on cardiorespiratory
fitness (VO.max) at the second assessment. This insufficient
data prohibited cardiorespiratory fitness variation analysis
(as well as analysis of its association with MHO phenotype).
Even considering these limitations, together with a possible
selection bias, the sample used in the longitudinal analyses is
a good representation of the total sample (as shown in Table
1). Moreover, inclusion of longitudinal analyses is a strength of
this study as the majority of similar studies use a cross-sectional
design, prohibiting understanding of the clinical evolution of
participants.

Despite its limitations, this study shows that the definition
of MHO should not be exclusively based on MS and should
include other metabolic indicators commonly affected in
overweight populations including TC, LDL-C, CRP, and insulin
levels; HOMA-IR; and hepatic function. Stratification of
overweight adolescents based on metabolic health phenotype
may be relevant to identify those who should be targeted as high
priority for more intensive interventions. Nevertheless, it is our
conclusion that all overweight adolescents should be enrolled in
weight-management lifestyle interventions.

Li et al.”™ cited in their study a well-known expression of
Reaven from 2005 stating, "all obese individuals are not created
equal,”” to argue that MHO children may show comparable
cardiometabolic profiles to their metabolically healthy normal-
weight peers, and that "inequality” in the cardiometabolic
consequences of overweight starts in childhood. While we agree
with Li et al., the present study raises the question whether this
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‘inequality” may decrease over time when accompanied by
increase in overweight severity.
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