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The objective of this technical report is to provide clinicians with
actionable evidence-based information upon which to make treatment
decisions. In addition, this report will provide an evidence base on
which to inform clinical practice guidelines for the management and
treatment of overweight and obesity in children and adolescents.

To this end, the goal of this report was to identify all relevant studies to
answer 2 overarching key questions: (KQ1) “What are effective
clinically based treatments for obesity?” and (KQ2) “What is the risk of
comorbidities among children with obesity?” See Appendix 1 for the
conceptual framework and a priori Key Questions.

INTRODUCTION

Obesity is a common concern in pediatric practice. In caring for
patients with obesity or patients who may be at risk for developing
obesity, clinicians have many unanswered questions. Examples of these
questions include: What is the best way to identify excess adiposity,
and does the identification of obesity provide opportunities for
treatment? If so, what evidence-based interventions for obesity
treatment, delivered at least in part by clinicians in office-based
settings, are most effective? Among children and adolescents identified
as having obesity, does screening for comorbidities result in improved
health outcomes?

Many previous studies, most notably conducted by the US Preventive
Services Task Force, have synthesized research regarding the treatment
of obesity.! Unfortunately, some important gaps remain unfilled. The
US Preventive Services Task Force recommendation was that obesity
treatment should include at least 26 hours of contact, including clinical
care and other behavioral intervention (eg, guided physical activity).
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However, subsequent studies have
failed to demonstrate a consistent
hours-based dose-response. In
addition, feasibility studies have
clearly shown how unrealistic it is
for primary care or tertiary care
providers to deliver this many
hours of treatment in real-world,
clinical settings.? Additional
information is needed about
resources or partnerships that
help reach that contact hour

goal, the essential components
delivered during these contact
hours, the period of time over
which this care is delivered,

and information about lower-
intensity strategies with some
effectiveness.

Of particular concern for primary
care pediatricians is the need to
understand how to approach
recommendations for screening
comorbidities in their patients
with obesity. Although previous
recommendations have supported
screening for common
comorbidities, such as
dyslipidemia and diabetes, there
has been conflicting evidence
regarding timing and effectiveness
of screening. Additional data

are now available that provide
clinicians and researchers with
information about comorbidity
prevalence and severity by

obesity class. The intent is to help
the clinician screen for
comorbidities when there is a high
likelihood of detecting an
abnormality and when detection of
that abnormality leads to treatment
options that can improve child
health. Obesity classifications,
including a more granular
categorization of obesity as classes |
through III, might assist clinicians in
determining for whom screening
would be most useful rather than
viewing screening as a
homogeneous approach for anyone
whose BMI is >95th percentile.

2

METHODS

Scope of the Review

This review was designed to answer
2 overarching key questions:

(KQ1) “What are effective
clinic-based treatments for obesity?”
and (KQ2) “What is the risk of
comorbidities among children with
obesity?” We developed this focus
based on the needs of clinicians and
the evidence required to inform the
future development of clinical
practice guidelines. This review will
not attempt to quantify the
magnitude of the effect of obesity on
child or adult outcomes. It will also
not attempt to address treatment
strategies for comorbidities

(eg, hypertension), as other
guidelines and reviews are available
to guide such treatment.

Rationale for KQ1 (Intervention Studies)

Clinicians are a regular source of
trusted information for parents,
including issues related to nutrition
and activity, which are key
components of obesity prevention
and treatment. Clinicians need to
know what strategies have high-
quality evidence for effectiveness in
preventing and treating obesity.
Additionally, physicians need
guidance on which treatments are
effective for their patient population
and how to use available resources.
The full results of KQ1 are reported
in an accompanying technical
report.3

Rationale for KO2 (Comorbidity Studies)

Previous recommendations have
included assessments of
comorbidities, including
hypertension, dyslipidemia, glucose,
and others. It is not clear whether
these assessments identify
important health conditions or lead
to improved treatment strategies.
Additionally, it is not clear whether
conducting these assessments would
result in an adverse patient
outcomes, such as further
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investigation for false-positive
screening results. We will examine
specific conditions previously
recommended or that would
reasonably require screening, as
identified by the authors:
dyslipidemia, hypertension, diabetes,
liver function, depression, sleep
apnea, and asthma. This is not
intended to be a comprehensive list
of all conditions comorbid with
obesity but represents those most
common and for which screening is
potentially helpful.

Search Strategy

We searched Pubmed and CENTRAL
(for trials), completing the final
search on April 6, 2018. An
additional search was conducted to
update the review, covering the time
period April 7, 2018, through
February 15, 2020. We combined
the searches for both key questions
because of significant overlap and to
more efficiently review studies.
Because our focus was on
interventions that are relevant to
primary care, we did not search
other databases, such as ERIC or
Psyclnfo.

The complete search strategies are
included in Appendix 2. Briefly, we
searched for studies of children or
adolescents, with a focus on
overweight, obesity, or weight
status; involving clinicians, health
care, or other treatment or
screening (KQ1); and examining
common comorbidities (KQ2). For
both questions, we limited only
using key words, not filters, to
ensure we included the newest
studies that were not yet fully
indexed. No date limits were placed
on searches. In practice, this meant
we reviewed studies from 1950 to
2020, although <2% were published
before 1980.

Inclusion Criteria

The complete inclusion criteria are
included in Appendix 3.

SKINNER et al



17033 references imported for screening

15988 studies screened against title and abstract

_’| 1045 duplicates removed |

14346 studies excluded |

1642 studies assessed for full-text eligibility ”

1260 studies excluded
290 EX1: Not original research
183 EX5: (KQ1) Primary aim not to compare comorbidity
by obesity
170 EX10: (KQ2-3) Not clinic or health care system
based
120 EX6: (KQ1) No prevalence reported
110 EX8: (KQ1) No BMI comparators
83 EX4: Not children 2-18
\ 77 EX3: Not OECD country
75 EX9: (KQ2-3) No comparison group
28 EX2: Not English
33 EX7: (KQ1) Wrong comorbidity measure(s)
28 EX13: (KQ2-3) Outcomes less than 3 months/12
weeks/90 days
28 EX12: (KQ2-3) Primary outcome is not obesity
18 EX11: (KQ2-3) Intervention does not primarily
address obesity
13 Unavailable
3 EX14: Exogenous or medication-induced obesity

382 studies included:

215 Intervention studies
- 126 Lifestyle RCTs
o 54w/ true control
o 72 Comparative effectiveness
- 27 Rx Trials
- 43 Observational lifestyle

- 8Observational Rx
- 11 Surgical 167

Comorbidity studies

FIGURE 1
PRISMA Diagram.

Inclusion Criteria Common to All Studies

All studies were required to include
children ages 2 to 18 years,
although studies could also include
young adults up to age 25 if
stratified from older adult
participants, as long as children
under 18 were also included.
Children could have other
conditions (eg, asthma) as long as
they were not known to cause
obesity, such as Prader-Willi
syndrome, obesogenic medication
(eg, antipsychotics), or known
genetic mutations (eg, MC4R)
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associated with obesity. All studies
had to originate from the
Organization for Economic
Cooperation and Development
member countries and had to be
available in English.

Inclusion Criteria for KQ2 (Comorbidity
Studies)

We included studies with a primary
aim of comparing comorbidities
among those with and without
obesity or by severity of obesity.
Obesity and the comorbidity had to
be measured contemporaneously to

reflect the practice of clinical
screening. Obesity had to be
categorized using a BMI-based
measure into accepted categories
(ie, healthy weight, overweight,
class I obesity, class II obesity,
class III obesity).

These categories could be based on
percentiles or z-scores and could
use the distributions relevant to the
studied population (eg, World
Health Organization [WHO] or the
US Centers for Disease Control and
Prevention [CDC]). Comorbidities
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Population Info

Weight Definitions

P

Healthy ~ Overweight  Class | Class Il Class Il

Total

Subgroup (eg, M/F)

Definition of Abnormal

Ages (y) N

Country

First Author

<.001
<.001

28.1

3.8
6.5

Males

NCEP values

6-16 284

Turkey

Serap

Pediatric

443

Females

endocrinology

patients
NHANES 1999-2002

<.05 both

12.7 25.6

5.8
11.04

8.5%

<35 mg/dL
<40 mg/dL

4450

12-19

USA

Pan

36.21

31.81

811y

1698

8-14

USA
NR, not reported; NS, not significant; NHANES, National Health and Nutrition Examination Survey; KNHANES, Korean National Health and Nutrition Examination Survey.

Messiah

had to include 1 or more of: lipids,
blood pressure, liver function,
glucose metabolism, obstructive
sleep apnea, asthma, or depression.

See the other technical report for a
detailed description of KQ1
inclusion criteria.®

Review Process

We used Covidence (Melbourne,
Australia) to manage the review
process. Covidence is a program for
online collaboration and
management of systematic reviews.
All abstracts were reviewed by 2
independent reviewers for inclusion
in full-text review. Articles were
reviewed by 2 reviewers, with
conflicts discussed and resolved.
Articles excluded at this stage were
assigned an exclusion reason, with a
hierarchy as shown in Appendix 4.

Data Extraction and Quality Assessment

All articles deemed relevant for full
text inclusion were categorized into
different data extraction strategies.
We did not include a specific quality
assessment for the comorbidity
studies.

K02 (Comorbidity Studies) Extraction

All studies were extracted by 2
reviewers. Extraction of these
studies included reporting
prevalence of comorbidities or mean
values of laboratory parameters by
weight classification. We included
healthy weight, overweight, class |
obesity, class II obesity, and class 111
obesity. However, because all classes
of obesity severity are not always
reported, these classes may include
higher groups. For example,
reporting of =95th percentile would
only be considered class I obesity,
although children at higher levels
may be included. (See other
technical report for detailed
description of KQ1 extraction
procedures.)

Data Synthesis and Analysis

Our primary method of data
synthesis is narrative. To allow
broad inclusion, we did not limit to
specific designs or measures that
would facilitate meta-analysis. We
report on studies in each group,
based on their type and design, and
we report findings for outcomes
other than BML

RESULTS

A total of 15 988 studies were
screened in the title and abstract
stage. Of these, 1642 were given a
full-text review. Excluded studies
(n = 1260) were most commonly
not original research, did not
compare comorbidities by obesity
(KQ2), or were not health-care
system based (KQ1). See Fig 1 for
the complete PRISMA diagram. Of
the 382 studies included, 215 were
intervention studies and 167 were
comorbidity studies. This paper
focuses on the 167 comorbidity
studies.

Lipids
HDL Cholesterol

A total of 39 studies examined the
prevalence of abnormal high-density
lipoprotein (HDL),* ** whereas 49
provided mean values for HDL.>"#1
13,18,22,24,32,33,35,36,40-74 aple 1
reports the prevalence of abnormal
HDL. Different countries report
significantly different prevalence of
abnormal HDL, with Korea having
the highest prevalence'®3° and
Japan the lowest.*? The majority of
the 39 reported studies reporting
the prevalence of abnormal HDL
were conducted in the United States
(24 of 39). Abnormal HDL was
defined variably as <35 mg/dL, <40
mg/dL, and <50 mg/dL or <1.0
mmol/L. The most consistent
findings were seen when using the
definition of <40 mg/dL and when
larger sample sizes were included.
There was consistency of an inverse
dose-response relationship, with
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£ E & EE £ £ £|§E weight and overweight, but the
=<
= revalence is similar regardless of
o
s o o= s o |E sex once children are categorized as
© N — D ~ © =1 . .
= B = 2 obese."*?° Studies conducted in
= .
s other countries also report
=l - . - & o § differences by biological sex, but not
~ o
gl & b d 3 SR E always in the same direction or to
& = s = |s 9,19,35,42 ;
B the same degree.””””>** Caution
=
g should be used in interpreting these
j5)
E S results when small sample sizes
. -
2l e k] o 3 S were used.
o ] > < <
ho] c c < < =< =3 =
ey @© © S o «X ] =
3 (&) S ~z o > - <
= z Table 2 reports the mean HDL
+ oo
S e o0 g values. Mean HDL values
=} ©
~ 5| g " £ s |& corroborate the findings regarding
(1) <| = c 2 s ©
= | 5 o = s ¥ |2 the prevalence of abnormal HDL,
@ £ B b E s 3 3 :
= E= highlighting that age, sex, and
8 SKINNER et al
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TABLE 3 Continued

10

Subgroup

Definition of

Population Info

Weight Definitions

Class Il Class Il P

Healthy Overweight Class |

Total

(eg, M/F)

Abnormal

Ages (y)

Country

USA

First Author

Adolescent clinic

135

86.4

96.5

363 >130 mg/dL Males

11-18

Gunes

patients
Adolescent clinic

612

89

86.4

Females

patients
Pediatric weight

NR

10

847 >3.4 mmol/L

517

Hadjiyannakis Canada

management

program patients

NR, not reported; NS, not significant; 0B, obese; SO, severe obesity.

country affect the findings of mean
HDL values. Also apparent is the
importance of sample size to lead to
a stable mean value. Several of these
studies reported mean values for
large age ranges. In almost all of
these studies, mean HDL decreases
as weight category increases,
validating the association between
the 2.

LDL Cholesterol

A total of 26 studies examined the
prevalence of abnormal low-density
lipoprotein (LDL),4'10'12'13'15'16'

18,19,21-24,26,2 1,34- 41
819, 126,28,31,34-3841 \hereas 41

provided mean values for LDL.>™®

10,13,18,22,24,33,35,36,40,41,43-46,50-52,
54-67,69,70.72-75 Taple 3 reports the
prevalence of abnormal LDL.
Approximately half (n = 13) of the
studies evaluated children 9 years
or older, a time point associated
with physiologic increases in LDL
cholesterol.”® The remaining studies
included children as young as 3 and
up to 19 years of age. Sample size
varied from 101 to 29 286; 13 of
23 studies reported sample sizes of
1000 or greater. One challenge in
interpreting these data are the
variation in definition of and
reported units for abnormal LDL.
Authors defined abnormal LDL as
>110 mg/dL or >2.6 mmol/L
through >130 mg/dL or >3.4 mmol/
L. In 1 instance, authors used >75th
percentile of National Cholesterol
Education Program (NCEP)
standards.?* In nearly all the
studies, abnormal LDL was more
prevalent in children with
increasing BMI, and when
comparing healthy weight with
obesity, this difference consistently
achieved statistical significance. The
majority of studies did not include a
significant number of children in
each obesity classification;
therefore, it is difficult to conclude
whether abnormal LDL is more
common by obesity classification.
Among the 3 studies that reported
male and female LDL separately,

Downloaded from http://publications.aap.org/pediatrics/article-pdf/151/2/e2022060643/1440848/peds_2022060643.pdf

there was not a significant
difference at any weight
classification.>?**1935 Similarly to
the LDL prevalence studies, the
most evidence for mean LDL in
populations includes children of
school age and older (Table 4). Only
1 of the identified studies
exclusively included children
younger than 5 years*®; therefore, it
is difficult to draw conclusions in
this younger age group. Sample size
of the reported studies ranged from
41 to 2244. Several, but not all,
studies reported male and female
LDL levels separately. Mean LDL
was reported in some cases in
mg/dL and in other cases as mmol/L.
Across all studies, mean LDL tended
to increase with increasing BMI;
however, only the difference between
healthy weight and obese consistently
achieved statistical significance.

In 1 Korean study that evaluated
mean LDL in 1998 and again in 2001,
secular increases in mean LDL were
also observed.!” Although in some
cases, females have higher mean LDL
than males at matched age and BMI,
this difference was inconsistent and
did not achieve statistical significance.
However, the difference between
mean LDL when comparing healthy
weight and obesity was more
pronounced in males than females. It
is interesting to note that in all
studies, even in the highest BMI
subcategories, mean LDL values did
not exceed commonly accepted
definitions for normal.

Triglycerides

A total of 38 studies examined the
prevalence of abnormal triglycerides
(TG),+26:28-32.34-42 \ypareas

48 provided mean values for TG.>™®
10,13,18,22,24,32,35,36,40-60,62-75,77 10
5 reports the prevalence of
abnormal TG. About half of the

38 reported studies were conducted
in the United States (20 of 38).
Country comparisons are not
possible given the variety of cutoff
values employed. However, there is

SKINNER et al
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= = consistency of a dose-response
2 2 8 . R . .
2 s o 5 5 2 E relationship with increasing weight
= g S c B = o o - o 23 . : .
< g & 58 & £ £ E§EB®S category associated with higher TG
S S & e e T T FTecoe
5 i 2 E 2S£ £ £2gg2:s E =z prevalence in most settings studied.
2 2 s = 8238822 w§ . . )
& g8 2 §2 & 3 g 2 g 5 é = Few studies provide detailed
S = = © <51 =) =) S 1S . . .
& E5 28 & = = & 8 information broken down by obesity
° class, so less can be concluded when
5 X = L
2 S g examining the prevalence of
= & =
5 2 g abnormal TG and increasing severity
el 12} o
g £EEE£s of obesity status. When studies
> D B D B
= o =z report larger age ranges, it is
2 = _ difficult to see these distinctions,
— — — o o = el ~ .
L1888 8 28888 88®28 2 8§ I 2 and the mean prevalence might be
vV VvV V \% vV V. V V \Y < . . . .
B = masking any potential differences in
2| = g - prevalence at the younger versus
< . el
=1 " older ages. A few studies stratified
2 o - their findings by gender, but the
© .
S © = pattern of high TG prevalence was
s e = o RN A = not always in the same direction or
2le88E & I=2ded=c % S =2 = ~ .
B = . to the same degree. Caution should
« ey = N N N
o 3 be used in interpreting these results
o .
2l « - o - © = ® when small sample sizes were used.
R TR - S ) N NS T T ) 5 I e
(= = -
e 0 g Table 6 reports the mean TG values.
- £ The sample sizes of the studies
R Y@~ @ © o © 2o~ S
Elegemw - ®~o 2= 8~ 2|z presented vary from 41 to 3978. In
= . <5
g ~ s almost all of these studies, mean TG
~ = . .
- e value increases as weight category
_ ® g . 1 -
| S 38 increases, validating the association
- o~ © )
o ~ o between the 2. In the majority of
W N
s = £ studies, the mean TG value is <130
o = T
&=l 22 3 8 8 8 8 € mg/dL.
Q b » s 2 o [ =] » =] 7 = =
> @ @ = < @ @ < < o0
@ 8 8 < 5§35 cc0=5cos 5 S 5 @
- N = o= 0 = L= = i = i =
B 2 Total Cholesterol
S -
£ 2 . .
5 . = A total of 23 studies examined the
o = 3
= - = £ - 5 prevalence of abnormal total
RS = g 3 T 3T = S s = s|g _ -
HESE . S %3 g =S S = cholesterol 6-10:12131516,18,19,21-24,
=| EE E > E EEE < E £ Els 27,28,34-38,78 :
El2g wag 3 29 £ 2 “ 8|2 h *’® whereas 42 provided
3 N =] N -~ x P - - —
SlAAN A E ALAAN =N A A ME mean values for total
S
g cholesterol] >~#10:13.18.22,
© ey 2 ggwv s 2 5 o2 24,32,33,35,36,43-47,49-55,57-59,
-|EZEEE £ EEBZ B8 8 T 25
5 61-66,69-75,79 |
£ n large (>20 000)
£ ) .
- g population based studies, the
Sl ~o - R o ~ ~|5 prevalence of abnormal cholesterol
3 S 1 | | | | | | | | | | = . .
glge =° ©ogee wa = © S5 (>200 mg/dL) in children of normal
=
° weight ranged from 7.5% to 8.3%,
©
= £ in children with overweight ranged
=i © .
5 . o . - = o £ from 10.0% to 12.7%, and in
S © [S) k=) = g = S = } . ]
g 5 § § g § 335 ZE 5 E 3|5 children with obesity rang(le;ilfGrg)lm
£ - 2 14.5% to 16.9% (Table 7).7>"
f s = . .. . .
S g % 5 2 % There was a significant difference in
1 1 = = £ 2 g = prevalence of elevated cholesterol
w <| 3 S o & > 8 Fallie 3 = g2 i i
= 2l £ g £ = c 28 s8¢ 2 5 S between children of normal weight
= zl=< 333 8 &=8 =2z 3 £ e . . .
= g and children with overweight and
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obesity. In 6 medium-sized studies
£ é . § . 25 of children (n = 2000-9000),
= S S =B . . . o e
= sT8, T8 _ 8% 2 studies did not provide statistical
u_gf £t ESE825ESE888588 testing. In the remaining 4 studies,
S 2 5 33 2 studies used >200 mg/dL as a
g o - cutoff for abnormal cholesterol, and
|52 £ 2 2 studies used >170 mg/dL and
Sl £ ¢ £9 ¢ >4.4 mmol/L. One study showed a
2 VER Vg R significant difference in the
=| = S
= = prevalence of elevated cholesterol
2 4 among children of normal weight
2| €8 g 3 and children with obesity; a second
2| 25 2§ study was significant only for males.
S E S E One study did not report results for
& & normal weight children. The range
of prevalence of elevated total
cholesterol for children with healthy
= weight was 16.9% to 31%, for
— — o~ — © . .
S S 5 88X children who were overweight was
_ v v v 10.0% to 34.5%, and for children
P . with obesity was 14.3% to 35.5%.
s T There were 16 studies of children
2 3 , including 100 to 1412 children.
) = 2 Three studies did not provide
a2 3 2 . . s
gl ° . ] bt statistical testing. Of the remaining
o o < w2 13 studies, 6 used 200 mg/dL as a
=1 s R
g = S cutoff for abnormal values, 4 used
g g 170 mg/dL, and 2 used NCEP
< o
=] guidelines. Five studies did not
= 2 include children with healthy
Sl e R weight. In the 7 studies remaining,
'é 4 showed significant differences in
= o — 2 total cholesterol between children
5 e . . .
= 83|y with healthy weight and children
g with obesity.
2 o~ e
S 2
o0 T %) wl|Q . .
S¥ g 2 2 2|2 Of the 42 studies reporting mean
= § £ i cholesterol levels, 3 studies did not
2 E 3 3 |3 report statistical testing (Table 8).
< =z = |
= E E |2 Of the remaining 39 studies, 13
£ reported significant differences
= é - between mean cholesterol levels in
g children with healthy weight and
| w 2 children with obesity. One study
2| & § 4 | reported significant differences in
=| 2 = ; males but not females, 1 study
_ 5 reported significant differences in
§ < £ females but not males, and a third
o S| g - 5 = reported differences in both sexes.
Ll < Q (o
3 & 5 s |=
B . © Dyslipidemia
[} 5| 5 =
© § E s |£ An additional 6 studies examined
g 7 §§ § %" § the prevalence of dyslipidemia.'32%
= z 80-83 Table 9 reports the prevalence
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of dyslipidemia (n = 6). The

likely reason for the low number
of studies in this category is the
high variance in how dyslipidemia
is defined. In 2 of these studies,
similar criteria were listed: low
HDL, high LDL, and high TG.

In 1 study, a total cholesterol
>200 mg/dL was also required

for the diagnosis of dyslipidemia.
In another study, being on a
cholesterol-lowering medication
also allowed patients to meet
criteria. A third study relied on
physician diagnosis of dyslipidemia
only. The sample sizes for 2 of these
studies were more than 10 000
participants. In general, the
prevalence of dyslipidemia
increased when comparing healthy
weight with overweight and
overweight with obesity. When
comparing healthy weight with
obesity, the prevalence (or odds
ratio) nearly doubled. Caution
should be used when interpreting
these results given the inconsistent
definition of dyslipidemia.

endocrinology
patients
management
program
patients
management
clinic +
management
clinic +

Population Info
Community

population-
based
population-
based

patients
Weight

Pediatric
Obesity clinic
Obesity clinic

patients
Pediatric weight
Community
School based
Weight

Weight

Definitions
S0 120%/95th

0B 95th,
S0 120%/95th
OW = 85th-97th
%ile, 0B >97th
OW = 85th—97th
%ile, 0B >97th
OW: 90th—99th,
0B: >98th
OW: 90th—99th,
0B: >99th

0B 95th,

Notes
differences
differences
by sex

P value includes HW: <90th,
by sex

P value includes HW: <90th,

P
NS
NS

<.05

477
826
945
458
16
014
<.001
<.001

<0.05

Class Il
4.14

4.20

Class Il
156
156

4.20
3.76
3.78
3.94
3.94

161.3
162.1
168
156

414
432
499
436
3.89
4.06
3.55
403
39

39

170.0

Healthy Overweight Class |
4.04
429

129.8

132.1
418
433
3.94
415
3.66
3.83

156.5
3.7
39

Glucose Metabolism

4.05
4.30
4.20

Hemoglobin Alc

Total

A total of 7 studies examined the
prevalence of abnormal hemoglobin
Alc (HbA1c),1326:28:3437:38.41

whereas 12 provided mean values
for HbA1c,6:1340.41,46,55,63,67,73,79,81,

Subgroup
4-10 y females
11-18 y males
11-18 y females

Females
Males

Females

mmol/L 4-10 y males

Males

Females
Females
Females

82 The participants in the 6 studies
reporting abnormal HbA1lc ranged
in age from 3 to 19 years, with

1 study only reporting the mean age
of 17 years (Table 10).2° This same
study also deviated from the
standard definitions of weight
classification and defined an
abnormal HBA1c level as greater
than 6.5%, whereas the other 5
studies ranged from greater than
5.6% to 6%. One study did not
report the sample size whereas
others ranged in size from 101 to
8579. The prevalence of abnormal
glucose in overall cohorts ranged
from 1% to 17%, with the latter
reported in a cohort of children 3 to

Units
mmol/L Males
mg/dL
mg/dL
mmol/L
mmol/L Males
mg/dL
mmol/L Males

120

N
452
284
1944
1027

847
1332
3978

8-17
6-16

—18
2-18

Ages (y)
5-17
5-19

12-13
Median 12

Country

France
Turkey
UK

Israel
Canada
Canada
Korea
Denmark

First Author
Botton

Serap

Craig

Avnieli Velfer
Hadjiyannakis
Higgins
Kloppenberg

Kim

HW, healthy weight; NR, not reported; NS, not significant; OB, obese; OW, overweight; PCOS, polycystic ovary syndrome; SO, severe obesity.

TABLE 8 Continued
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> 19 years of age. Using data from the
2 g §§ National Health and Nutrition
) 5] e 2 o & . :
o| € < £ £ £ ¢©E & Examination Survey (NHANES) 1999
E = S © © © 2 © = . P
< § - T £ £ £g E% to 2012, 1 study cited a statistically
= - oS @ . . .
= s = § § § E%z% significant difference between
2 %0 £ T ®F ¥ ¥+Fe .
HE £.8 ‘;f 2 é 2 é 2 é 23€ glucose levels among the overweight
o = o =
£ 2= 9 RSS2 and obese groups (class I, II, and/or
s 2 ETETETE ® 4
= SEZ WoWIWIWIZ S 111 obesity) 38
< s - D [} [ <) > .
1=} a = = = = = o
S| g Most studies of mean HbAlc values
= 18 . . i .
£ S8 by did not report significant differences
o o== . .
=|P=Z2 by weight, although none examined
| —xomx 4
o= . . .
) R differences by obesity severity
- (Table 11). The only study with a
" large sample size (n = 11 348)
D . . .
k] 2 included children with type
l 1 diabetes mellitus seen in an
w o endocrine clinic; there were no
e by £ £ £ = £ . .
v differences in mean HbAlc by
=~ 0 = o weight status.®? An additional study
w0 — (=} [d=3 w0 N~ —
s oo med showed statistically significant, but
=l — ao e o« very small, differences by weight
é L(ma % 8 = % rcg F\‘r Q Category'SS
N
@ | o~ N ~ n © o~ e G/
Fl SN Il Moo~ N S o o~ ucose
g re) o« =) NeRN 1) [ N —
° A total of 37 studies examined the
E" . . prevalence of abnormal
s I s s glucose,>68-1417-23.25,26.28-32,
5} o 4
= o — -
S 37-42,7177,78,8084-86 (b o1 39
o .
£ TonoS provided mean values for
© o~ o
g = & 8 . glucose.>68/10:13,1822,32,35,36,40,41,43,44,
= 46-49,52,54-56,58-62,65,66,68,70,71,73-75
— O\Q f
Sl = =) @ . .
el o g |3 Thirty-seven studies reported
g = prevalence of abnormal glucose
-~ - =) A _ - ‘5 across weight groups in cohorts
— . - c h=} © .
g gl s & A'g _2 2 E |% ranging from 3 to 19 years of age
2 o = o0 — — O — ‘B .
28| . 288 285 £8 g g |2 (Table 12). Twelve of these studies
£2(sS: k-] : s M 7] = © e . o . .
ST|z258 IA Z3 2 2 |g reported significant differences, with
- 528 V = 2 (= Lo .
P Eg = = §§ N B 9 of these studies including a
0 = = = =
- = s = < = = s healthy group comparator. Of those
™ 2 e L
2s . 8 = studies indicating significant
= < 2 < .
T 3% s 5 o differences, prevalence sharply
~ [ =
S o © - - 0~ |8 increased across increasing weight
| =| 3% 2 2 3 |2
© 2 3 = . . .
s - R B category, including a multifold
S| =|o @ I = higher prevalence in youth with
Sl S|l T 1 % T1 |8 i i
3| 8|2 & d d = 4B obesity versus those with healthy
= - 8 weight. Eight studies reported data
o > o0
o £ é S |5 from nationally representative
c 3| < << << < = W . . . .
s 3|38 s B 2] g 8 |E datasets, including in the United
5]
el . @ R States and Korea, with 5 of these
o =3 ) © < . . . .
a| £|2 s E 5 o E S studies reporting significant
“ 3lg & & % : = |2 diff i 1
Z| z|& g 2 S % |z ifferences in prevalence across
= I = = |2 weight categories.
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- » Prevalence of abnormal glucose in
‘o0 c
o 2 Sy 2 overall cohorts ranged from 0% to
“— N o~ . .
ElSE eg9s z Sep.2 26.1%, with the latter reported in a
o = c ®© > c © .
s|lis Eso® x&gege cohort of adolescents undergoing
8|85 28Ee3s 8,25¢ . 26 o s
S[YeoEe2288cE —30¥S bariatric surgery.“” This study also
S|BESTYYEE B5E5PY .
“IZER$EEER 2 SEEE reported the highest prevalence of
T o S © e I .
=8 & a =Zca abnormal glucose among the studies
reviewed, with 37.5% of adolescents
® with class III obesity indicated with
= S = .
S o T2 abnormal glucose. Seven studies
o L&
= »E, ; = reported prevalence separately by
@ oM biological sex, although there were
h no consistent differences, with
3 males having higher prevalence in
o
= 4 studies and females having higher
o - @ prevalence in 2 studies. Importantly,
a3 2 ) 88« . L .
v = = v o= studies varied in definition of
_ abnormal glucose, with 18 studies
P " o~ 2 using the threshold of =100 mg/dL,
sl 9 2 ~ B © . .
> 7 studies using the threshold of
_ =110 mg/dL, and 2 studies using
=) [oe}
g % o é 2. the threshold of =126 mg/dL.
kS = ©
— Thirty-nine studies reported mean
a1~ ™~ S Y P .
B|lwg w ~ . om glucose levels across weight groups
= . .
in cohorts ranging from 3 to
= - 20 years of age, with 12 studies
%’ 2 e o ® o detecting significant differences
S (Table 13). Eight of these studies
included a healthy weight
=
=| comparator, whereas 4
3| e © C .
T demonstrated significant differences
5| e - in glucose levels among the
2| = 2 overweight and obese (class I, II,
o~ and/or III obesity) groups.
= s . .
e = Significant differences in mean
£y lucose level ight
ER glucose level across weight groups
were observed in multiple age
o — . . .
SEls. = o £ 8% ranges, including studies that
E5(ww < B S consisted of both children and
ES|AA A A AV A
~lz= adolescents, as well as a study of
~ | a ’
I exclusively preschool-aged
= SE S P children. owever, none of the
= subgroups had a mean glucose value
— ~
; A R ~ @~ o~ above the standard threshold of
172]
E|l & 8 bbb =100 mg/dL (=5.5 mmol/L) to
o < = = . . .
5 s indicate elevated fasting glucose.
f > © £
o - @®©
2 E £% z Insulin
s| S|lzg 8 s 83§ |
D - . .
IS 2 A total of 14 studies examined the
£ 5 % 8 prevalence of abnormal insulin,®°1%
s g 2 ] z i £ g 19,22-24,26,28,34,39,41,42,84 (1 o0 39
+= > > =
E 5| E2 & Z £E&8T s provided mean values for
Sl ® = = % © © X A _
= ol R S = s 22 - insulin,68:222432,35,36,40-44,46,
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47,49,52,54,55,58-62,65,66,70,71,73,75,84,87,88
=] & < + c 9.
o g 3 2 N g222 22 258 Table 14 indicates that 8 of
= = = c o © o © o = = . . .
= §2 & &= £+.8E3Z €3 ESTS 12 studies observed significant
s Sws £ TF %5888 $$8 SEsz . ,
S g8 E ¢gE Ssg2ee o TE= differences in prevalence of
% S2EE 5.5 § 2 = k2 g c + o + s 8 LA b 1i li ioht
3 55588258 Be¥EELCRELgELSE abnormal insulin across weig
€ sEsgs5858 SEcscEE85S58558% categories, with a range of 0% in a
SEBEw2 w T DS E QPSS o0NG o0Pe T a )
o o < < T 9 () =) > 2
2 £ 5 & £& = = = & sample of 3- to 18-year-old
g = < participants who were overweight
= 2] D . - 34
= 3 3 in the United States®™ to 80% among
= [ Is TS
5| 8 £5 g s g 8 9- to 16-year-old participants with
[<b} . .
£ £ VeV obesity in Canada.'® Prevalence
o0 3 . Do .. 5o .
2 2 = = estimates were reported from
- _ samples enrolled in the United
w 172] . . 0
g ; g ; States (8 studies), 2 studies each in
8 2 g2¢ Australia and Canada, and 1 study
o = = 3
= g3 < 3 & % each in Italy and Japan; however,
E ° @ E =@ none of the studies were indicated
- - _ _ as nationally representative.
&g \g/ 2 2 &€ 28 Sz \8/ \8/ s = Eight studies had less than
_ 500 participants, but the sample
P < ® sizes ranged from 62 to 6358. Three
© w e} e} . P
> studies enrolled participants from
= - clinic-based settings, including a
[72]
g b5 R pediatric gastroenterology clinic,
_ a pediatric weight management
» E o < ?2 < . .
2523 €@ o e M $ o NN program, and a bariatric surgery
° program. Several definitions of
% - - - o abnormal insulin were used, making
5} — — . e
(3383 53 F % &8 8 3 < Ve it difficult to compare actual
L . .
3 prevalence estimates across studies.
Zlwo - o - In several studies, youth with
S|<<w B < o oo 6 3 % obesity had a four- to fivefold higher
- . .
B prevalence of abnormal insulin
© . .
3 DERE compared with youth with healthy
a = weight. There were also differences
R @ % ca1s .
£= - 2 < 2 z §° observed within obesity
R P T s g ] classification: for example, youth
(2 o~ © — = w 3
- = = with class II or higher obesity had a
©
%] = e s :
2] e w e g < = < < |8 threefold f.ughe_r prevalenc_e of
= - S S abnormal insulin than their peers
S £
° S with class I obesity.”* One study
x - . . Cr
2|l w08 o o = o~ 2 - o~ 5 that did not observe significant
K= & &2 = e 3 ? R € diff in ab 1 insuli
E ifferences in abnormal insulin
‘o0
— o o @ . .
Blowe « = ~ e - = 2|8 prevalence across weight categories
| glsdd & L4 NN g + g |2 comprised patients who were all
a S ) N
- = = g enrolled in a bariatric surgery
I £ .
< - 3 . qg program, so patients had
~ © © © > o . Jrae .
© 5% g =8 s g = comorbidities at the time of entry.?®
= s = S8 S £ .
=] Sleaes s £ = 582 < S t = |= The 1 study that examined
< < > > > =Z= IO (= &} > = X )
S = abnormal insulin prevalence by age
5] L2 00
= < = 00 x . .
= 5 . _ s 5 g did not observe differences between
- s & s 3 _ s = N £ 6- to 11-year-old versus 12- to 19-
L n < © S o= Q @ ‘© .
a Bl=EE T v 3 sS85 5 s £ |2 year-old youth.>* Three studies
= = © 5} 3 -
< Z| o=+~ a = o o > T >3 = ) = .
- z reported prevalence stratified by
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biological sex; in 2 of the studies,
females had higher prevalence of
abnormal insulin compared with
males.

Population Info

Thirty of the 32 studies (Table 15)
reporting mean values of insulin
observed significant differences
across weight categories; the other 2
studies did not statistically test for
differences among weight categories.
Although most (22 of 32) studies
examined differences between 2
weight categories (healthy versus
combined overweight and obese), 10
of the 32 studies reported mean
insulin values for at least 3 weight
categories; in every case, there was
a noticeable dose-gradient
relationship of insulin across the
multiple weight categories and the P
value was significant. These
differences were noted among
healthy versus overweight versus
obesity groups as well as a study of
adolescents that observed
differences among healthy,
overweight, obesity class I, and
obesity class 11+.>* Most of the
cohorts spanned the age range from
childhood to adolescence, although 1
study observed significant
differences in insulin values among
3- to 5-year-old children who were
overweight versus those who had
obesity,*® and a second study also
observed significant differences
among 6- to 8-year-old children
with healthy weight versus those
with obesity.>® Two studies reported
mean values by age?*”?; in both
cases, the insulin levels were higher
in adolescents versus children, and
the insulin values were noticeably
higher among the youth with higher
weight status.

management program
patients

Weight management clinic
patients + some

community
Community recruitment

Adolescent clinic patients

Adolescent clinic patients
Pediatric weight

Obesity clinic patients
Obesity clinic patients

Clinic patients

Weight

Definitions
S0 120%/95th

0B 95th,
S0 120%/95th

Notes
0B 95th,

P
NR
NR
867

493
NR
005
NR

Class Il Class Il
3
2 4
19 20

Class |
145
139

4

9

0

11.2

Healthy Overweight

Total
3
3

Subgroup
(eg, M/F)

Males
Females
Males
Females

Definition of
Abnormal
300 >100 mg/dL
363 >100 mg/dL
>110 mg/dL

847 >6.1 mmol/L
62 >100 mg/dL

431

N
1027 >100 mg/dL

Ages (y)
2-18
817
11-18

5—17
14-24
12-17

HOMA-IR

Country
Israel
USA
Canada
Germany
USA

A total of 10 studies examined the
prevalence of abnormal homeostatic
model assessment for insulin
resistance (HOMA-IR),”*1226:3235
40.71,8889 ywhereas 25 provided mean
values for HOMA-IR.73%:3536.40,4143,

USA

First Author
Avnieli Velfer
Fyfe-dohnson
Gunes
Hadjiyannakis

Lennerz
Stolzman
KNHANES, Korean National Health and Nutrition Examination Survey; NR, not reported; NS, not significant ; 0B, obese; SO, severe obesity.

TABLE 12 Continued
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45,46,49,52,54,58,59,61-63,65,66,70,71,73,75,

8190 prevalence of abnormal HOMA-
IR ranged from 0% in healthy
adolescents’! to 70.8% in
adolescents with class III obesity
who were enrolled in a bariatric
surgery program?® (Table 16).
However, definitions of abnormal
HOMA-IR differed in every study, so
it is difficult to compare prevalence
estimates. Prevalence was reported
for cohorts from the United States
(5 studies) and Europe (5 studies);
however, none were indicated as
nationally representative cohorts.
Prevalence of abnormal HOMA-IR
was significantly different across
weight categories in 7 of the

9 studies; 1 study did not
statistically examine differences
across weight categories and
another study did not observe
differences, but the sample only
consisted of adolescents with
obesity who were undergoing
bariatric surgery (with no
differences among class I, class II, or
class III obesity; Michalsky/US).%¢
One study reported prevalence by
age group with a stark difference in
abnormal HOMA-IR in both children
and adolescents with obesity
(approximately 41%) versus
participants with healthy weight
(0% to 3%) (Valerio/Italy).”* Two
studies reported prevalence
stratified by biological sex; in both
cases, prevalence of abnormal
HOMA-IR was higher among females
compared with males (Caserta/Italy;
Serap/Turkey).”?°

Population Info
endocrinology
patients
management
program patients
School based
clinic patients +
population-based

patients
Weight management

Pediatric
Indigenous youth
Obesity clinic
Pediatric weight
Schools

Weight
Definitions
0B 95th, SO 120%/
OW: 90th—99th,
0B: >99th

95th
HW: <90th,

Notes

differences
by sex

P
NS
NS
NS
NS

<.05

<.05
318
93

04

707
<.005 P value includes
0.005

014

215

NR

4.90

4.90

90
91

4.80
52

924
92.2
83.0
79.8
90
84
5.1

482
4.80
82.1
78.7
4.89
90.0
5.1
5.0
90.7
88.8

475
463
4.66
90.0
5.0
5.0
89.0
87.9

Healthy Overweight Class | Class Il Class llI
92.1
92.6
79.5
77.2

Total
476
4
490
89.3
88.0
HW, healthy weight; NR, not reported; NS, not significant; OB, obese; OW, overweight; PCOS, polycystic ovary syndrome; SO, severe obesity.

Subgroup
(eg, M/F)

Females
Males
Females
Males
Females
Males
Females
Females
Males
Females

Units

120 mg/dL
3978 mmol/L Males

N

452 mmol/L Males
284 mg/dL

1819 mg/dL

158 mmol/L

1027 mg/dL

847 mmol/L

1679 mg/dL

8-17
6-16
6-13
5-17
5-17
12-13

Median 12
12-18

2-18

Studies reporting mean HOMA-IR
across weight categories (Table 17)
corroborated the findings of the
prevalence of abnormal HOMA-IR.
Twenty-three of the 25 studies
reported significant differences in
HOMA-IR value across weight
categories. Most of these studies
examined differences between
healthy weight versus overweight
and obesity combined. However,
6 studies examined differences

Ages (y)

Country

France
Turkey
Mexico
Australia
Israel
Canada
Korea
Denmark
Japan

First Author
Botton

Serap

Del- Rio-Navarro
Valery

Avnieli Velfer
Hadjiyannakis
Kloppenberg
Sougawa

Kim

TABLE 13 Continued
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- £ 2a across 3 weight categories, showing
5 c c + X
o ¥ 5% 22 aECa a gradient of HOMA-IR values
L > z 9 © © £ i )
£ ¥ o8 = coo > among healthy weight, overweight,
[ [<} = B = = .
= % 5 é §_j’o 2= 8 and obesity. One study reported
g o 8 é S % g 2 g SEE Z mean values separately by age
Z s 2 2L = 2L o O . R
& 5 - é s 5% &332 é group, with adolescents having
[ = O O .
3 p 3 ERRR higher HOMA-IR values than
= children in both the healthy weight
" °\'; and obesity categories.”* Four
£ é o3 studies reported mean HOMA-IR
2 £ “\r’/ a % values stratified by sex; there was
= o= . in differi
QL@ not a consistent pattern in differing
- values between females and males.
[72]
j&3
2 Most cohorts included both children
= = = _ . and adolescents or only adolescents;
2|88 2 ISy 888 888 8&Z%88 however, the 1 cohort that did
v VoA Y V. VVV Vv Y, . .
include young children (ages 3-5
- ~ o o years) did not observe a significant
%] N ~ 'e) o . .
= ~ © ~ ~ differences in HOMA-IR across
_ weight categories.*® A cohort of
2 § 2 % g children ages 6 to 8 years did
© observe significantly higher
ol o < - o o - me wmw— = wam HOMA-IR values among children
@ : >
EARE b 2R 3 N8 82k 8 S’ with obesity versus children with
- healthy weight.>?
=
00
| N M N © N o L) © ~ .
Zl2° & 2TBTER VTE g8°T Other Glucose Metabolism
>
< Additional studies reported the
£l o ~ owaow ~®oMm o prevalence of prediabetes
g| ¥ o2-ed oo B3 " (n = 3),"*%>°! diabetes mellitus
I )
(n = 8),13:26337L838587.92 5 g
‘© — [aN] ’
2 g NS & 8 metabolic syndrome (n = 16).11%1*
17,20,29-32,35,42,49,93-96 T ree studies
Q o~
S %] %] 1] 0 .
e = pnS>s o, 2, £ & reported prevalence of prediabetes
2% ce-p 2 E £ 2 £E
- 2 8= @ @ @ .
R Sl & s 2 5 Zs (Table 18). The population-based
" study in Mexico defined prediabetes
5]
5 _ » é - as 2-hour glucose tolerance test
c 8 ] € BT 7 = o
S g = £ S EEE E 4 E g E result of 140 to 200 mg/dL.
= = = = . S = = = . . . .
=| £ 5| E € 3 e ¢ 3E® 358 oS3 3 Prediabetes was higher in children
T8 T ee N 2= g & 2=/ 88M eg e with overweight or obesity versus
I A A A RN AARA R R VR A il hgh T yh85
s children with healthy weight.™ A
E L2 S 2 S 8 23 2o = second population-based Canadian
= « . - study showed greater risk of
g Slw o o o o = P T ~e o~ prediabetes for children with obesity
< 3 T | =] | | =] =] R ] . .
e S| © > S © © 8- S o R versus children with healthy
o = = = o . 91
= = weight.
— =
=} | © © 00
@ [ = © © = @
3 4+ @© [t e} = o B . 0
S 5| % < < < < T 2 <= < & 2= 2 The 8 studies reporting the
© S| 235 ES £Z s 8 ZE £S8 =% 38lg :
z = = prevalence of diabetes (Table 19)
~ B . . gy .
o 5 = 2 used varying definitions of diabetes,
< = e 2 & S g _,_, = =3
. 2 = o e s g &g 25 -2 % ° based on fasting plasma glucose,
0 < = = © O Nl=
a2 21352 £ 5 S 2 &8 52 5 E s gl2 glucose tolerance tests, HbAlc,
= [y =2 ) o == >= = 2] = o > & D | . . . .
= = diagnosis, or use of medications.
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= Most studies showed significantly
° g = higher prevalence of diabetes among
« > = . . .
= _ o z s e g children with obesity or severe
o = =
2 2% Z 2 S © obesity, although overall prevalence
3 5% > 2 ° 2 E2ER
§ s 5 25 25 s 5S35 was low. Prevalence of diabetes
c 55 s 5 [ = 1 . . .
= £ E 28 £ 8 8Ly >3% was seen only in a pediatric
© . ]
= @ € 2 = endocrinology clinic*® and among
= bariatric surgery candidates.?®
£ @3
E s 2V . .
2= 'f/ S % Of the 16 studies assessing the
=< .
3 S & prevalence of metabolic syndrome
- (Table 20), the largest sample
8 size was 4450 and the smallest
2 sample was 101. Seven studies
s 95 = - o wS 5SS 3 reported the prevalence of
al|l oo S S S <) S SIS} S S < S .
VV VV V A V. VV VYV v metabolic syndrome as the presence
= of 3 or more components of
3 E metabolic syndrome in cohorts
= ranging from 6 to 24 years of age,
= - with 3 of the studies conducted in
§ ~ the United States. The remainder of
_ the studies (8) reported the presence
gls3 22 S = I 382 82 o 3 of metabolic syndrome using the
< following criteria: Adult Treatment
£ Panel (ATP) III (2 studies), NCEP ATP
2 5 2 2 5 = 2 5 09 Il (2 studies), 3 components plus
[ — =] N N el — w < . i
g risks (2 studies), 3 components plus
- abnormalities (1 study), and
% S, o2 2 o2 522 g2 International Diabetes Foundation
o~ N — — —
= (IDF) (1 study). Of the 16 studies,
I o - o 14 included a healthy weight
= -~ comparison, and 11 of the studies
o 2 reported a significant association
g s g 3 8 8 8 between the prevalence of metabolic
- @ ! o B © 3 © .
ER o é = § E § e § g syndrome and overweight. Of the
studies that defined the presence of
€ " metabolic syndrome as having 3 or
s g - 3 . § cs more components and compared
= 5 S5 ] = . .
s E 53 S 2 ; prevalence across children with
= = N~ (2]
|82 S22 4 o = Es g™ normal weight, overweight, and
n B NS RAR- SN d S ¥ e obesity, the prevalence of metabolic
- A A AN AN A A AN B ’
= syndrome ranged from 0% to 4.7%
= 53 8 = 2¥¢ 2 3 N ; ; ;
< = 2R 2 =2 s 3 & PR among children with healthy weight
o i 0, 0,
2 .. . . 2. . . . and 1ncreellsed to 14.5% to 35% .
g ST T T T - T T - among children and adolescents with
5 2| =" = s ome - © = = class I obesity. Of the 2 studies that
=2 ° defined metabolic syndrome as ATP
5 > £
s £ Ssg - 2 III and compared prevalence across
S 3l==> <« & 2« > < S <« children with healthy weight,
© gL E L g =28 =2 = 5 3 : .
z = = = overweight, and obesity, the
s A= .
& s o - 2 prevalence of metabolic syndrome
= X — .
" % 5 § . 2 é’ % o R g ranged from 0.3% to 1.6%, which
2 2| E2 e £ g8 2 S 5 S E increased to 39% for children with
= | > = = a a = &} %) = (&} = . )
= = class I obesity in 1 study. One of
30 SKINNER et al
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TABLE 18 Prevalence of Prediabetes (n

52

Weight
Definitions

Definition
of Abnormal

Subgroup

Population Info

Notes

Class I P

Class Il

Healthy Overweight Class |

Total

(eg, M/F)

N

Country Ages (y)

First Author

5.7
a0R = 1.53

3.5

14
Ref

140-200 2-h glucose

1534
3449

6-18

Mexico

Guerrero-Romero

Rodd

Population based
Pediatric weight

WHO

<.05

Canadian Diabetes Association
>6.1 FPG or >7.8 0GTT

6-19

Canada

NR

847

5-17

Canada

Hadjiyannakis

management

program patients

a0R, adjusted odds ratio; FPG, fasting plasma glucose; 0GTT, oral glucose tolerance test.

the 2 studies did not report
prevalence for class I obesity. Of
the 2 studies that defined metabolic
syndrome as NCEP ATP III and
compared prevalence across
children with healthy weight,
overweight, and obesity, the
prevalence of metabolic syndrome
ranged from ranged from 1% to
1.5%, which increased to 28.6% to
41% for children with class 1 obesity.
Of the 2 studies that defined
metabolic syndrome using

3 components plus risk and
compared prevalence across children
with healthy weight, overweight, and
obesity, the reported prevalence of
metabolic syndrome ranged from 0%
to 0.8% for females and 1.7% for
males, which increased to 1.6% to
24.6% for female children and 35%
for male children with class 1 obesity.
One study defined metabolic
syndrome as 3 components plus
abnormalities and the reported
prevalence across children with
healthy weight, overweight, and
obesity was 0.2% among children
with healthy weight and 25.6%
among children and adolescents
with class 1 obesity. When using

the IDF definition of metabolic
syndrome, the reported prevalence
was 1.6% among children with
healthy weight and 28% among
children and adolescents with class 1
obesity. In addition, 3 studies
reported statistical comparisons by
biological sex. However, only 1
supported a significant relationship
between metabolic syndrome and
unhealthy weight status for both
males and females. Prevalence
comparisons were not available
within studies for different age
subgroups.

Blood Pressure

Systolic Blood Pressure

A total of 21 studies examined the

prevalence of abnormal systolic

blood pressure (SBP),5‘7'8'10’13'15‘18‘
19,24,35-39,63,97-101 1 oo

52 provided mean values for

Downloaded from http://publications.aap.org/pediatrics/article-pdf/151/2/e2022060643/1440848/peds_2022060643.pdf

SBP 5,7,8,10,13,18,22,24,32,33,35,36,39,40,
42-46,48-50,54-56,59-66,68,71-75,77,79,83,

90,97,99,102-108 Twenty-one studies,
including children ages 3 to

19 years, examined the prevalence
of elevated SBP in relation to excess
weight (Table 21). Within the

17 studies formally testing such an
association, 14 included a healthy
weight comparison group, and all
but 1 of these reported a significant
association between the prevalence
of elevated SBP and overweight or
obesity.

Reported frequencies further
suggest a progressive increase in the
prevalence of high SBP with
increasing adiposity, although
limited information is available
regarding differences across classes
of obesity, because only 1 study
specifically focused on such
categories. Studies supporting an
association between elevated SBP
and unhealthy weight status
included samples based within

the United States (n = 7) and
other countries (n = 10) as well

as population-based and more
targeted samples. Five studies
reported statistical comparisons by
biological sex, all of which supported
a significant relationship between
elevated SBP and unhealthy weight
status for both males and females.
Five studies based on samples
within a preteen or young-teenage
range (eg, 9-13 years) supported
an association between higher SBP
and unhealthy weight. Prevalence
comparisons were not available
within studies for different age
subgroups, and no studies focused
specifically on young children

(eg, =8 years).

Fifty-two studies including children
ages 2 to 19 years provided mean
values for SBP across different
weight groups, including 21 studies
from the United States (with 2 from
Puerto Rico) and studies from

15 other countries, spanning

4 continents (Table 22). Within the

SKINNER et al



- 46 studies formally testing
- if ae = = differences across means,
= = . .
£ £ = - e LEE2EnEg 37 included a healthy weight
S S & 5 S5 85595 9s . .
£ 2,5, g SE g§§ SEEE comparison group, 32 of which
2 2525 S ePfEcEcES reported significant increases in
o == S S8 oELEELSES . .
sE8eg £ SESRTDS WS mean SBP with excess weight.
5] © = <
= = = = = = = Among studies with a healthy
w” = weight comparator, 8 specifically
+— S .
%2 8BVg compared the healthy weight and
o £ VB A ;
=3 ol overweight group or tested a trend,
[= m A
= with 6 supporting significant
8 increases in SBP with unhealthy
o . .
= weight. Seven other studies
a S 3 882 = = = = compared only groups with
Vv vV overweight and obesity or different
= s 2 e« 2 o classes of obesity, with 6 reporting
w
s ° 58 significant increases in SBP with
s increasing adiposity. These findings
- ['el
% o and reported means add support to
& N . .
s © S o < observed differences in prevalence
> > < — . .
2 ° ~ T by weight status group—that is, that
S SBP increases progressively with the
- o
2 8 degree of overweight or obesity.
= NN : ;
o 3 2 SIS s 2 2 Studies reporting mean SBP also add
- to previous insights by providing
= e . . .
o S additional comparisons within sex
=
5 o338 and age subgroups. Of the
° . 18 studies including formal
= S 8 .
= Rz ® subgroup comparisons,
3 eSS 2 .
T|eo osso g 16 compared weight status
= S g categories within both males and
b= B8NS . el
°lo " S22« g females. Most reported significant
— = . . :
a o differences across weight groups in
S @ g . .
£ 2= E the expected direction for both
O od < £ .
3% g3 g males and females. Only 3 studies
= = g reported comparisons for subgroups
- S = g — S
s g 5 2 35 g by age, and 2 of these only
sElz% g 28 = B compared younger and older
“— 3 w ~— - .
ce 2E gx¥gMs IR x < children and adolescents, although
=0 Lo — = RS > . |
S RSN gANS e 2g K % 2 studies also compared means by
NGS< &§Z25°9% So 2 E age for both males and females.
TS © = o A < ‘(‘:
= A B == NA = £ Also, 1 study compared means for
sl =8 = g § % %g 3 8 ‘g’ é 4 age subgroups, ranging from 2to
Il ~ = 5 years to 16 to 19 years.'°? In
< ~ < ayr .
Tl e @ & ~ o I addition to the general observation
<51 — T T~ — - T . .
g &[4 § S A N of increased SBP with age,
< S . e . .
= = 2 significant differences in SBP were
> S .
5| £ s 8% S reported by weight status for all
8l 2|8 3 3L 35 & < ; dl f
sl S|E 3 La =8 4 2 comparisons, regardless of age or
T ° 2 sex. Although few studies addressed
<5} ) =
o é g 2 changes in SBP for very young
= N . .
2 =] = g 2 § E § children, it should also be noted that
w Z|o = =2 (SR = . i
2| z|s & £ 27 55 3 £ 2 other studies reported similar
= © fad = © S @© 5 < . .
= =7 = = e e = 3 findings for cohorts 6 years or
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younger.*®1%> Combined prevalence
and mean tables for SBP support
progressive increases in SBP and the
prevalence of elevated SBP with
increasing adiposity. The available
studies further suggest that this
finding holds in males and females
and is likely generalizable across
age, although limited evidence is
still available relevant to younger
subgroups.

Population Info
endocrinology

patients
NHANES 1999-2002

Georgia
2007—2008 KNHANES
School

Patients in rural
NHANES
Pediatric

NHANES

Weight

Definitions
thresholds

10TF

Notes

Diastolic Blood Pressure

A total of 19 studies examined the

prevalence of abnormal diastolic

blood pressure (DBP),5'7'8'10’13'15‘1B’
24,25,35-39,63,97,98,100,101 p oo £ q

provided mean values for
DRBP.57/810,13,18,22,24,32,33,35,36,39,40,

P
<.0001
<.000
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.05

NR

NR

NR
<.0001 0B

Class Il

42-46,48-50,54-56,59-66,68,71-75,77,79,83,

90,97,99,102,103,105-108 gjvtoon studies
reported on the prevalence of
abnormal DBP across weight groups
in cohorts ranging from 3 to

19 years of age, with 7 of the
studies conducted in the United
States (Table 23). The majority of
the studies (13 of 19) defined
abnormal DBP as a DBP >95th
percentile for age, height, and
biological sex. Five studies defined
abnormal DBP as DBP >90th
percentile, and 1 study from Canada
defined abnormal DBP as DBP
>75th percentile. Of the studies that
defined abnormal DBP as >95th
percentile and compared prevalence
across children with healthy weight,
overweight, and obesity, the
prevalence of abnormal DBP ranged
from 0% to 9.4% among children
with healthy weight and increased
to 4% to 20% among children and
adolescents with class 1 obesity. Of
the studies that defined abnormal
DBP as >90th percentile, prevalence
of abnormal DBP for children with
normal weight ranged from 4% to
9.7%, which increased to 9% to
29.4% (among males) for children
with class 1 obesity. Across all
studies, age ranged from 3 to 19
years, with only 2 studies examining
abnormal DBP by age group.?*%®

Class Il

28.6%
32.1
1.6

41
39.1%

Class |
35.0
16.2
206
237
35.4
246
28.1
256
14.5
316

9.4
52.8
12.0%

2.8%

7.1
15
21.3
22.3
35.4

8.9

8.3

2.8

6.8

9.2

5.5

5.8

2.1

29

17
47
1.5%
0.3%
1.6
16

0.0
0.8
17

Healthy Overweight
0.2

5.7%

6.4
41%

Total
6.4
6.1
5.0
79
6.7
16
26

Subgroup
(eg, M/F)
Males
Females
Males
Females
Males
Females

Definition
of abnormal
3+ components
3+ components
NCEP ATP Il
3+ components
3+ components

NCEP ATP Il
IDF criteria

IDF

16)

01

1366 3+ components
1554 3+ components
664 3+ abnormalities
284 3+ risks

3385 3+ risks
4450 3+ components

506 ATP Il
1578

1393 ATP I

N
931
379
991
21
471
310

1

10-19
7-24
12-16.9
12-19
7-18
16-19
12-13
12-18
6-12
10-19
12-18.9
10-19
12-19
6-16
12-19
12-17

Ages (y)

Country
US (Puerto Rico)

Korea
Mexico
Spain
USA
USA
Belgium
Korea
Japan
Korea
USA
Turkey
Korea
Turkey
USA
Greece

Galera-Martinez

Duncan

Halley Castillo
Davis

First Author
Kim
Vissers

Ryu

Perez
Yoshinaga
Park
Laurson
Cizmecioglu
Park

Serap

Pan
Bacopoulou

|0TF, International Obesity Task Force; KNHANES, Korean National Health and Nutrition Examination Survey; NR, not reported; 0B, obese.

TABLE 20 Prevalence of Metabolic Syndrome (n

54 SKINNER et al
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‘ ) = Two studies reported data from
on [Z] < c i
-|E £ a =2 =32 Ee = = NHANES, the larger study of which
b= g g S o ®© o © ‘%’ 5] 5] 5] . .
—_ o o o0 =
|8 8 225 5§22 §3 ZEBERER (n = 8579) showed a significant
s| o o Wg 85w o0 9 D O S W D W D . .
2lg ¢ cE-B¢ ° o + SeE 28 S5 increase in prevalence of abnormal
o | £ = 5 < © 2 © © © . . . .
2% % e¥f8E.38E08,.5¢E SESEg DBP among children with increasing
= = = oS B c vt c w5 o 2 c 2 c v c . .
S 2 7 = g ag o5 2ws 8 é ng § PESWS WS weight status (overweight and class
feb] . .
S © o P = = hHSE F = 111 obesity).?”-*8 For studies that
c < < < examined significant differences in
2 % 5 %‘ < 8? < abnormal DBP across weight
£ 9 X N S &H o5 H .
el 8 _§ EE%288<2 categories (13 of 19), 8 showed a
=% Bs8g VEdVEdg significantly higher prevalence of
s 38 = z abnormal DBP among children in a
2 2 higher weight category compared
358 3¢ with children in a lower weight
o0 o o o c
§ =8 3 =8 3 category. Among the largest study
§ £ g% £z (n = 29 286), prevalence increased
a Q from 9.4% in children with healthy
= Sz s =5 w weight to 20.1% in children with
a | o S = SIS} S SRS = = .15
v Y v VoV oV class I obesity.
P S 3 T 3 A total of 51 studies examined
© —
S mean DBP (Table 24); 28 of them
= e e reported significant differences in
A 5 .
g|lg = = 8 3 3 mean DBP by weight status.
o .
Notably, of the population-based
P 2 g —oe o % studies, none reported consistently
sl 2 R - - T8 B & . .
S|l- - - - higher DBP among those with
= obesity. One reported higher DBP
00 [Te} <
2 o 2 R 2” among females® and another only
S = == in 11- to 18-year-old males.”®
o
Studies showing a significant
>
= ° § & Q%2R difference in DBP by weight
£ = -eR status indicated a stepwise
= M increase in DBP as weight
- w© <t w0 . .
2 = e increased from healthy weight
2o 2 to obesity. Only 1 school-based
= 72} @D oD 5] . .
£33 g = 2 = 2 s S study included severe obesity,
2 %13 = IS = 1S = £ o . . ifi v hish
z2elg o g 3 23 g reporting significantly higher
o o o ; DBP in children with class II
2| 0 ®e LTI -1 g *é *§ £ obesity compared wzlgh those
= S| e £ £ 3 E E& £ £ |% i i i
S £ £ £z E Es s g5 |t with cl.ass Ifobe51ty.l. Wlth th;}
g X ion me clinic sam
l - - o e o azx = = |5 exception of some clinic samples,
s =8 3 =3 S 2 & 8 |z the mean reported DPB was
& & ;
5 H <70 mm Hg, even among children
2 = & 3 . .
2 3w ~ - © ~o oo E with obesity.
1%
= gl & b &g S - T
<€ — — A — .
3 = g Hypertension
[aa] o
x< 53 - . .
2 z © S 2 An additional 61 studies examined
=} he] © c =
2 Sl £ g )
2| 2|8 = = S 53 < the prevalence of hypertension
@ cl e S gg S g% E2 ( bl 5)67911 14,16,17,20-23,26
= = Ta e 2 R - g )y » - » )y
3 c 2 . ) 29-33,37,40,42,77,78,80-83,92,102,108-137 5]
= S| & E S e
e .
& S| 2 § < g & 2 studies reported on the prevalence
wl Z|s = g s EZ g ioh ith th
= 7| € 3 g2 g 53 3 across weight groups, with the
= = = il @ e z majority of studies comparing
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hypertension prevalence between
children of healthy weight and those
with obesity. Fifteen studies
reported on prevalence of
hypertension among children and
teenagers with increasing obesity
severity (class I to class III),
whereas 4 studies examined
prevalence of hypertension among
children with healthy weight and
overweight. All studies except 1°?
that examined the association
between hypertension and weight
group showed significant differences
in the prevalence of hypertension
between weight categories, with
increasing prevalence of
hypertension with increasing weight
category. The studies were
conducted in various countries;

34 reported US data. The majority of
the studies (n = 37) defined
hypertension as SBP or DBP >95th
percentile for age, biological sex,
and height. Of these studies,
hypertension prevalence for
children of healthy weight across
age groups ranged from 1% to 14%
compared with 4% to 30% for
children with obesity. As expected,
prevalence was lowest in early
childhood (4% to 6% for children
with healthy weight and 8% for
children with obesity) and highest
among teenagers (2% to 10% for
teenagers with healthy weight and
3% to 39% among teenagers with
obesity). Studies that defined
hypertension as SBP or DBP >90th
percentile for age, sex, and height
(n = 13) showed similar prevalence
both for children with healthy
weight (5% to 12%) and those with
obesity (18% to 24%) across all age
groups. For studies (n = 2) with the
large population samples

(n > 20 000) of children ages 6 to
19 years and the most rigorous
definition of hypertension (SBP or
DBP >95th percentile on 3 repeated
measures), hypertension prevalence
was ~1% for children with healthy
weight and ~5% for children with

clinic + population-

based

Population Info
Schools

clinic patients
Weight management
clinic patients

Weight management
clinic patients

clinic + population-
based
Weight management

program patients

management
School based
Community recruitment

Obesity clinic patients
Obesity clinic patients
Pediatric weight
Weight management
Weight management

Schools

Weight Definitions
0B 95th,
S0 120%/95th
0B 95th,
S0 120%/95th
HW: <90th,
OW: 90th—99th,
0B: >99th
HW: <90th,
OW: 90th—99th,
0B: >99th

Notes
differences
differences
by sex

by sex
P value includes

P value includes

P
.003
31
NR
039
<.001
<.001
<.001
<.001
NS
NR
NR
NR

Class Il
72
711
60.9
629

Class Il
70
67.5
70
70.1
56.1
56.8

0.54
0.78

Class |
66.5
67.5
69
741
69.5
51.3
55.6

Overweight
60
0.21
0.5
64.3
65.4

Healthy
60
0.09
0.40
59.7
60.3
719

Total
0
60.5
60.8

Subgroup
(eg, M/F)
Females
Males
Females
Females

Units
mm Hg Males
mm Hg
mm Hg
z-score
mm Hg Males
mm Hg

51)

N
1027
847
120
1679

6
154
880
1004

3978

2-18
5-17

Ages (y)
12-13
Median 12
12-18
12-17
2-5
6-11
12-17

Country
Israel
Canada
Korea
Denmark
Japan

USA
USA

HW, healthy weight; NR, not reported NS, not significant; 0B, obese; SO, severe obesity.

TABLE 24 Mean Diastolic Blood Pressure (n

First Author
Avnieli Velfer
Hadjiyannakis
Kloppenberg
Sougawa
Stolzman
Tsao-Wu

Kim
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obesity, increasing to 9% for
o o o o
£ E £ E children with class II obesity.
o o o (&} o o
= tEe £ E € E . .
- cE £ g g ¢ Liver Function
= Sr -2 & & 9 _ _
kS st £ = © g Alanine Aminotransferase
2 g 2 S8 sgsgs
o o o o o . .
= =2 E£2 22222 A total of 8 studies examined the
T S & © © © © .
FgecgegyaPgayPe prevalence of abnormal alanine
= 5 = = = .
aminotransferase (ALT),%3%67-81.83.
= E 104138139 and 8 provided mean
g = values for ALT.6:13535466,67,70,74
a Three additional studies examined the
2 prevalence of nonalcoholic fatty liver
kS disease (NAFLD).>¢”7° The 8 studies
o e — - N examining the prevalence of
a8 \8/ = \8/ S S z =z < abnormal ALT (Table 26) used a
range of definitions from >20 U/L to
> o~ <~ 1 o >40 U/L and each of the 5 studies
» =) o © © o (<2 . )
S > " " - used a different cut point. Four
_ studies found significant differences
2 :_: 2 = > 2 = in prevalence of abnormal ALT
S between children with healthy weight
d hld . h b . 6,67,104,139
| 5o~~——o o © - and children with obesity.
3 T R I & @ © ° Two studies included only children
Sl with obesity; 1 found no significant
- difference between class I, I, or III
f_f o o< obesity in prevalence of abnormal
; s g o] ALT,?* whereas another did.8! Two
S additional studies did not provide
|ex oao statistical analysis of prevalence 8**38
o —w Mo M
g
T|g Four studies provided mean values
B - - for ALT (Table 27). Three studies
© g
kg I @ e compared mean ALT between
" children with healthy weight and
_® R = children with overweight and
£ . A
2 = § = obesity and found a significant
= o oo o o> : :
52[.S SSSS S Sag difference in mean ALT between
a. | = .
sl2e8eas8 8 8V groups.®>>>* A study of children
AANANANA AA .
with Down syndrome found no
g 2 difference between mean ALT in
= 2 . . .
@ - 12 g children with healthy weight and
~| 53 0| 229 . )
°H° a=lz22=22=228 children who were overweight.”®
= =|§8388 & 5 3 g 3 Four studies compared mean
5 - - ALT in children with overweight
= =| <@ 2 and class [, 11, Il obesity, and 3
IS | P w0 oo~ < ™ — ~ K . i K
= glsTt111 O s 4 10T found significant differences in
gl 2|8erez = < © o . .
2 <= = S mean ALT between children with
s = = & =z e overweight and children with
3 = ® 8% ¢ 3 i 66,67,74
S| S|=s%<%% E < < B obesity.
3| S|323=2 S8 5 5 =
2 . g Aspartate Aminotransferase and NAFLD
2 £
© < @ o . .
E) S = N 8 otal of 2 studies examined the
N Sl § = & A total of 2 stud d th
IT] = v o < 5} ; -
Z| B|8352g% ¢ g 3 g prevalence of abnormal aspartate
=l HfEEess - @ z aminotransferase (AST),>*'3® whereas
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4 provided mean values for AST.>*>*

6770 Of the 2 studies examining the
prevalence of abnormal AST

(Table 28), 1 from a pediatric
endocrine clinic found no significant
difference abnormal AST among
children with class I, II, or III obesity.34
The other study did not provide
statistical analysis of prevalence.*
A study of children with Down
syndrome showed a significant
difference between mean AST

(Table 29) for children with healthy
weight (35.00 U/L) and children with
overweight (30.12 U/L).”® This same
study showed almost double the
prevalence of NAFLD (Table 30) in
children who were overweight.
Another study showed no significant
differences by obesity severity for
mean AST or NAFLD.®” A third study
demonstrated greater prevalence of
NAFLD among those with severe
obesity, compared with class |
obesity.”

Population Info
management program

patients

syndrome
Community

Steatohepatitis clinic
patients

Patients with Down
Pediatric weight
Community

School based

Weight
definitions

0B > 97th

0B > 97th
OW = 85th-97th %ile,

OW = 85th-97th %ile,

Notes
IV =26

P
<.002
<.001

NS
.001
NR
<.05
NS
<.001
.001

Class Il
29
316
30.5
64

Class Il
25
25.5
61

Obstructive Sleep Apnea

Class |
24.90
24
21.0
23

17

59

Eight studies examined the prevalence
of obstructive sleep apnea (OSA)
(Table 31).>¢1383135110 By parent
report, there was no significant
difference in the prevalence of OSA

© = among children with healthy weight,
overweight, or obesity.® Studies using
polysomnography results show
increasing prevalence of OSA as
obesity severity increases,>8%140.141
Studies using diagnosis of OSA also
find increased OSA as obesity

WOI'SEI‘IS.135'142

Overweight

21.15
17
28.74
249

189
16
19
41

Healthy
15.94
27.57
17

Total
25.0

Subgroup
(eg, M/F)
Males
Females

Units
ul/L
u/L
ul/L
u/L
IU/L
u/L
IU/L
/L

Asthma

84

N
283
2244
345
847
1332
120

76

A total of 26 studies reported

the prevalence of asthma

(Table 32).13>1427166 yjrtyally all
studies used parent-reported or
self-reported asthma, although they
varied in the reporting of current
asthma or ever having asthma, as
well as specifically asking for report
of a physician diagnosis. Most
studies showed significantly higher
asthma in children with obesity
compared with children healthy

6-13
7-20
5-18

Ages (y)
6—1
5—1
5-1
12-13

Mean 13

=8)

Country
Australia
USA
[taly
Canada
Canada
Canada
Korea
us

NR, not reported; NS, not significant; 0B, obese; OW, overweight.

TABLE 27 Mean ALT (n
First Author
Bell
Zabarsky
Valentini
Salawi
Hadjiyannakis
Higgins
Kim
Seth
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TABLE 28 Prevalence of Abnormal AST (n
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Weight
Definitions

Definition

Subgroup

Population Info

Notes

Ages (y) N (eg, M/F) of Abnormal Total Healthy Overweight Class | Class Il Class Il P

Country

First Author

Pediatric endocrinology

31.0 11.8 .099

13.3

>46

101

3-18

us

Salvatore

patients

11.5 26.3

43

7.2
49

>33 U/L

496 Males

14-17

Australia

Booth

9.7 0.0

42

>26 U/L

Females

weight. One nationally
representative US study of children
2 to 19 years of age showed 15.7%
children with obesity had asthma,
compared with 10.3% of children
with healthy weight."** Only

2 studies, both of a health plan
population, included children with
severe obesity, demonstrating a
stepwise increase in asthma
incidence and prevalence as weight
status increased.*31*?

Depression

A total of 6 studies examined the
prevalence of depression,6'13'81'135'
167168 \vhereas 3 provided mean
values for depression inventories.'®”
169170 The studies of the prevalence of
depression (Table 33) showed
conflicting findings. Three, based on
Center for Epidemiologic Studies
Depression Scale (CES-D) scores, self-
report, and International Classification
of Diseases, 10th Revision (ICD-10),
codes showed no difference by weight
status.2135167 Two others, using
parent report and depression
inventory, showed significantly higher
depression as weight status
increased.®'® The mean values for
depression inventories (Table 34)
were more consistent; 2 demonstrated
significantly higher scores at higher
weight status, %7179 whereas another
smaller study examining class III
obesity did not.'®”

DISCUSSION

Overall, across most laboratory values,
diagnoses, and age groups, obesity was
associated with increased prevalence
of abnormal values and/or greater
comorbidity prevalence. In addition,
more severe degrees of obesity were
associated with greater abnormalities,
in concordance with prior evidence.>®
However, population-based data
showed smaller differences, compared
with samples drawn from clinical care.
Additionally, these population-based
samples typically showed that the
great majority of children have normal
values, even children with obesity,

although abnormal values were more
frequently observed in the higher age
categories.

Implications for Lipid Screening

In general, prevalence of abnormal
lipid values varied with weight
classification. For HDL cholesterol,
values decreased as weight
classification increased, with
prevalence of abnormal HDL
approximately 10% in children with
healthy weight and 40% for children
with obesity. There were not enough
data to determine whether prevalence
of abnormal HDL varied within the
obesity classification by severity.
Mean HDL values also showed a
decrease (worsening) with increasing
weight classification. Similarly, the
prevalence of abnormal LDL
cholesterol also increased with
increasing weight classification.

The prevalence of abnormal TG
increased with increasing weight
classification, with the magnitude
differing depending on the abnormal
cutoff value chosen. Mean TG also
increased as weight classification
increased.

Abnormal total cholesterol values
were more common in children with
obesity than in children with healthy
weight. There was also a significant
difference in mean total cholesterol
between children with healthy weight
and children with obesity. In these
studies, a variety of cutoffs for
abnormal lipid values were used, but
although prevalence varied with the
cutoffs, having obesity was in all
studies associated with a higher
prevalence of abnormal lipid levels.

Choosing the cutoff point considered
to be clinically relevant is important
to understanding the potential
application of these data. For
example, for the studies reporting TG
abnormalities, many studies selected
>110 mg/dL, whereas others selected
>130 mg/dL or >150 mg/dL. The
prevalence varies considerably
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TABLE 29 Mean AST (n
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Weight
definitions

Subgroup

Population Info

Class Il Class Ill P Notes

Healthy  Overweight  Class |

Total

(eg, M/F)

No

Units
ul/L
u/L

Ages (y) N

Country

First Author

Patients with Down syndrome

Community

0.03

30.12
24

35.00
26

5—18 84
1332

Italy

Valentini

OW = 85th-97th %ile,

NS

25

Males

5-19

Canada

Higgins

0B > 97th
OW = 85th-97th %ile,

Community

NS

23 23

23

Females

0B > 97th

School based

0.004
0.16

20.5
29

18

U/L
u/L

120
767

12-13
Mean 13

Korea
USA
NS, not significant; 0B, obese; OW, overweight.

Kim

Seth

Steatohepatitis clinic patients

35 37

35

depending on the cut-point selected.
Multiple organizations, including the
National Lipid Association and

the Endocrine Society, indicate

=150 mg/dL as elevated TG, and
other organizations, such as the
American Academy of Pediatrics and
the American Heart Association,
indicate that the value depends on
age. High TG is considered to be
>100 mg/dL for children younger
than 10 years and >130 mg/dL for
children 10 years and older. This
cutoff is important to understand
patterns of high TG in children,
especially when the study samples
included both younger and older
children. An example of the effect of
the cutoff value used on prevalence
differences can be seen by 2 studies
conducted by Ice et al. When
conducting their study with a large
sample of children ages 9 to 13 years
and using the cutoff of >110 mg/dL,
the prevalence of high TG was 14.2%
(healthy weight), 29.8% (overweight),
and 49.1% (obese). However, in their
other study with a large sample size
of children with a mean age of 10.8
and the cut-point of >150 mg/dL, the
prevalence of abnormal TG was 4.4%
(healthy weight), 12.4% (overweight),
and 25% (obese). There were not
enough data to determine whether
the prevalence of abnormal values
varied within the classification of
obesity.

Implications for Glucose Screening

Most of the studies that reported
prevalence or mean values related to
glucose metabolism observed that
children and adolescents with obesity
had a multifold higher prevalence of
abnormal glucose, insulin, and other
glucose-related values compared with
children of healthy weight. These
differences by weight status were
reported in preschool-aged children
up to adolescents. However, there
was limited information on the extent
to which glucose and related
measures varied across categories of
obesity. A few studies noted a dose-
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response relationship between
increasing obesity classification and
fasting insulin level, but many studies
only compared children with healthy
weight versus children with obesity,
so it is less clear when glucose
metabolism aberrations occur or
worsen across specific severities of
obesity.

There was a wide range of
prevalence of abnormal

HbA1lc (1% to 17%), abnormal
glucose (0% to 26%), abnormal
insulin (0% to 80%), elevated
HOMA-IR (0% to 71%), and
metabolic syndrome (0% to 41%),
depending on the weight status and
age range of the sample and the
definition used to classify abnormal
values. Surprisingly, there were few
studies reporting prevalence of
prediabetes (1 study) or overt
diabetes mellitus (6 studies) in this
age range. There was great variability
of mean glucose-related values within
samples. However, for the most part,
the reported subgroups did not have a
majority of participants classified as
abnormal, nor did the subgroups have
a mean glucose or glucose-related
value outside of the healthy range. An
exception is a sample of Canadian
youth ages 9 to 16 years with obesity
that had an 80% prevalence of
abnormal insulin, and 71% of
adolescents with class III obesity
entering a bariatric surgery

program had abnormal HOMA-IR.*®
The samples with higher prevalence
and higher abnormal values were
typically clinic-based, including

from subspecialist clinics and/or
weight management specialty clinics,
including a bariatric surgery program.
Among these more advanced cases of
obesity, elevated insulin level was
consistently high and was not
differentiated by class of obesity.

There were no consistent sex
differences in glucose-related
measures. In general, glucose
abnormalities increased in
prevalence with increasing age,

SKINNER et al
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TABLE 30 Prevalence of NAFLD (n
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Weight
Definitions

Definition
of Abnormal

Subgroup

Population Info

Class Il Class lll P Notes

Class |

Healthy Overweight

Total

(eg, M/F)

84 No

767
1027 Males

Country  Ages (y) N

First Author

Patients with Down syndrome

82

45

64.3

Diagnosis

5-18
Mean 13

ltaly

us

Valentini
Seth

Steatohepatitis clinic patients
Obesity clinic patients

27 30 13
<.001

22

20

Stiffness >2.71 kPa

0B 95th,

19.7

4.1

Sonographic evidence

Israel 2-18

Avnieli Velfer

S0 120%/95th

0B 95th,

of fatty infiltration

Obesity clinic patients

<.001

18.6

49

Females

S0 120%/95th

0B, obese; SO, severe obesity.

although there were noticeable
elevations by obesity status in
samples as young as preschool-aged
children. There was a dearth of
prevalence data available on
nationally representative datasets,
particularly for HOMA-IR. The
presence of glucose abnormalities
among youth with obesity supports
the need for screening, but given
the wide variability observed across
population and clinic-based studies,
taking into account other risk
factors may be important to avoid
unnecessary tests.

Implications for Blood Pressure
Screening

The prevalence of elevated SBP was
higher in children with overweight
and obesity compared with children
with healthy weight. This association
was true in both males and females.
Mean values of SBP were significantly
different between children with
healthy weight and children with
overweight and obesity. Within the
obesity classification, mean SBP
increased with increasing BMI. The
association between SBP and BMI was
observed in all age groups study and
in both males and females. DBP
prevalence also varied with BMI
across age groups and increased
within increasing obesity
classifications. Hypertension (defined
as elevated SBP or DBP) prevalence
increased with increasing BMI.
Prevalence also increased with age.

The association of increased
prevalence of SBP, DBP, and
hypertension in children in children
with overweight and obesity in
addition to increased mean SBP and
DBP supports BP screening these
groups.

Implications for Other Screening

There are a limited number of
studies examining prevalence of
abnormal AST and ALT. Increases in
prevalence were found between
children with healthy weight and

children with obesity. Two studies
examined prevalence within obesity
classifications and found no
difference in prevalence. Differences
in mean ALT were found between
children with normal weight and
those with obesity in addition to
increases in mean ALT with
increasing obesity classification.

One study of mean AST did not find
any difference within obesity
classification. Only 1 study
documented prevalence of NAFLD,
pointing to an important area of
future research, particularly because
this study observed a doubled
prevalence of NAFLD in children with
overweight compared with children
with normal weight. Further, only

1 study reported prevalence of OSA.
With so few data, it is difficult to
make screening recommendations.

Asthma is consistently associated
with obesity in children at a variety
of ages. In contrast to the previously
discussed comorbidities, however,
asthma presents symptomatically.

Therefore, it is unclear whether the
data demonstrate a need for
increased asthma screening.

Data regarding the relationship
between obesity and depression are
particularly limited.

These data suggest there may be a
relationship between obesity
depression but are not adequate to
make statements regarding the need
for screening, specifically for
children with obesity. All children
12 years and older should be
screened for depression, regardless
of weight status.”*

Limitations of Current Research

There are several limitations of the
current literature that warrant
attention. First, the cross-sectional
design of these studies prevented an
examination of within-individual
changes in comorbidity prevalence as
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it relates to fat accumulation and
obesity and comorbidity incidence
across the age range. This
limitation makes it difficult for a
primary care provider to determine
when during a young patient’s life
these screenings are most efficient,
useful, and necessary. Many studies
examined samples with wide age
ranges and did not stratify by age
group, making it difficult to identify
a window of opportunity when
screening may be most useful for
early detection of a patient’s
transition into pathophysiology.
Further, although there were
distinct differences in prevalence of
abnormalities and mean laboratory
values between children with
normal weight versus those who
were overweight and obese, more
information is needed on the
specific amount of body fat or level
of BMI at which aberrations occur.
Although screening youth with
severe obesity may be commonly
practiced, we currently have too
few data to determine whether
youth in the overweight range or at
the low end of obesity should be
screened.

Population Info
program patients

Population based
clinic patients

management
Weight management

clinic patients
Weight management

clinic patients

patients
Weight management

Clinic patients
Obesity clinic patients
Obesity clinic patients
Population-based
Pediatric weight
Family medicine clinic

Weight
definitions
obesity 99th
SO 120%/95th

0B 95th,
S0 120%/95th

Overweight 90th,
0B 95th,

Notes

P

.0002
<.001
<.001
0B <.001

NR
<.05

05

NR

NR

NR

ow = .101,

Class Il
17
12.8
1.4
13.6

Class Il
17.3
13.9

8

8.5
54
44

1.3
3.4
1.7
44

Class |
41
4
aOR = 2.50
28

a0R = 200 aOR = 2.75

Overweight
446

Healthy
9.1

1.0 (ref)
1.0 (ref)
0.46

The inconsistency in definitions of
comorbidities is also challenging in
this age range. It is difficult to
compare prevalence estimates when
studies use different thresholds for a
clinically abnormal or pathologic
level. Further, it is challenging for
the primary care provider to
develop treatment strategies
without more concrete guidelines on
how to interpret screening results.
The inconsistency in definitions
made it difficult to compare
prevalence across countries, across
race and ethnic groups, and across a
variety of settings. There are
insufficient data on national
prevalence estimates, with many
studies using convenience samples
via school-based screening or
specialty clinical settings. Less is
known about the occurrence of

Total

Definition
of Abnormal
(3 y following BMI)

Index =2

AHI >1
over 8y

Chart review

8)

Apnea—Hypopnea
Persistent SDB

Diagnosis
ICD-10
AHI >1

Subgroup
(eg, M/F)
Females

N
172
1027 Males

421
847
9443
421
154
880
1004

7-18
2-18
5-12
5-17
5-8
2-17
2-5
6-11
12-17

Country  Ages (y)

Denmark
Israel

us

UK

us

us

First Author

Andersen

Avnieli Velfer

Frye

Hadjiyannakis Canada
Kelly

Silverio

Tsao-Wu

AHI, xxx; aOR, adjusted odds ratio; NR, not reported; 0B, obese; OW, overweight; SO, severe obesity.

TABLE 31 Prevalence of obstructive sleep apnea (n
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taking into account individual circumstances, may be appropriate.
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