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Abstract

Background: An increasing number of clinical practice guidelines recommend screening
children with obesity for non-alcoholic fatty liver disease (NAFLD). However, there is limited
evidence regarding what parameters should be used to initiate the screening.

Objective: The objective of this study was to determine whether obesity class rather than age
group can identify a higher percent of children at risk of NAFLD as assessed by abnormal alanine
aminotransferase (ALT).
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Methods: This is a cross-sectional study in a regional referral clinic for evaluation of obesity.
Children were stratified by age group or by obesity class, and data obtained at first visit were
analysed.

Results: Of the 784 children, 482 were 210, 209 were 6 to 9 and 93 were 2 to 5 years of age.
Abnormal ALT was observed in 32.1%, 46.9% and 61.0% of children with class I, 11 or 111 obesity,
respectively (p < 0.001), while the risk of abnormal ALT did not differ in very young (2-5), young
(6-9), or children older than 10 years. A multivariable analysis showed that class Il and class Il
obesity were associated with 2.1-fold (1.27-3.72) and 4-fold (2.41-6.96) greater odds of abnormal
ALT compared with class | obesity. African-American children had lower risk of abnormal ALT
(0.27), whereas Hispanic children had higher risk (2.37). Obesity class was a better predictor of
abnormal ALT than age, especially in girls. Furthermore, 66.7% of boys (o = 0.009) and 69% of
girls (p < 0.001) with abnormal ALT exhibited additional signs of metabolic dysfunction.

Conclusion: Obesity class is more strongly associated with abnormal ALT than age.
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INTRODUCTION

Non-alcoholic fatty liver diseas e (NAFL D) is the most common cause of elevated liver
enzymes in North American children.1:2 An increasing number of medic al societies
recommend screening of children with overweight and obesity for NAFLD. 2 The American
Academy of Paediatrics Expert Committee on Obesity recommends biannual screening in
children with obesity and children with overweight and additional risk factors starting at

the age of 10. # Similarly, the North American Society for Paediatric Gastroenterology,
Hepatology and Nutrition (NASPGHAN) recommends screening beginning between ages 9
and 11 years in all children with obesity and for children with overweight and metabolic
comorbidities. > NASPGHAN also suggests to consider earlier screening in younger children
with severe obesity, family history of NAFLD or hypopituitarism. ® The European Society
for Paediatric Gastroenterology, Hepatology and Nutrition states that NAFLD typically
presents in children over 10 years, but screening should also be performed in children

aged 3 to 10 years with obesity. 8 In contrast, the American Association for the Study of
Liver Diseases declares that there is insufficient evidence to make a formal recommendation
regarding NAFLD screening in children with overweight and obesity. 7 Thus, even though
NAFLD is the most common liver disease in childhood, when to initiate the screening is not
fully defined.

NAFLD evaluation in adults is stratified based on the likelihood of identifying patients with
advanced liver fibrosis. Older age and type 2 diabetes mellitus (T2DM) are important risk
factors for advanced NAFLD in adults. Insulin resistance & appears to be the fundamental
abnormality in pathophysiology of advanced fatty liver disease but other variables such as
high dietary fructose intake,? increased de novo lipogenesis®land decreased mitochondrial
fatty acid oxidation!? appear to play a role.
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The risk factors for advanced NAFLD in children have not been elucidated. NAFLD
prevalence increases with age, but the risk of more advanced forms of NAFLD is not
increased in older children.13-15 Fortunately, few children with NAFLD have T2DM, even
though many have insulin resistance.16:17 Severity of obesity in children is associated with
more advanced liver disease, 1518 leading to suggestions that obesity-associated liver disease
is a more appropriate name for this condition in children.19:20 Despite the use of different
criteria for screening children with obesity, current guidelines do not recommend risk
stratification of paediatric NAFLD based on obesity class.

The objectives of our study were to examine whether stratification by obesity class, rather
than age, can identify a larger percent of children with abnormal ALT and if these children
have an increased risk of other metabolic abnormalities.

2| METHODS

This is a retrospective observational study analysing cross-sectional data from Kentucky
Children’s Hospital High Body Mass Index Clinic, a regional referral clinic serving children
and adolescents with obesity. Subjects included children with obesity (BMI 295th % for

age and sex) aged 2 to 18 years. The data from the patients’ first visit were analysed.
Laboratory values were included only if they were obtained at our centre in a fasted state.
Blood pressure values not obtained by auscultation and the laboratory evaluations performed
by outside labs were excluded in order to increase accuracy. Children with non-obesity
related liver disease, anaemia, hemoglobinopathy or those receiving medication affecting
blood pressure, lipid profile, liver enzymes or glucose metabolism were excluded.

During the first visit, we collected the following information: demographic data,
anthropometric measurements such as weight (kg), height (cm) and body mass index
(BMI), blood pressure (BP) and biomedical markers. The BMI was calculated using

the recommended standard formula: BMI (kg/m?) = weight (kg) divided by height in
metress quared. A BMI =95th percentile for age and sex using the 2000 CDC growth

charts indicated obesity.2! The biomedical markers collected included the following: total
cholesterol (TCh), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), triglycerides (TG), fasting glucose (FG), glycosylated haemoglobin Alc
(HbAX1c), 2-h plasma glucose (2 h glucose) as part of oral glucose tolerance test and liver
enzymes.

Children were grouped into three age categories: very young (2-5 years), young (6-9 years)
and children 10 years or older ( =10). Subjects were divided into three obesity classes

based on age- and sex-specific percentage of the 95th BMI percentile: class | (BMI 95%
-119%), class 11 (120%-139% or BMI =35 kg/m? ) and class 111 (BMI =140% or BMI 240
kg/m?2). 422 Children were classified as White, African-American, Hispanic or Other based
on self-identified race and ethnicity. County of residence was referred to as metropolitan,
adjacent non-metro and rural. Serum alanine aminotransferase (ALT) >22 U/L for girls

and >26 U/L for boys were considered abnormal.®> Risk for NAFLD was diagnosed if the
patient had abnormal ALT over 6-month period and other causes of chronic hepatitis had
been excluded, as all children had obesity. Chronic hepatitis was excluded by assessing
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for autoimmune markers, ceruloplasmin and serum copper, alpha 1 antitrypsin level and
phenotype and hepatitis B and C. Two times above the upper limit of normal ALT (ALT =50
for boys and =44 for girls) was used for more stringent diagnosis of NAFLD. These cut-offs
have a sensitivity of 88% and a specificity of 26% for diagnosis of NAFLD in children with
obesity.3

Dyslipidaemia was defined as one or more of the following: TCh =200 mg/dl, HDL <40
mg/dl, LDL =130 mg/dl or TG =100 mg/dl for 2t 0 9 years and TG =130 mg/dl for

those =10 years.23 Increased BP was defined as having pre-hypertension or hypertension by
auscultatory measurements. Pre-hypertension was defined as age-, sex- and height-specific
systolic or diastolic BP >90th% or >120/80 mmHg; hypertension was defined as BP >95th%
or =130/80 mmHg.2* Definitions of pre-diabetes or diabetes were based on the American
Diabetes Association?® with pre-diabetes defined as either FG =100 mg/dl, HbAlc between
5.7% and 6.4%, or 2-h plasma glucose between >140 and <200 mg/dl on oral glucose
tolerance test (OGTT). Diabetes was defined as having either FG >125 mg/dl, HbAlc 26.5%
or 2 h glucose =200 mg/dI.25 Metabolic dysfunction was defined as three or more of the
following: obesity >class 11, diabetes risk (pre-diabetes or diabetes), dyslipidaemia (high
TGs, low HDL) and/or increased BP (pre-hypertension or hypertension). This definition
was adopted with modification from previously published paediatric metabolic syndrome
definition28 with waist circumference >90th percentile replaced with obesity >class I1.

Data collection was approved by the Institutional Review Board from the University of
Kentucky College of Medicine. Data were prospectively collected on 619 subjects as part
of a registry, and the parents and children signed the consent and assent. The data on 165
subjects were collected as a retrospective chart review, and IRB exemption was granted to
include these data. Study data were collected and managed using Research Electronic Data
Capture (REDCap)?” hosted at the University of Kentucky.

2.1| Statistical analysis

For categorical variables, frequencies and column percentages (%) were reported, and p
values were calculated using chi-squa re and Fisher’s exact tests as appropriate. Continuous
variables were tested for normality using the Shapiro-Wilk normality test along with
histograms. Normally distributed continuous variables were reported using means and
standard deviations (SD), and p values were calculated using one-way ANOVAS; otherwise,
medians and first/third quartiles [Q1,Q3] were reported, and p values were calculated using
Kruskal-Wallis tests. Additionally , certain variables such a s age, obesity , TCh, LD L,
HDL and TG we re teste d for linear trends with age group and obesity class, and p values
were calculated using chi-square test for trend. A multivariable binary logistic regression
model was used to estimate the effects of obesity class and age group on abnormal ALT
while adjusting for race and county. Only weight and height were ana lysed as continuous
variables in Tables 1 and 2. Statistical significance was set at p< 0.05 and all tests were
two-sided. All analyses were done in R programming language, version 3.6.2. 28 Chi-square
tests were conducted using the “Ibl_test’ function from the R package coin, version 1.3-1.29
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3| RESULTS

3.1| Abnormal ALT is equally prevalent in children older or younger than 10 years of age

We evaluated the risk of abnormal ALT in children =10 years, who would have been
screened following the current paediatric guidelines, and in young children aged 6 to 9 years
and very young children 2 to 5 years of age. A total of 784 children with obesity were
included in the study: 482 were =10 years, 209 children were 6 to 9 years and 93 children
were 2 to 5 years (Table 1). There was no difference in sex, race or urbanization of county
when subjects were stratified by age. As expected, weight (p < 0.001) and height (p < 0.001)
were significantly greater in older compared with younger children. Neither obesity class,
risk of abnormal ALT, nor dyslipidaemia increased with age. On the other hand, increased
BP and diabetes risk were more prevalent in older children compared with young or very
young children. Thus, in children with obesity, the risk of abnormal ALT and dyslipidaemia
did not increase with age.

3.2 | ALT increases with severity of obesity in children

In the subsequent analysis, children were stratified according to obesity class (Table 2). Race
and urbanization of county, but not sex, were significantly associated with obesity class.
Most White children had obesity class 111 (69.0%), whereas the highest percent of Hispanic
children had class I obesity (24.0%). Children residing in metro counties had the highest
prevalence of class | obesity (77.0%), while those from rural counties had high prevalence
of class 111 obesity (38.5%). By definition, weight was significantly increased with higher
obesity class (p=0.001), but height did not increase with obesity class. Age group was

not associated with obesity class. Higher obesity class was significantly associated with
abnormal ALT (p < 0.001). The percentage of children with abnormal ALT increased from
32.1% in class | to 46.9% in class Il to 61.0% in class I11 obesity. The percent of children
with dyslipidaemia also increased with obesity class; however, this finding did not reach
statistical significance (p=0.067). Similar to stratification by age, increased BP and diabetes
risk increased with increasing obesity class. In summary, a higher percentage of children
with severe obesity had abnormal ALT.

3.3 | Obesity class, but not age, increases odds of abnormal ALT

In a multiple logistic regression analysis, obesity class was associated with increased odds
of abnormal ALT (Table 3). Using class | obesity as the reference group, children with class
Il obesity had 2.2-fold higher odds of abnormal ALT (p = 0.005). Children with class Ill
obesity had 4.1-fold higher odds of abnormal ALT (p < 0.001) even when controlling for
age, race and county. Conversely, age group was not associated with abnormal ALT both
with and without adjustment for race, county and obesity class. In agreement with previous
studies, 30 race was associated with abnormal ALT. African-American children had 72%
lower odds (OR = 0.27) (p < 0.001), while Hispanic children had 137% higher odds (OR

= 2.37) of abnormal ALT (p = 0.01) relative to White children. County urbanization was
not associated with abnormal ALT after adjustment for race, age group and obesity class. In
summary, a multiple binary logistic regression analysis demonstrated that obesity class, but
not age, was associated with an increased odds of abnormal ALT in children with obesity.
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3.4 | Obesity class, but not age is associated with abnormal ALT and the metabolic
dysfunction, especially in girls

Children with normal and abnormal ALT were sub-analysed by sex (Tables S1 and S2). In
boys, abnormal ALT was found in 41.0% of very young, 52.1% in young and 58.2% in boys
=10 years, but this increase was not statistically significant (o= 0.134) (Figure 1) (Table S1).
However, higher obesity class was significantly associated with abnormal ALT in boys (p <
0.001), so that 37.5% of boys with class I, 50.0% of boys with class Il and 61.4% of boys
with class 111 obesity had increased ALT. Abnormal ALT was associated with higher obesity
class Il (p=0.01) and higher serum TGs (p = 0.02), but not with low HDL (o= 0.08),
increased BP (p = 0.90) or diabetes risk (p = 0.05). Moreover, 66.7% of boys with abnormal
ALT had three or more signs of metabolic dysfunction compared with 33.3% of boys with
normal ALT (p= 0.009). In boys, obesity class was more strongly associated with abnormal
ALT than age group.

This relationship observed in boys was even stronger in girls (Table S2). The percent of girls
with abnormal ALT decreased with age such that 64.8% of very young, 56.1% of young

and 41.8% of girls =10 years had abnormal ALT (p=0.007) (Figure 1). In contrast, ALT
increased with obesity class in girls, so that 28.1% of girls with class I, 44.6% with class

Il and 60.5% of girls with class 111 obesity had abnormal ALT (p < 0.001). When assessing
the individual components of the metabolic dysfunction, abnormal ALT was associated with
increased obesity class =1 (p < 0.001), low HDL (p=0.001) and high TGs (p < 0.001),

as compared with girls with normal ALT. Moreover, we found that 69.0% of girls with
abnormal ALT had three or more signs of metabolic dysfunction compared with only 31.0%
of girls with normal AL T (p< 0.001). Thus, obesity class correlates more strongly with
abnormal ALT and the metabolic dysfunction than age especially in girls.

While increased ALT was not more prevalent in children =10, two times the upper limit of

normal ALT did increase with age (p=0.008) and obesity class (o= 0.048) in boys (Table

S3). Similarly, ALT above two times the upper limit of normal also increased with age (p =
0.017) and obesity class (p < 0.001) in girls.

3.5| Young and very young children with obesity have similar prevalence of
dyslipidaemia as children over 10 years

The most common lipid abnormalities in children with obesity were low HDL cholesterol
and high triglycerides (Figure 2), in agreement with prior report. 31 Mean HDL was
significantly (p=0.04) lower in children =10 years (40.9 mg/dl) and in young children (42.2
mg/dl) compared with very young c hildren (43.7 mg/dl). Mean serum TGs significantly
increased (p = 0.007) with age in very young (102.0 mg/dl) compared with young children
(115.4 mg/dl) and children =10 years (126.9 mg/dl). However, abnormal serum TGs are
defined as values >100 mg/dl in children younger than 10 years an d over 130 mg/dl in
children =10 years. Thus, hyper-triglyceridaemia was less prevalent in children over 10 years
of age compared with those 6 to 9 and 2 to 5 years.

When stratified by the obesity class, TCh, LDL and TGs did not significantly differ in
children with class I, Il and 111 obesity, while an abnormal HDL increased with increasing
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obesity class (o =0.0001). In summary, dyslipidaemia was neither more prevalent in
children =10 than younger children, nor in children with higher obesity class than those
with lower obesity class.

Additional components of metabolic dysfunction stratified by age or obesity class

The other components of metabolic dysfunction were also analysed by age or obesity class
(Figure 3). Glucose handling was assessed by measuring either HbAlc, FG and/or 2-h
OGTT. HbA1c was measured in 658 children, of whom 458 had normal readings, 189 were
in pre-diabetic range and 11 were in diabetic range (Figure 3A). FG was measured in 671
children, of which 631 had normal readings, 39 were in pre-diabetic and one was in diabetic
range. OGTT was performed in 217 children, of which 186 had normal readings, 30 were

in pre-diabetic and one was in diabetic rage. In summary, a third of children with obesity
had pre-diabetes, but very few presented with diabetes. HgAlc was the most commonly
abnormal test, as compared with the FG or OGTT.

Systolic and diastolic BP was measured in 599 children with obesity. Systolic BP was
increased in 134 children and diastolic BP was abnormal in 120 children. Abnormal systolic
BP, defined as having either pre-hypertension or hypertension, was more prevalent with both
increasing age (p < 0.001) and obesity class (p = 0.006) (Figure 3B). Abnormal diastolic BP
also increased with age (p = 0.04) and obesity class (o= 0.01).

County urbanization was associated with obesity class (o = 0.001), as children with more
severe obesity resided in rural counties over metro counties (Figure 3C). This is not entirely
accounted for by a referral bias, as children with obesity class 111 did not live further away
from our centre compared with children with obesity class | (Figure 3D).

DISCUSSION

NAFLD is the most common cause of abnormal ALT in American children,1~3 and

is associated with increased liver-related and all-cause mortality in both children32 and
adults.33:34 Early identification and successful treatment aimed at prevention of liver
fibrosis and obesity-associated comorbidities can improve NAFLD-associated morbidity and
mortality. Screening for NAFLD by measuring serum ALT is recommended in children who
are overweight or have obesity beginning at 9 to 11 years of age. We undertook this study

to assess the risk of abnormal ALT in children with obesity when stratified by age group

or obesity class. Additionally, we compared the prevalence of abnormal ALT in young and
very young children, as compared with children older than age 10, who would have been
screened for NAFLD per current guidelines. We found that older and younger children with
obesity have equivalent risk of abnormal ALT. Interestingly, obesity class, rather than age
group, is more frequently associated with abnormal ALT. In a multivariable analysis, higher
obesity class was associated with increased odds of abnormal ALT, whereas older age was
not. Further, abnormal ALT was associated with increased risk of metabolic dysfunction. In
summary, higher obesity class can identify a larger percentage of children with abnormal
ALT than age group.

When stratified by age group, children =10 years with obesity have similar risk of abnormal
ALT as younger children with obesity. In contrast, children with more severe obesity
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have higher prevalence of abnormal ALT than those with less severe obesity. Risk of
abnormal ALT in younger and older children is analogous to risk of dyslipidaemia in

our study in younger and older children with obesity. Screening for dyslipidaemia is
universally recommended in all children 9 to 11 years23 and in child ren with obesity over
2 years. 22:23.35 With additional paediatric data on how best to identify children at risk,
recommendations for NAFLD screening may parallel the evolution of screening guidelines
for dyslipidaemia, to include younger children with obesity.

Obesity class is even more strongly associated with abnormal ALT in girls than boys. The
percentage of girls with abnormal ALT actually decreased with age, whereas the prevalence
of abnormal ALT increased with higher obesity class. While we did not record pubertal
status, it is likely that girls with obesity older than 10 years are more likely to have entered
puberty compared with young and very young girls. Oestrogen may have beneficial effects
on NAFLD?36:37 while oestrogen deficiency worsens NAFLD.38:39 Another possibility is that
an ALT decrease in young girls may represent a natural history of ALT regression in young
children. 40 However, a decrease in ALT was much greater in girls over 10 years of age than
in younger girls. In our study a decrease in ALT with age was not observed in boys, pointing
to a hormonal effect.

While the risk of abnormal ALT did not differ in younger children and children =10, most
patients with ALT elevation above twice the upper limit of normal were older than 10

years of age. The guidelines recommend that diagnosis of NAFLD should be considered

in children with ALT values above two times the sex-specific cut-offs.# Since abnormal
ALT values in younger children have not been clearly established in terms of NAFLD

risk, applying these stringent cut-offs to young and very young children may overlook a
significant number of children at risk. Indeed, a more recent study of 1156 participants
reported a median ALT of 12 in children at 9 years of age. 4 Moreover, over-relying on ALT
to diagnose NAFLD may be problematic as up to 24% of children with NAFLD activity
score (NAS >3) have been reported to have normal ALT.42 Assessing the severity of obesity
and additional metabolic risk factors may improve the accuracy of diagnosing NAFLD in
children older and younger than 10 years of age.

In agreement with our finding that obesity class is more strongly associated with abnormal
ALT, Sethet al., found that the odds of having ALT>80 U/L was the greatest in children with
class 111 obesity. 43 Furthermore, the children with class 111 obesity had more advanced liver
disease as assessed by higher liver stiffness on magnetic resonance elastography and greater
percent of patients with NAS >5 on liver histology. However, the study by Sethet al., did not
include many young and very young children and thus did not stratify their results by age

group.

Several factors might explain why obesity class rather than age can more accurately identify
children at risk of severe NAFLD compared with the adults. The short time span of
paediatric NAFLD might be one reason why age is not a pivotal factor in paediatrics.

Age range for paediatric NAFLD is already tightly defined (2-18 years), whereas NAFLD
in adults commonly spans over several decades. In adults, T2DM is a fundamental risk
factor for severe NAFLD.#445 A third of the children in our study had pre-diabetes, but
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only a few had diabetes, yielding more importance to obesity class as a predictor of NAFLD
severity. Lastly, paediatric NAFLD is likely a more severe form of disease than adult
NAFLD, as it develops early in life and can progress to liver failure in a relatively short
period of time. 324647 |ndeed, adolescents with severe obesity were found to have more
pronounced balloon degeneration and higher incidence of liver fibrosis compared with adults
with similar level of obesity. 18

In adults, the risk of advanced NAFLD increases with BMI and age. 4849 Whereas severe
obesity correlates with increased risk of liver fibrosis,>® obesity status by itself is a poor
predictor of NAFLD severity in adults. Up to 50% of adults with obesity might not even
develop NAFLD.51:52 On the other hand, age is a much stronger predictor of NAFLD
severity in adults. Age is used in non-invasive disease scoring models, such as i n the
NAFLD fibrosis score (NFS)®3 and fibrosis-4 index (FIB-4),4 which are used clinically

to stratify the risk of advanced NAFLD in adult patients. Moreover, the results of another
commonly used non-invasive test, enhanced liver fibrosis (ELF),%® are affected by the
patient’s age. The use of these non-invasive tests is encouraged by the clinical practice
guidelines,”26:57 as they can stratify the risk of advanced NAFLD in patients between 35
and 65 years of age. These measures do not perform as well at extremes of ages. FIB-4 was
found not to be reliable in patients younger than 35 years %8 and children.5® Thus, age is an
important variable in adults but not in children with NAFLD.

Identifying a larger percentage of children with abnormal ALT is clinically significant as
these children have increased risk of metabolic dysfunction. Our findings are in agreement
with a recent study in school-age children showing that children with NAFLD have higher
prevalence of metabolic risk factors. 60 Identifying a greater number of children with
abnormal ALT has the potential to select patients in need of intensive lifestyle interventions
aimed at avoiding further metabolic complications. The first step in identifying more
children with abnormal ALT is to determine age- and sex-specific upper limits of normal
for young and very young children. Appropriate ALT cut-offs for children with obesity or
overweight in terms of NAFLD risk must be determined in future longitudinal studies.

The strengths of our study are that it includes a large number of children with obesity, 482
of whom were older and 302 were younger than 10 years. When stratified by obesity class,
but not by age group, we found that African-American race was associated with decreased
odds of abnormal ALT, while Hispanic race with increased odds of an abnormal ALT. The
effect of race on NAFLD risk when stratified by obesity class is consistent with other reports
in the literature. 30.61 Thus, stratification by obesity class more accurately identifies NAFLD
risk factors than stratification by age. The main limitation of our study is that presence of
NAFLD was not confirmed by imaging or liver biopsy, although other causes of chronic
hepatitis were excluded.

In summary, we found that stratification of children by obesity class identifies a greater

proportion of children with abnormal ALT than stratification by age. Obesity class may be
readily assessed during routine well-child visits to identify those children at greater risk to
develop obesity-associated complications. Future studies are needed to determine whether
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guidelines to screen for NAFLD in children should be based on age group and/or the
severity of obesity.
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Serum ALT stratified by age versus obesity class in boys and girls. ALT values were
stratified by age for boys (A) and girls (B) and by obesity class for boys (C) and girls (D).
The black dashed lines represent the sex-specific upper normal ALT of 26 U/L for boys
and 22 UJ/L for girls. The dark lines inside of the box plots represent the age group-/obesity
class-specific median ALT values. The upper and lower parts of the boxes represent the 75th
and 25th percentiles, respectively. The whiskers represent either 1.5-times the interquartile
range (75th percentile minus the 25th percentile) from the 25th/75th percentiles or the
maximum/minimum values, whichever is smaller. The red dots indicate the subjects with
abnormal and the grey dots indicate those with normal ALT. The percentages represent the
frequency of children with abnormal ALT in that group. The numbers list the subjects with
abnormal ALT and the total number of subjects in that group
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parameters. The percentages represent the frequency of children with abnormal lipids in that
group. The numbers list the subjects with abnormal lipids and the total number of subjects in

that group

Pedliatr Obes. Author manuscript; available in PMC 2024 June 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Radulescu et al. Page 16
(a) , (b)
.‘O,
Age grou 2-4-5 5“9 ;0 ) £
- — =
ge group 3 Fo
. & &
4 ‘Ll_‘
Ovesity Classl Classli Classi Age group 2-5 6-9 210 ObesityClass!  Classll Classllil
HbAlc Normal Pre-T2DM M T20M Blood pressure: Normal Pre-hypertension [l Hypertension
(c) (d)
Obesity Class
Class|
| Classll
( M ciass Urbanization
Rural
W Adjacent
§ . Metro
- Obesity Class
§ QO cCiass|
E © Classll
@ Class il
®
County Metro Adjacent Rural
FIGURE 3.

Additional metabolic risks stratified by age versus obesity class. The pie charts (A) represent
the percent of children in age groups and obesity classes who were normal (yellow) or
diagnosed with pre-diabetes, HbAlc 5.7% to 6.4% (orange) and diabetes HbAlc =6.5%
(red). The bar graphs (B) represent the frequency of normal (yellow), pre-hypertension
systolic or diastolic BP =90th% (orange) or hypertension systolic or diastolic BP =95th%
(red) in each age group and obesity class. The bar graphs (C) illustrate the percent of
children in each obesity class living in metro, adjacent to metro and rural counties. The
map of Kentucky (D) shows the counties, metro (dark grey), adjacent (grey) and rural (light
grey) and mean obesity class (yellow class I, orange class 11 and red class 111 obesity) of
subjects from that county. Numbers inside the circles represent the number of patients from
that county. Star represents the location of our centre
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TABLE 3

Multivariable analysis of obesity class, age, race and county

Model Intercept
Obesity Class
Class |
Class I
Class 111
Age Group
2-5
6-9
210
Race
White
African American
Hispanic
Other
County
Metro
Adjacent

Rural

Multivariable analysis of abnormal ALT

Odds ratio  95% confidence interval  p value

0.347 (0.169-0.700) 0.003
1.000 ref. ref.
2.153 (1.271-3.717) 0.005
4.051 (2.411-6.959) <0.001
1.000 ref. ref.
1.301 (0.725-2.330) 0.377
1.176 (0.685-2.018) 0.554
1.000 ref. ref.
0.277 (0.161-0.467) <0.001
2.373 (1.241-4.660) 0.010
1.449 (0.298-7.901) 0.645
1.000 ref. ref.
1.493 (0.916-2.447) 0.109
1.301 (0.828-2.044) 0.253
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Note: Obesity class is defined based on age- and sex-specific percentage of the 95th BMI percentile as follows: class | (BMI 95%-119%), class |1

(120%-139% or BMI =35 kg/mz) and class 111 (BMI =2140% or BMI =240 kg/mz). Race was based on self-reported race and ethnicity. County of
residence was referred to as metropolitan, adjacent non-metro and rural.
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