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Abstract'

Introduction Childhood obesity is increasing in Sri Lanka.
Obesity related morbidity is mainly associated with the
metabolic syndrome (MetS) and non-alcoholic steatohep-
atitis (NASH). Recent studies have shown these serious
health consequences in obese children.

Objectives The objectives of our study were to document
the presence of MetS and NASH in obese Sri Lankan
children, to correlate the fat mass (FM) with the waist cir-
cumference (WC) and the body mass index (BMI), and to
compare the association of the WC, BMI and the WHR
(waist-hip ratio) with the metabolic derangements.

Method Children attending the Obesity Clinic at Lady
Ridgeway Hospital, Colombo, from November 2004
to September 2005 were studied. The relevant socio-
demographic data, anthropometric measurements and
examination findings were documented. After a 12-hour

overnight fast, blood was taken for estimation of lipid pro-
file, serum insulin, liver enzymes and blood glucose. The
oral glucose tolerance test (OGTT) was done in children
over 5 years of age. Fatty infiltration of the liver was
assessed by identifying specific features on ultrasonogra-
phy and the degree of infiltration was given a score. We

“modified the International Diabetes Federation (IDF) 2004

guidelines to define MetS. NASH was defined as fatty
infiltration of the liver associated with a raised serum ALT.

Results Seventy children (40 boys) were studied. The
mean (SD) age was 9.7 (2.5) and 9.3 (3.0) years for boys
and girls respectively. Mean BMI was 25.9 in both groups.
All patients had a WC >98" percentile. MetS was found
in 13 of the 63 (21%) children on whom all criteria were
assessed. Sixty children had ultrasonography and NASH
was seen in 11 (18%). The correlation of the percentage
FM was greater with the BMI (r=0.80; p<0.001) than
with the WC (r=0.56; p<0.001), but the WC was more
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significantly associated with the metabolic derangements
than either BMI or WHR,

Conclusions Serious metabolic abnormalities are found
in obese Sri Lankan children and the WC is a reliable
indicator of these derangements.

Introduction

The widespread incidence of childhood obesity is
reflected in numerous reports from several countries span-
ning all continents [1,2]. Apart from its psychosocial
implications, obesity related morbidity is mainly associated
with the metabolic syndrome (MetS) and non-alcoholic
steatohepatitis (NASH). Although deemed to occur in
adults, several countries have reported these conditions in
children and adolescents [2,3]. But the metabolic conse-
quences associated with childhood obesity have not
been previously reported in Sri Lanka.

Objectives

The objectives of this study were to document the
presence of MetS and NASH in obese Sri Lankan children,
identify the association of fat mass (FM) with obesity indi-
cators (WC and BMI) and to identify the anthropometric
measure which best predicts the metabolic derangements.

Method

Children over 2 years of age referred to the Obesity
Clinic of the Lady Ridgeway Hospital, Colombo from
November 2004 to September 2005 were recruited after
explaining the study to the parents and older children. The
Ethical Review Committee of the Faculty of Medicine,
Colombo approved the study.

Socio-demographic data were obtained using an
interviewer administered questionnaire. Each child was
examined and the findings were recorded. Blood was
taken after a 12-hour overnight fast for blood glucose,
serum insulin, lipid profile, serum ALT and AST. The
OGTT was performed in children over 5 years of age
after administration of 1.75 g of glucose/kg to a maximum
of 75¢g[2].

Weight, height, hip circumference (HC) and WC
were measured and the BMI (kg/m?) and WHR were
calculated. The weights and heights of the patients were
measured according to standard practice using an elec-
tronic weighing scale and a wall mounted stadiometer. The
WC, which is an indicator of central obesity, was measured
in the horizontal plane midway between the costal margin
and the iliac crest in the mid-axillary line [4]. The HC was
measured at the maximum extension of the buttocks [5].

Obesity associated morbidity and mortality are
related to the fat content of the body. It is reported that
Sri Lankan children have a higher percentage of fat that
could be associated with adverse health outcomes, which
is not detected by currently available BMI cut-off values
[6]. Hence we calculated the fat mass (FM) of the children,
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The fat free mass (FFM) was assessed initially using
tetra-polar bio-electrical impedance analysis (BIA), based
on the equation described previously which gives the best
prediction of FFM in Sri Lankan children [7]. The
absolute FM was calculated by subtracting the FFM from
the weight, based on the two-compartment body compo-
sition model that identifies the body as being composed
of two components, the FM and FFM [7]. Percentage fat
mass (%FM) refers to the absolute fat mass expressed as
a fraction of the body weight.

Fatty infiltration of the liver was assessed using ultra-
sonography by a single investigator (INAG) and graded
according to ultrasonic appearance of three features: liver
echo texture; liver-diaphragm differentiation in echo
amplitude with the hepatic echo penetration and clarity of
liver blood vessels. Each feature was given a score of 0-3
and the overall score was taken to define the degree of
fatty liver change. A score of 1-3 was indicative of mild
fatty liver change, 4-6 was moderate, and 7-9 denoted
severe infiltration [8].

Definitions used in the study

Obesity was defined as a BMI> 95" percentile for
age and gender—NCHS/CDC 2000 growth charts [9].

We used a modification to the International Diabetes
Federation (IDF) 2004 guidelines [4] to define MetS as a
waist circumference >98" percentile-UK growth charts
2004, with 2 of the following criteria: serum triglyceride
>95" percentile, HDL cholesterol < 5" percentile for age
and gender [10], hypertension, and abnormal glucose
homeostasis.

Hypertension was defined as an average systolic or
diastolic blood pressure (SBP, DBP) > 95" percentile for
age and gender [11].

Abnormal glucose homeostasis was inferred if either
insulin resistance or impaired glucose tolerance (IGT)
was present. Insulin resistance was expressed as HOMA-
IR (homeostasis model assessment-insulin resistance)
calculated using the following formula—fasting insulin
(nU/ml) x fasting blood glucose (mmol/1)+22.5 [2,12].
HOMA-IR value > 75" percentile (4™ quartile value) for
the series was considered as being indicative of insulin
resistance [13].

IGT was defined as a fasting blood glucose>
100mg/dl (5.6 mmol/l) but< 126 mg/dl (7.0 mmol/l) or
2-hour OGTT blood glucose > 140 mg/dl (7.8 mmol/l)
but<200mg/dl (11.1 mmol/l) or the presence of overt
diabetes mellitus [14].

Non-alcoholic steatohepatitis (NASH) was defined
as a combination of ultrasound evidence of fatty infiltra-
tion of the liver associated with a raised ALT [8].

Results

Of the 92 children seen in the clinic during the study
period, 70 (76%) consented to participate in the study. The
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demographic features of the study population are given
in Table 1. The age of the patients ranged from 25 to 177
months. The %FM (SD) of 47.5 (5.7) in boys and 48.6
(10.9) in girls was far in excess of the values associated
with adverse health outcomes (>25% in boys and >32%
in girls [15]).

Disturbing trends were noted in the blood pressures
as shown in Table 2. The mean (SD) HOMA-IR value
was 2.08 (1.8) whereas the value indicating insulin
resistance (4™ quartile value) for this study population
was>2.51. Table 3 gives the manifestations of abnormal
glucose homeostasis. Sixteen children had insulin resis-
tance, and 3 had Type 2 diabetes mellitus (T2DM). The
different components of the MetS observed are given in
Table 4. All children had a WC > 98" percentile. Thirteen

Table 1. Demographic features of the study population

Boys mean (SD) Girls mean (SD)

Number 40 30
Age (years) 9.7 (2.5) 9.3(3.0)
BMI (kg/m?) 259(3.6) 25.9(4.4)
wC 84.2 (11.4) 84.0 (12.0)
HC 85.7 (10.9) 90.1(12.2)
WHR 0.98 (0.05) 0.93 (0.05)
FM (kg) 24.2 (10.1) 26.7 (10.9)
%FM 47.5(5.7) 48.6 (10.9)

Table 2. Blood pressure pattern of the study population

(n=70)
Blood pressure . Boys Girls (%)
High normal BP*
SBP 2 2 6
DBP 1 4 7
Hypertension
SBP 5 3 11
DBP 0 3

* Average systolic or diastolic BP = 90" and < 95" percentile for
age and gender
SBP=systolic blood pressure, and DPB =diastolic blood pressure

Table 3. Profile of abnormal glucose homeostasis of the

study population
Boys Girls (%)

HOMA-IR n=63

(Q4>2.51) 9 7 25
FBS n=63

(=100 mg/dl) 0 3 5
OGTT n=47

(2hr> 140 mg/dl) 1 3 9
T2DM 1 2
Abnormal glucose

homeostasis n=63 9 8 27

children (21%) had MetS out of the 63 in whom all cri-
teria were assessed. Sixty had ultrasonography of whom
11 (18%) had evidence of NASH (Table 5).

When evaluating the association of FM with indica-
tors of obesity, we found that the correlation of the % FM
was greater with the BMI (r=0.80; p<0.001) than with
the WC (r=0.56; p<0.001). We then looked at the relation-
ship of the WC, BMI and WHR with the different compo-
nents of the MetS (Table 6). WC showed a statistically
significant association with the metabolic derangements,
and both SBP and DBP were significantly associated with
all 3 indicators of obesity.

Table 4. Components of the metabolic syndrome in the
study population

Bovys Girls (%)

wC

(> 98" percentile) 40 30 100
TGn=70

(>95" percentile) 18 9 39
HDL n=70

(< 5" percentile) 1 1 3
HBP n=70

(= 95" percentile)
SBP 5 3 11
DBP 0 3
Abnormal glucose

homeostasis n=63 9 8 74
Metabolic syndrome

n=63 5 8 21

Table 5. Liver involvement in the study population (n=60)

Boys Girls (“6)

Liver score
1-3 18 12 50
4-6 — P —
7-9 - — S
ALT (>40 w/1)* 12 3 25
NASH 9 2 18

*Upper limit of normal for the reference laboratory

Table 6. Association of obesity indicators with metabolic
derangements

TG SBP DBP HOMA-IR

wC r=0.24 r=0.58 r=0.48 r=0.32
p=0.04 p<0.001 p<0.001 p=0.01

BMI  r=022  r=041 r=0.28 r=0.21
p=007  p<0.001  p=0.02 p=0.09

WHR r=0.1 r=0.28 r=0.25 r=-0.09
p=043  p=0.02 p=0.03 p=0.49
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Discussion

Recent evidence from affluent countries of the
world has shown that the metabolic derangements asso-
ciated with obesity are prevalent among obese children
and increases with worsening obesity [2]. Under nutri-
tion was the main form of malnutrition seen in Sri Lanka
in the past. But recently due to various factors, obesity as
a form of malnutrition is becoming increasingly prevalent.

Although MetS has been defined in adults [4] there
is no definition of the syndrome described in children.
Therefore we used a modification to the IDF 2004
guidelines [4] to define childhood MetS. A significant
HOMA-IR indicating insulin resistance was seen in 16
out of 63 (25%) children. Acanthosis nigricans, which is
an early manifestation of insulin resistance, was seen in
58 (82.9%). We believe this would be a useful clinical sign
for early detection of insulin resistance to initiate appro-
priate intervention in obese children.

Abdominal obesity is the form of obesity most
strongly associated with the MetS and has a more signif-
icant correlation with the individual components of the
syndrome than an increased BMI [16]. In our study, the
association of the WHR with the metabolic derangements
was not significant whereas the WC, which can be easily
measured in a child, showed a significant association with
increased triglyceride levels, hypertension and insulin
resistance (Table 6). According to the modified IDF defi-
nition we identified MetS in 21% of children in our study.
Higher rates have been reported from more affluent coun-
tries where approximately one third of obese children
have been reported as having MetS [2,3].

Fatty infiltration of the liver encompasses a spectrum
of disorders [17]. Initially, non-alcoholic fatty liver disease
(NAFLD) is the stage when fatty infiltration of the liver
exceeds 5-10% by weight. This progresses to fatty liver
or hepatic steatosis without liver injury, which in turn
leads to NASH ultimately resulting in cirrhosis. We did
not perform liver biopsies on our patients. In the absence
of a biopsy, which is the gold standard for demonstrating
fatty infiltration, we used ultrasonography which has been
shown to correlate well with histological evidence of fatty
infiltration, to document the degree of liver involvement
[8]. Hepatic steatosis was seen in 50% and NASH in 18%
of our children which is much less than the 77% and
24% respectively reported from China [8].

Although less than from regional and western coun-
tries, the finding of MetS in 21% and NASH in 18% of
young obese children is very disturbing. Seeds of adult
illness are sown in childhood and childhood illnesses track
in to adulthood [2,3]. Insulin resistance and the metabolic
derangements will reverse with proper dietary manage-
ment and life style modifications. Therefore, unless ade-
quate measures are taken urgently to address the problem
of obesity in children, cardiovascular disease and type
2 diabetes mellitus occurring as complications of MetS
[2,16], will be diseases of the adolescent and young adult
in the not too distant future in Sri Lanka.
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Conclusions

In this preliminary study we have found that serious
metabolic consequences of obesity are seen in Sri Lankan
children. The presence of acanthosis nigricans is a useful
early indicator of insulin resistance. The WC is a more
reliable indicator than the BMI, of markers of metabolic
derangements that were evaluated in this study.

We believe that the WC and presence of acanthosis
nigricans could be effectively used for screening over-
weight and obese children for early identification of
potentially serious metabolic abnormalities.
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Effects of the medical liability system in
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National Health System's expenditure for clinical negligence have been similar, growing
from UK £ 242 million in 1998-99 (2002 £) to UK £ 446 million in 2001-02 (up-to-date
data for England alone is available from the National Health System Litigation Authority).
In response, the governments of all three countries have comm:ssnoned or undertaken

studies of the dilemma.
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