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INSULIN SENSITIVITY

Summary: Rising prevalence of childhood obesity is accompanied by 
the increased risk of associated metabolic complications and other co-
morbidities. Nevertheless, a distinct subgroup of the obese appear to 
have a normal metabolic phenotype, and these individuals are referred to 
as the metabolically healthy obese. Prevalence of metabolically healthy 
individuals within the population of the obese is estimated up to 44%. 
Metabolically healthy obese are at lesser risk for impaired glucose regu-
lation, dyslipidemia, non-alcoholic fatty liver disease and hypertension, 
and the preserved insulin sensitivity is the most frequently used criterion 
in identifi cation of these individuals. Results of the research conducted in 
Institute for Mother and Child Health Care of Serbia “Dr Vukan Čupić” 
indicate that a subgroup with low prevalence of metabolic complications 
of obesity is also present within population of obese children and adoles-
cents in Serbia. A signifi cant association of preserved insulin sensitivity 
with favorable metabolic phenotype is also supported by the results. 
Known data suggest the need for a different approach in the treatment 
of obesity in the subpopulation of the metabolically healthy obese. Due 
to differences in terms of complications and treatment, these individuals 
should also be regarded as a separate entity in further research.
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Introduction
Worldwide increase in the prevalence of obesity in children and adolescents is 

one of the most signifi cant public health problems (1). It is estimated that between 
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110 million and 150 million children and adolescents are overweight or obese, and 
the rising prevalence of childhood obesity is associated with the increased morbidity 
and mortality due to metabolic, cardiovascular and other non-communicable diseases 
(1-4).

The prevalence of the childhood obesity varies widely in different regions, being 
lower than 10% in certain parts of Asia and Africa, while in a number of European 
and American countries the prevalence of obesity in youth is signifi cantly higher than 
20% (1, 5). According to the results of the “Study of population health in Serbia” 
performed in 2006. 18% of children and adolescents aged 7-19 years were overweight, 
with one third of these being obese (6). Along with the established high prevalence of 
overweight, a rise in the prevalence of childhood obesity is observed in many countries 
(4). During the past two decades there has been a triple increase in the prevalence of 
obesity in Europe, and the yearly increase in prevalence of overweight and obesity 
in children and adolescents resembles an epidemic of signifi cant impact in the areas 
of healthcare and economics, with long term consequences in future generations of 
adults (1).

Rise in the prevalence of obesity, more often described as a worldwide pandemic 
is followed by an increased occurrence of endocrine, metabolic, cardiovascular and 
other co-morbidities. The association of abdominal adiposity, dyslipidemia, impaired 
glucose tolerance and hypertension as well known risk factors for cardiovascular di-
seases, once known as “insulin resistance syndrome”, now as “metabolic syndrome”, 
along with type 2 diabetes represents one of the most signifi cant complication of 
obesity (7, 8). Nearly quarter of the entire adult population has metabolic syndrome, 
and its prevalence in the population of children and adolescents is increasing along 
with the pandemic of childhood obesity, which plays a dominant role in the patho-
genesis of this syndrome (8-10). Results of recent research indicate that nearly 50% 
of the obese youth has one or more components of the metabolic syndrome, and that 
the prevalence of cardiovascular risk factors is in direct proportion with the degree 
of overweight or obesity (11). 

The incidence of myocardial infarction or stroke is two to three times higher 
in individuals with the metabolic syndrome, and their risk for type 2 diabetes is as 
much as fi ve times higher compared to the rest of the population (8). Recent research 
suggests that atherosclerosis begins in childhood and that it’s directly associated with 
overweight and metabolic syndrome in the population of children and adolescents 
(12). Several autopsy studies confi rmed fi ndings of fatty streaks and fi brous plaques 
in aorta and coronary arteries of obese adolescents (12, 13), which provides a better 
insight into the research results showing that the presence of metabolic syndrome 
components in the population of children and adolescents increases the incidence of 
both fatal and non-fatal cardiovascular events in the adulthood (14).

Along with the epidemic of childhood obesity, an increase in the metabolic 
complications like hypertension, dyslipidemia and type 2 diabetes is observed in 
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the population of children and adolescents. Nevertheless, it has been observed that 
not all obese children, as well as the obese adults, develop metabolic syndrome and 
other metabolic complications of the obesity, in other words a certain number of 
the obese have a normal metabolic phenotype (15, 16). This subgroup of the obese, 
know described in literature as the “metabolically healthy obese”, despite being obese 
have preserved insulin sensitivity, normal blood pressure and glucose regulation, and 
they are less prone to dyslipidemia, nonalcoholic fatty liver disease, infl ammatory 
and immunological disturbances (16-19). Although most of the known data on me-
tabolically healthy obese phenomenon is derived from the research conducted in the 
adult population, this favorable metabolic phenotype has also been confi rmed in the 
population of the obese children and adolescents (20).

Characteristics of metabolically healthy obese children

Prevalence of metabolically healthy obese individuals in the obese population 
varies in the results of different studies, mainly because of differences in used criteria 
for defi ning this subgroup. Even though the concept of the metabolically healthy is 
long known, no consensus on the defi nition or the criteria used for identifi cation of 
these individuals has yet been established (21). While the most frequently used crite-
rion is preserved insulin sensitivity, some studies defi ned metabolically healthy obese 
by the presence of none, or less than a specifi ed number of most frequent metabolic 
complications of obesity, like hypertension, high triglycerides, low HDL choleste-
rol levels or metabolic syndrome (22, 23). Depending on which criteria was used, 
the prevalence of metabolically healthy within the population of the obese adults is 
established up to 44%, and a higher prevalence of metabolically healthy obese has 
also been discovered in Caucasians in comparison to other ethnic subpopulations 
which are more prone to insulin resistance and other metabolic complications of the 
obesity (23, 24). To date, there are no available data based on research in substantial 
groups of obese children and adolescents. Results of the study performed in a group 
of 40 obese children and adolescents with normal glucose regulation established a 
prevalence of the metabolically healthy obese of 35%, defi ned by preserved insulin 
sensitivity (20).

Besides preserved insulin sensitivity as the most frequently used criterion in iden-
tifying metabolically healthy obese, a number of clinical and metabolic characteristics 
distinguishes this subgroup from the rest of the obese. Visceral adiposity, especially 
accumulation of fat in the liver of the obese is a signifi cant risk factor for insulin 
resistance and other metabolic complications of obesity (25). Different distribution 
of overweight has been observed in metabolically healthy individuals and research 
shows that these individuals can even have 54% less visceral adipose stores compared 
to the rest of the obese (26). Metabolically healthy obese also have lower values of 
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120-minute glucose levels during oral glucose tolerance test and lower HbA1c levels 
(27). Several studies discovered lower levels of triglycerides, LDL cholesterol and 
transaminases, lower blood pressure and higher HDL cholesterol in the metabolically 
healthy obese compared to other obese subjects (22, 27). Also, in metabolically heal-
thy obese individuals, C-reactive protein and interleukin 6 concentrations were lower 
compared to the rest of the obese (22, 28).

It has yet to be determined why some of the obese develop co-morbidities of 
obesity while some remain metabolically healthy. However, several factors associated 
with higher probability of a person being obese but metabolically healthy have been 
identifi ed. Larger birth weight and earlier onset of obesity in childhood are strongly 
associated with the preserved insulin sensitivity (29, 30). It is presumed that in insulin 
sensitive individuals excess caloric intake results in earlier onset of obesity, while 
this weight gain is buffered by the insulin resistance in those with impaired insulin 
sensitivity. This explains why insulin resistant individuals, who are more prone to the 
metabolic complications of obesity later in life, become obese after a longer period of 
increased caloric intake (31). This explanation would also imply that the later onset 
of obesity is not responsible for the higher prevalence of the metabolic complications 
of obesity, but an early consequence of insulin resistance which is thought to play a 
central role in the unfavorable metabolic phenotype of the obese. 

Characteristics of metabolically healthy obese children 
and adolescents in Serbia

To date there were no available data regarding the subgroup of metabolically 
healthy obese children and adolescents in Serbia, which is why a study was conducted 
in the Mother and Child Health Care Institute of Serbia “Dr Vukan Čupić” in Belgrade. 
Study was performed during 2011-2012. in a group of 248 obese children and adoles-
cents (150 girls and 98 boys) aged 5.9 – 18.9 years. Main inclusion criterion was body 
mass index value ≥ 95. percentile for the appropriate age and gender, and children 
with genetic syndromes and other causes of secondary obesity were excluded from 
the study. Study goal was to analyze the differences in the occurrence of metabolic 
disturbances in obese children with preserved insulin sensitivity compared to those 
with insulin resistance. Acquired data included demographics, anthropometric and 
other clinical exam data, while laboratory analyses included the oral glucose tolerance 
test with glucose and insulin levels, serum transaminases, triglycerides, HDL, LDL 
and total cholesterol levels.

Homeostatic model assessment of insulin resistance (HOMA IR) index values 
were calculated for all subjects (fasting glucose (mmol/l) x fasting insulin (mIJ/l) / 
22.5), and all subjects were divided into quartiles sorted by rising values of HOMA 
IR. First quartile consisted of insulin sensitive children, all of which had HOMA IR 



41METABOLIC PHENOTYPE IN OBESE CHILDREN AND ADOLESCENTS WITH PRESERVED...

values ≤ 2.75 (n = 62), while the fourth quartile consisted of children with marked 
insulin resistance (HOMA IR ≥ 6,16). These two groups representing the extremes 
of insulin sensitivity were compared by means of parametric and non-parametric 
statistical tests in regards to the metabolic complications of obesity.

The group of obese insulin sensitive (IS group) and insulin resistant (IR group) 
children and adolescents were similar in terms of age, gender and the degree of obe-
sity. Statistically signifi cant difference was observed regarding pubertal development, 
with larger proportion of the IS subjects in prepubertal stage (29.0%) compared to 
the children and adolescents from the IR group (9.7%). Children in the IS group had 
lower prevalence of impaired fasting glucose (1.6%) compared to IR subjects (21.0%) 
(p<0.01), and lower prevalence of impaired glucose tolerance (4.8% compared to 
22.6%, p<0.01). Regarding other investigated metabolic complications of obesity, 
children in the IS group had signifi cantly lower levels of transaminases, triglycerides, 
LDL and total cholesterol and higher HDL cholesterol levels (Table 1).

Table 1: Clinical and metabolic characteristics of insulin sensitive and insulin resistant 
obese children and adolescents

IS group IR group p
BMI (SDS)1 3.1 ± 1.2 3.3 ± 1.1 NS2

Prepubertal stage (n) 18 (29.0%) 6 (9.7%) 0.01
Systolic blood pressure (percentile) 72.3 ± 28.6 82.3 ± 24.5 0.04
Impaired fasting glucose (n) 1 (1.6%) 13 (21.0%) < 0.01
Impaired glucose tolerance (n) 3 (4.8%) 14 (22.6%) < 0.01
Triglycerides (mmol/l) 1.10 ± 0.71 1.60 ± 0.68 < 0.01
Total cholesterol (mmol/l) 4.05 ± 1.18 4.49 ± 0.97 0.03
HDL cholesterol (mmol/l) 1.12 ± 0.27 0.91 ± 0.28 < 0.01
LDL cholesterol (mmol/l) 2.58 ± 0.73 3.02 ± 0.86 0.02
AST (IJ/l) 23.00 ± 13.18 29.39 ± 26.08 0.04
ALT (IJ/l) 25.70 ± 22.26 44.31 ± 48.30 < 0.01
1 Body mass index expressed by standard deviation score
2 p > 0.05

Conclusion

Results of the performed study suggest that a subgroup characterized by low 
occurrence of metabolic complications of the obesity exists within a population of 
obese children and adolescents in Serbia. A signifi cant association of favorable meta-
bolic phenotype with preserved insulin sensitivity was also established. These results 
do not suggest that there is no need for weight reduction in these obese individuals, 
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because even though they are less prone to metabolic complications of obesity, meta-
bolically healthy obese have a shortened life expectancy compared to normal weight 
individuals (32). Clinical signifi cance of identifying metabolically healthy obese 
could be questioned, having in mind that despite lower prevalence of type 2 diabetes 
and other metabolic co-morbidities, mortality of these individuals is similar to mor-
tality in the rest of obese population, which alone establishes the need to reduce the 
excess weight, as in all other obese. In metabolically healthy obese, different results 
in treatment modalities was observed, including the superior therapeutic effect of the 
physical activity compared to other obese individuals. Also, in the study researching 
the infl uence of hypocaloric diet on the metabolic profi le of the metabolically healthy 
obese, a decrease in insulin sensitivity was observed after six months, unlike in other 
obese subjects which developed an increase in insulin sensitivity (33). 

These fi ndings emphasize the need for further research, in which the metabolically 
healthy obese subjects should be regarded as a distinct entity in order to evaluate the best 
treatment strategies for this group of the obese. Also, further research directed towards 
defi ning the protective factors keeping these individuals metabolically unaffected by 
obesity are necessary in order to gain more insight into pathogenetic processes surro-
unding the development of metabolic syndrome and other complications of obesity.
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