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Chapter 8

Conclusions and perspectives on
diagnosis and treatment of obese
children with insulin resistance






Summary and conclusions

Summary and conclusions

Introduction and background

Last decades, the prevalence of childhood obesity is rising, with rates up to 17.4% in
the U.S. [1]. In the Netherlands, the prevalence of childhood obesity varied in 2010
from 1.8% in native boys to 8.4% in boys of Turkish descent [2]. For children standard
deviation scores (SDS), z-scores, or percentiles are used to the define overweight and
obesity [3-5]. Cut-off values used in the Netherlands are BMI-SDS > 1.1 (BMI > p85) for
overweight and BMI-SDS > 2.3 (BMI > p95) for obesity [6].

Childhood obesity is a strong predictor for obesity in adulthood. Odds ratios for
obese children to become obese adults varied from OR 1.3 for obese children aged 1-2
years to an OR of 22.3 for obese children aged 10-14 years [7, 8]. Besides psychologi-
cal consequences, childhood obesity has multiple somatic consequences, affecting
almost all organ tracts. Cardiovascular and metabolic consequences are common,
including hypertension, dyslipidemia, endothelial dysfunction, insulin resistance (IR)
and type 2 diabetes mellitus (T2DM) [9-11]. IR is described as an early sign in the de-
velopment of metabolic and cardiovascular consequences in obesity [12-14]. Although
insulin resistance is related to obesity, not all obese children are insulin resistant, and
not all insulin resistant children are obese [15]. However, insulin resistance levels do
increase with the level of overweight [16, 17].

Prevalence, diagnosis and follow up of children with insulin resistance

In view of the increasing incidence of obesity in children, insight into the epidemiol-
ogy of the pre-diabetic state IR seems important. In Chapter 2, a systematic review
was presented to give an overview of all population-based studies reporting on the
prevalence and incidence rates of IR in childhood [18]. Eighteen population-based
studies were identified, describing prevalence rates varying between 3.1 and 44 %.
This variation could be explained partly by different definitions for IR. The results show
that overweight and obese children had higher prevalence rates than normal weight
children. In seven out of thirteen studies reporting sex-specific results, girls seemed
to be more affected than boys. Since different definitions were used in most studies,
comparison of prevalence rates between studies was impeded. It was concluded
that consensus on the definition for IR in children is needed to allow for comparisons
between different studies.

This variation in definitions for IR was further investigated in Chapter 3. Published
definitions (methods and cut-off values) to define IR in pediatric populations were ap-
plied to a population of patients with obesity from a pediatric outpatient clinic. In 103
identified articles, 146 IR definitions were reported based on 14 different methods.
Definitions based on fasted blood samples were used 137 times, whereas oral/intra-
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venous glucose tolerance test derived methods were used 9 times. The homeostasis
model for the assessment of insulin resistance (HOMA-IR) and fasted plasma insulin
(FPI) were the most frequently used fasted methods (83 and 37 times, respectively). A
wide range in cut-off values to define IR was observed, resulting in prevalence rates
in the predefined obese pediatric population between 5.5% (FPI > 30 mU/I) and 72.3%
(Insulin sensitivity indeXyasuaa < 7.2). The findings of this study underlined the need for
a uniform definition for IR.

Currently, the recommended screening to identify children at risk for diabetes and
its precursors impaired glucose tolerance (IGT) and IR is fasted plasma glucose (FPG).
In Chapter 4, the value of FPI to calculate the HOMA-IR in addition to screening with
FPG to detect children with IR, impaired glucose tolerance or T2DM, was evaluated
[19]. For this, routinely collected data of an oral glucose tolerance test (OGTT) of 311
obese children (10.8+3.2 years) were evaluated. Screening according to the guide-
lines, using FPG with a cut-off > 5.6 mmol/l was compared to screening with FPG > 5.6
mmol/l combined with HOMA-IR (cut-off value > 3.4). Diabetes and IGT were defined
according to the American Diabetes Association (ADA) criteria [20]. Cases of IR, IGT
or T2DM identified on the basis of screening with FPG > 5.6 mmol/l, compared to
screening with FPG > 5.6 mmol/l or HOMA-IR > 3.4, were respectively four (80%) vs five
(100%) for T2DM, 7 (28%) vs 16 (64%) for IGT and 0 (0%) vs 93 (100%) for IR. In conclu-
sion, screening with FPG and FPI to calculate HOMA-IR has equal burden compared to
screening with FPG alone, and identifies all patients with diabetes, and more patients
with precursors of diabetes.

To date, the recommended screening interval for children at risk for T2DM, i.e. for
example children with overweight or obesity and IR, is 3 years. In Chapter 5, a fol-
low up study was performed in children at risk for T2DM, to evaluate weight, insulin
sensitivity, and progression to T2DM approximately 3 years after being diagnosed with
overweight/obesity and IR (measured by HOMA-IR) [21]. Out of 86 invited children, 44
(mean age 15.4 *+ 3.6 years) participated. Medical history, physical examination, and
laboratory workup were performed. While the mean BMI-SDS significantly increased
from 2.9 to 3.4, the mean HOMA-IR significantly decreased from 5.5 to 4.6 (baseline
vs follow up visit). Change in HOMA-IR was due to a decrease in mean FPI (24.1vs 211,
p=0.073). Although the increase in BMI-SDS in these children is worrisome, none of the
children at risk for T2DM developed T2DM during the screening interval of three years
proposed by the American Diabetes Association.

Treatment of obese children with insulin resistance

In the second part of this thesis, the effect of long-term treatment with metformin in
obese children with IR was presented. With the rising prevalence of childhood obesity,
and thereby of IR, the risk of complications in childhood rises as well. To prevent
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these complications, lifestyle intervention is the cornerstone in treatment. However,
long-term efficacy of lifestyle intervention is questionable [22]. As adolescents with
obesity and IR may be refractory to lifestyle intervention therapy alone [23], additional
off-label metformin therapy is often applied [24, 25]. Metformin has been shown to be
moderately effective to reduce BMI in adolescents with obesity and hyperinsulinemia
[26-32]. However, data on long-term efficacy and safety are lacking. In Chapter 6a,
the study protocol of the Metformin study was presented [33]. The primary objective
of the Metformin study was to determine the effect of adding metformin treatment to
lifestyle-intervention in reducing BMI in adolescents with obesity and IR. The Metformin
study is a multi-centre prospective study, that consists of two parts of each 18 months:
a double-blind randomized placebo-controlled trial (part 1) and an open-label follow up
study (part 2). During part 1the participants were given Metformin 1000 mg or placebo
twice daily and were offered a lifestyle intervention program over 18 months. During
part 2, no structured lifestyle intervention program was offered. All participants who
still met the criteria for the use of metformin were free to choose whether they would
use metformin in part 2. Primary endpoints were change in BMI and IR measured by
the HOMA-IR. Secondary endpoints were safety and tolerability of metformin. Other
endpoints were body fat percentage and HbA1c. In Chapter 6b, the results of part
1 of the Metformin study were presented [34]. Forty-two participants completed the
18 month-study (66% girls, median age 13 (12-15) years, BMI 30.0 (28.3-35.0) kg/m?
and HOMA-IR 4.08 (2.40-5.88)). Median ABMI at 18 months was +0.2 (-2.9-1.3) kg/
m? (metformin) versus +1.2 (-0.3-2.4) kg/m? (placebo) (p=0.015). No significant differ-
ence was observed for HOMA-IR. No serious adverse events were reported. Median
change in fat percentage was -3.1(-4.8-0.3) vs -0.8 (-3.2-1.6)% (p=0.150), in fat mass -0.2
(-5.2-21) vs +2.0 (1.2-6.4) kg (p=0.007), in fat free mass +2.0 (-0.1-4.0) vs +4.5 (1.3-11.6)
kg (p=0.047), and in AHbA1c +1.0 (-1.0-2.3) vs +3.0 (0.0-5.0) mmol/mol (p=0.020) (met-
formin vs placebo). To conclude, long-term treatment with metformin in adolescents
with obesity and IR results in stabilisation of BMI and improved body composition
compared to placebo. Its seems therefore that metformin may be useful as additional
therapy next to lifestyle intervention in adolescents with obesity and IR.

Because treatment effects reported in clinical trials may differ from the effects in
daily clinical practice, the aim of Chapter 7 is to compare the effects of metformin (in
addition to a lifestyle intervention program) on change in BMI between adolescents
with obesity treated with metformin in daily clinical practice and adolescents who
participated in the RCT (Chapter 6). For this study, all adolescents with obesity treated
off-label with metformin in our pediatric obesity outpatient clinic, with clinical follow up
of at least 18 months from start of treatment were identified. Anthropometric data (age,
height, weight, body mass index) and laboratory parameters (FPG, FPl and HbA1c)
were collected at baseline and at t=18 months. Change in BMI after 18 months was
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compared between the two groups. Nineteen patients (median age 14.3 (interquartile
range 11.7-15.7) years, BMI 31.3 (28.8-33.8) kg/m?, BMI-SDS 3.23 (3.05-3.64)) in the daily
clinical practice group were compared to 23 patients receiving metformin during the
RCT (age 13.6 (12.6-15.3) years, BMI 29.8 (28.1-34.5) kg/m?, BMI-SDS 3.0 (2.72-3.52).
Change in BMI after 18 months was -0.36 (-2.10-1.58) vs +0.22 (-2.87-1.27) kg/m? for the
two groups, respectively. In the multivariable model, the changes in BMI were not sta-
tistically significantly different (p=0.61). In these populations, treatment with metformin
in adolescents with obesity in daily clinical practice is associated with a change in BMI
similar to the change observed during metformin treatment in obese adolescents in a
RCT. This finding further supports considering metformin as an add-on therapy next to
lifestyle intervention.

Perspectives

The importance of a uniform definition for IR and how to get to a uniform
definition

In this thesis, the lack of a uniform definition for IR in children and adolescents has
become clear. As a result of this lack of uniform definition for IR, the incidence and
prevalence of IR in pediatric populations remains unclear [18]. Differences in preva-
lence rates between populations can in part be explained by the use of different
definitions. With a uniform definition for IR, it will be possible to compare prevalence
and incidence rates between populations and trends over time. In clinical practice, a
clear definition and cut-off value will help clinicians to identify children at risk for T2DM
and other cardiometabolic complications. For the follow up of children with IR, the
factors resulting in a physiological increase or decrease of insulin concentration, such
as age and pubertal stage, have to be taken into account in the definition and cut-off
value for use in the follow up in clinical practice.

Although IR is an important risk factor for T2DM and cardiometabolic complications
[11, 14]., other risk factors should not be ignored. In most patients a combination of risk
factors results in the development of T2DM or other complications. These risk factors
are combined in the metabolic syndrome, also called insulin resistance syndrome or
syndrome X. For the metabolic syndrome however, there is no consensus on the best
definition for the use in pediatric populations either [35, 36]. At least six definitions for
the metabolic syndrome in pediatric patients have been reported [36-41]. These defini-
tions all include criteria for overweight, blood pressure and blood lipids, with various
cut-off values. The criterion on blood glucose and/or insulin varies: four definitions
include impaired fasted glucose (with different cut-off points in each definition) [37, 38,
40, 41]; the other two definitions include impaired fasted glucose (with different cut-off
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points in each definition), hyperinsulinemia or increased HOMA-IR as criterion [36, 39].
A uniform definition for IR could be applied in these definitions combining the most

important risk factors for cardiometabolic complications.

Towards a uniform definition for IR in children

A uniform definition for IR in children should meet certain criteria to be of use in daily
clinical practice. First, it should be accurate. The gold standard is the euglycemic-
hyperinsulinemic clamp study [42]. However, this clamp study is not suitable for daily
clinical practice because of the invasive, time consuming character and high burden
for the patients. Many surrogate measures have been developed and compared to
the euglycemic-hyperinsulinemic clamp study [43-45]. The correlations of measures
based on the OGTT are comparable to the measures based on fasted samples [43,
46, 47]. However, the surrogate measures based on fasted samples have lower bur-
den than OGTT-based measures, which is preferable for use in daily clinical practice.
The most frequently studied fasted measures in pediatric populations, i.e. HOMA-IR,
QUICKI and FPI, have moderate to strong correlations with IR assessed with the
euglycemic-hyperinsulinemic clamp, respectively 0.51-0.81, 0.43-0.91 and 0.48-0.92
[46-51]. Therefore, this criterion does not distinguish in which method would be the
best to use. To minimize the burden for the patients as much as possible, preferably
fingertip capillary blood testing should be used. However, the accordance between
insulin measured from capillary blood and blood from an antecubital venous puncture
was poor (coefficient of variation 36.0%) [52].

A second criterion is the reproducibility of the test. Data available from adult studies
showed a coefficient of variation (CV) for HOMA-IR of 11.8% (7.8-11.9), for QUICKI 1.8%
(1.1 = 2.9) and for FPI1 13.4% (8.8 — 21.9) [53]. The low CV reported for the QUICKI was
however debated by Antuna et al. because this measure is composed of log trans-
formed values of FPG and FPI [54]. When the CV of log transformed HOMA-IR values
are compared to the CV of the QUICKI, similar, low CV’s were found for both measures.
Since all of these formulas are based on the same measurements of glucose and
insulin, the CV is not discriminating between HOMA-IR and QUICKI either.

In summary, the three surrogate measures for IR based on fasted samples are com-
parable to each other, with equal burden for the patients.

Factors influencing the insulin concentration, such as age, pubertal stage [55-57],
ethnicity [58, 59], and gender [60] have to be considered when defining cut-off values
for IR in children. The available (population based) studies present percentiles for FPI
and HOMA-IR levels for gender and age [36, 61-66]; and percentiles for HOMA-IR and
QUICKI by Tanner stage and by Tanner stage and gender [67]. None of these studies
differentiated between ethnic groups, and most studies included participants of only
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one ethnicity. In a study by Chiu et al, it was found that ethnicity was an independent
factor influencing the insulin sensitivity indices [58].

To produce age, pubertal stage, ethnicity and gender specific reference values for
FPI, HOMA-IR and QUICKI the data of the performed studies could be used, comple-
mented with data from additional new studies. The available large populations based
studies are predominantly performed in Caucasian children. These studies provide
data for HOMA-IR and FPI in European, mainly Caucasian children aged 3-10.9 years
(n=7074 children) [36, 66]; for FPI in European children aged 7-20 years (n=1976) [63];
and for FPI and HOMA-IR in Caucasian children 9-16 years (n=2244) [65]. Two large
population based studies in children from different ethnicities have been performed:
one study in Mexican-American children aged 6-18 years (n=3701) providing values for
HOMA-IR [61]; and a study by Yi et al. performed in Asian children aged 10-20 years
(n=2716), providing data for FPI and HOMA-IR [64]. Additional data for Tanner stage
and other ethnicities are required, as well as values for Asian children under the age of
10. Based on the values for FPI, HOMA-IR and QUICKI from these large studies, cut-off
values could be defined. As cut-off values, the 95™ percentile or a SD-score of 2 for
gender, age or pubertal stage and ethnicity could be used.

Since there seems to be no advantage for the use of FPl above HOMA-IR or QUICKI,
the clinician could use the measure he or she prefers, in combination with age, gender,
pubertal stage and ethnicity specific cut-off values. For the comparison of prevalence
rates and incidence rates, the use of one measurement is preferred. In our studies we
used the HOMA-IR, since this was to our opinion the most frequently used, well-known
measure in pediatrics. Furthermore, the calculation for HOMA-IR is easier than QUICKI
to perform.

Preventive interventions in children with obesity at risk for
cardiometabolic complications
Screening and follow up of obese children at risk for T2DM was discussed in chapter
4 and 5. The current ADA recommendations apply to children with overweight or
obesity and additional risk factors for T2DM [20]. No specific recommendations are
available for children with overweight or obesity without additional risk factors [20,
68]. On the basis of screening for risk factors and complications, children with obesity
are classified with mild, moderate, high or very high risk of complications. The Dutch
guideline ‘Diagnosis and treatment of obesity in adults and children’ differentiates in
their treatment recommendations based on this ‘weight-related health risk’ (‘Gewich-
tsgerelateerd Gezondheidsrisico’) [68]. Children at higher risk, should receive a more
intensive lifestyle intervention program.

There have been many studies assessing the effect of lifestyle intervention programs
in overweight and obese children [22, 69-73]. Only a few studies compared the effects
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of these programs between children with different degrees of overweight or obesity.
A study by Rijks et al. showed that the effects of a lifestyle intervention program,
with a follow up of 24 months, were similar in overweight, obese and morbidly obese
children with respect to change in BMI z-score. After 12 months, cardiovascular risk
factors such as blood pressure, cholesterol, FPG and HbA1c improved equally in all
groups [74]. In contrast to this, Knop et al. described more effects in extremely obese
children (<10 years) compared to obese children. For adolescents (> 10 years), the
obese group had a better result of lifestyle intervention than extremely obese group
[75]. In large prospective studies, the risk of T2DM and cardiovascular risk factors in
adulthood was similar for both normal weight adults who were overweight or obese
during childhood, and adults who had normal weight during childhood [76].

In view of this, the question is, whether we should focus on obese children with addi-
tional risk factors only, or consider overweight and obese children without risk factors
as well, with respect to screening, follow up and preventive lifestyle interventions. In
our study on screening obese children for T2DM, described in chapter 4, we excluded
children with overweight [19]. In chapter 5, where the follow up of children at risk for
T2DM was described, overweight and obese children were included [21]. Children with
overweight had lower levels of HOMA-IR, compared to children with obesity (HOMA-IR
3.3 vs 4.8, respectively). However, the mean HOMA-IR of 3.3 was only slightly below
the threshold of 3.4 used as cut-off value. Since the consequences of childhood over-
weight and obesity seem reversible provided normal weight is achieved in adulthood
[76], lifestyle intervention should in our opinion be offered to all overweight and obese
children. Children with overweight have risk factors for complications as described
in different studies [77-80]. An economic evaluation of interventions for childhood
obesity showed that for both overweight and obese children, lifestyle interventions
are potentially cost effective on the long-term [81]. To improve the (long-term) effects
of lifestyle intervention, use of e-health, web-based interventions and the use of
smartphones should be further investigated. The currently available studies on the
use of these technologies showed improved compliance and response, and lower
dropout rates [82-84]. As mentioned in the general introduction, parental motivation
is important as well. A combination of parent-only interventions and web-based or
smartphone support could be an interesting field for future research to improve the
effect of lifestyle interventions.

To conclude, both children with overweight and obesity have risk factors for cardio-
metabolic complications. Current guidelines apply to children with obesity only. Since
the long-term risk of complications for both overweight and obese children is revers-
ible provided they become normal weight adults, screening and preventive treatment
of overweight children should be considered. Consequently, lifestyle interventions
should be offered to both overweight and obese children.
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The use of metformin in addition to lifestyle intervention in children with
obesity

In the chapters 6 and 7 of this thesis, the effects of metformin in the treatment of chil-
dren with obesity were described. It was found that metformin over 18 months resulted
in a stabilization of BMI, whereas the participants receiving placebo continued gaining
weight. Moreover, children with obesity treated in daily practice with metformin had
similar results regarding the stabilization of BMI. The effects of metformin on change
in BMI has been studied in many short-term trials, which have been analyzed in two
meta-analyses, reporting a reduction in mean BMI of -1.42 ((95%Cl -2.02 - -0.83) kg/
m? (based on 5 studies) [26] and -1.38 (95%CI -1.93- -0.82) kg/m? (based on 8 studies)
[85]. Long-term data are limited to a study of 48 weeks (mean ABMI -0.9(+0.5) kg/m?
(metformin) versus +0.2(+0.5) kg/m? (placebo), p=0.03) [86], and our RCT of 18 months
(median ABMI +0.2 (-2.9-1.3) kg/m? (metformin) versus +1.2 (-0.3-2.4) kg/m? (placebo)
p=0.015) [34]. Regarding side-effects, especially gastro-intestinal side-effects are com-
mon, with up to 74% of the participants reporting nausea and 61% reporting diarrhoea
in our study. Vitamin B12 deficiency occurred in 13%. In most cases, the gastro-intestinal
side-effects are self-limiting; in 6% of cases, side effects resulted in treatment cessa-
tion [34]. Based on this evidence, globally there are three scenarios for the future use
of metformin in the treatment of children of obesity. These scenarios will be discussed
here, and the arguments are listed in table 1.

Table 1. Scenarios for future use of metformin in children with obesity

Pro Contra

Scenario 1:
No use of metformin in
obese children

- No risk of side effects, vitamin B12
deficiency or ketoacidosis

- No exposure to a therapy of which
the mechanism is partially unknown
- No overtreatment / unnecessary
use of medication

- No opportunity to benefit from effects
of metformin on BMI [27-32, 88-90)

Scenario 2:

Metformin to be used

in all obese children if 1
year lifestyle intervention
fails

Scenario 3:

Metformin in a select
population of children
with obesity and IR,
hyperinsulinemia or other
risk factors

- Equal treatment for obese children
who do not benefit from lifestyle
intervention alone

- Potential benefit against limited
burden of side effects

- Available evidence applicable on
this population

- Effect on BMI (short-term and long-
term) and IR (short-term)

- Evidence for effectivity of metformin
mainly in children with obesity and IR or
other risk factors [27-32, 88-90)

- Side effects and vitamin B12 deficiency,
ketoacidosis

- Side effects and vitamin B12 deficiency,
ketoacidosis

- Mechanism unknown

- Effects of prolonged use (>18 months)
unknown
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In the first scenario, metformin is not used for the treatment of children with obesity. As
a benefit of this scenario there is no risk of adverse events, such as gastro-intestinal
complaints, vitamin B12 deficiency and (the scarcely occurring complication) keto-
acidosis. Furthermore, children and adolescents are not exposed to a therapy with
possible side-effects. It is suggested that metformin results in weight loss because of
multilevel influence on the neuropeptides regulating appetite, and thereby reducing
food intake [87]. However, weight loss during metformin therapy might also be due to
side-effects, since patients with nausea and/or diarrhea have reduced caloric intake
because of these side-effects. As such, it is debatable whether the use of metformin is
justified given the relatively small reduction in BMI that is obtained.

On the other hand, in view of the broad spectrum of complications due to child-
hood obesity every small improvement in BMI could be helpful in reducing the risk of
complications. Compared to invasive surgical options the complications of metformin
are mild and mostly self-limiting and the burden of treatment is relatively low.

As a second scenario, metformin therapy can be initiated in all obese children, for in-
stance in case lifestyle intervention during 1 year does not result in an improvement in
BMI. Metformin would be offered to all children with obesity, with or without additional
risk factors. It is unknown how motivation for lifestyle intervention is influenced by the
availability of pharmacological interventions. In this scenario, all children with obesity
have equal chances to benefit from the effect of metformin, against the burden of pos-
sible mild side-effects of metformin. Since most studies on the efficacy of metformin
to achieve weight loss included patients with obesity and insulin resistance or other
additional risk factors, the evidence use of metformin in children with obesity without
any other risk factor is scarce [27-32, 88-90]. In the only study that did not require
insulin resistance or other additional risk factors, mean baseline levels for HOMA-IR
were 3.8+2.8 in the metformin group and 5.0+3.5 in the placebo group [86]. Based
on these values the majority of the participants in this study can be thought to suffer
from insulin resistance, and the results of this study cannot be interpreted as if the
participants have obesity without any additional risk factor.

In the third scenario, metformin is prescribed to a select population of children with
obesity and IR, hyperinsulinemia or other risk factors. These risk factors could be eth-
nicity, a family history of T2DM, or a family history of premature cardiovascular events.
As described in the second scenario, most studies regarding the effect of metformin
in obesity included children with obesity and IR or hyperinsulinemia. The before men-
tioned evidence on the (long term) use of metformin with respect to change in BMI is
applicable to this population. For this group, the additional risk factors for the develop-
ment of T2DM or other complications could justify the risk of gastro-intestinal side
effects, vitamin B12 deficiency or ketoacidosis. Moreover, besides the effect on BMI,
short-term studies on the use of metformin show an improvement in insulin resistance
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as well [27, 28, 32, 42, 88]. This finding was however not confirmed in the 48-weeks
study by Wilson et al. nor in our 18 months study [34, 86].

The question is whether metformin should also be given to children under the age of
10 years with obesity and IR, hyperinsulinemia or other risk factors. For these younger
children the evidence is limited. Three studies included children < 10 years [27, 29,
32], but in 2 of them the mean age was comparable to studies including children
aged 10 years and above. Only the study by Yanovski et al. included relatively young
participants (6-12 years) with a mean age of 10.1 (+1.6) years for the metformin group
and 10.4 (+1.4) years for the placebo group. Changes in BMI over 6 months were -0.78
(95%ClI -1.54 - -0.01)kg/m? vs +0.32 (-0.54 — 118) and in BMI-SDS (-0.11 (-0.16 - -0.05)
vs -0.04 (-0.1 — 0.02) for the metformin and placebo groups, respectively [32]. These
results are comparable to other studies with 6 months follow up in older children.
No studies with longer treatment duration in children under the age of ten years are
available. Future research could focus on these younger children with obesity and IR,
hyperinsulinemia or other risk factors.

Although metformin has beneficial effects there are some disadvantages, for example
the above mentioned side-effects. Furthermore, data on the effects of prolonged use
of metformin (>18 months) are not yet available, and it is therefore not clear whether
treatment with metformin should stop after 18 months or be continued. In the second
part of our RCT (chapter 6), follow up data of the participants are collected [33]. In the
first 18-month part of our study, the effect seemed to fade out during the treatment
(Figure 1). The results of the follow up study are therefore important to provide data on
the effect of prolonged treatment with metformin (up to 36 months).

p 0.015
1

(O]
1

Change in BMI (kg/mz)
o

'
]
1

0 3 6 9 12 15 18
Time (months)

Figure 1. Effect of metformin on ABMI over 18 months
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In conclusion, whether metformin should be applied in childhood obesity is open for
discussion. Since metformin is safe with acceptable burden for the patients, we think
it should be considered in pediatric patients with obesity and IR, hyperinsulinemia or
other risk factors. It remains debatable whether metformin should be started when
lifestyle intervention alone has failed or as a first step combined with lifestyle interven-
tion. Another group of interest are children under the age of 10 years.

In this thesis, we aimed to study the epidemiology of IR, the screening and follow up
of obese children at risk for T2DM, and the effect of metformin treatment in children
with obesity and IR.

Prevalence rates for IR reported by population-based studies vary from 3.1 up to
44%. A comparison between these studies was not possible, since all studies used
different definitions for IR. This difference in definitions was visualized by calcula-
tion of the prevalence rate of IR in an outpatient population of obese children using
the reported definitions for IR. Depending on the definition, prevalence rates varied
between 5.5 and 72.3% in this population. Therefore, a uniform definition for IR is
essential to compare prevalence rates in populations. Moreover, since many factors
influence the insulin concentration, specific cut-off levels for IR for age, pubertal stage,
ethnicity and gender should be defined.

For screening on T2DM in obese children, a comparison was made between calcu-
lation of IR based on FPG and FPI with the use of HOMA-IR and on FPG alone. Screen-
ing with FPG and HOMA-IR was found to identify more children with IR and IGT, and
with T2DM, compared to screening with FPG alone. In addition, as the recommended
screening interval for children at risk of T2DM is 3 years, we performed a follow up
study of children with obesity and IR. Even though during follow up their BMI-SDS
increased, none of the children developed T2DM, leading to the conclusion that for
now a screening interval of 3 years can be considered adequate.

Finally, long-term treatment of children with obesity and IR with metformin in addi-
tion to lifestyle intervention was studied in a RCT. In children treated with metformin
for 18 months, BMI stabilized, whereas BMI increased in children receiving placebo.
Based on these results, treatment with metformin in addition to lifestyle intervention
in children with obesity and IR could be considered. This is underlined by comparing
the results of metformin treatment on BMI in the RCT to the results in adolescent with
obesity treated with metformin in daily clinical practice. These results were compa-
rable to each other. In order to further optimize the effects of a combined treatment
of metformin with life style intervention, and to obtain data on the optimal treatment
duration, long term follow up of these children is needed. For long-term follow up, the
results of the second part of our RCT have to be awaited.

197



Chapter 8

References

10.

.

12.

15.

16.

17.

18.

198

Skinner AC, Perrin EM, Skelton JA. Prevalence of obesity and severe obesity in US children,
1999-2014. Obesity (Silver Spring). 2016 May;24(5):1116-23.

Factsheet Resultaten Vijfde Landelijke Groeistudie TNO, 10 juni 2010 [Internet].; 2011 [].
Waterlow JC, Buzina R, Keller W, Lane JM, Nichaman MZ, Tanner JM. The presentation and
use of height and weight data for comparing the nutritional status of groups of children
under the age of 10 years. Bull World Health Organ. 1977;55(4):489-98.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child over-
weight and obesity worldwide: international survey. BMJ. 2000 May 6;320(7244):1240-3.
Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in
children and adolescents: international survey. BMJ. 2007 Jul 28;335(7612):194.

van der Baan-Slootweg OH. Centrumbehandeling van obesitas. Praktische Pediatrie.
2009(2):124-8.

Guo SS, Roche AF, Chumlea WC, Gardner JD, Siervogel RM. The predictive value of child-
hood body mass index values for overweight at age 35 y. Am J Clin Nutr. 1994 Apr;59(4):810-
9.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in young adult-
hood from childhood and parental obesity. N Engl J Med. 1997 09/25;337(13):869-73.
Garver WS, Newman SB, Gonzales-Pacheco DM, Castillo JJ, Jelinek D, Heidenreich RA, et al.
The genetics of childhood obesity and interaction with dietary macronutrients. Genes Nutr.
2013 May;8(3):271-87.

Daniels SR. Complications of obesity in children and adolescents. Int J Obes (Lond). 2009
Apr;33 Suppl 1:S60-5.

Moniz M, Marques T, Cabral M, Nizarali Z, Coelho R, Monteiro A, et al. Cardiovascular risk
factors and childhood obesity. Acta Med Port. 2011 Dec;24 Suppl 2:327-32.

Levy-Marchal C, Arslanian S, Cutfield W, Sinaiko A, Druet C, Marcovecchio ML, et al. Insulin
resistance in children: consensus, perspective, and future directions. J Clin Endocrinol
Metab. 2010 Dec;95(12):5189-98.

Chiarelli F, Marcovecchio ML. Insulin resistance and obesity in childhood. Eur J Endocrinol.
2008 Dec;159 Suppl 1:567-74.

Cruz ML, Shaibi GQ, Weigensberg MJ, Spruijt-Metz D, Ball GD, Goran MI. Pediatric obesity
and insulin resistance: chronic disease risk and implications for treatment and prevention
beyond body weight modification. Annu Rev Nutr. 2005;25:435-68.

Lee JM. Insulin resistance in children and adolescents. Rev Endocr Metab Disord. 2006
Sep;7(3):141-7.

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The relation of overweight to cardio-
vascular risk factors among children and adolescents: the Bogalusa Heart Study. Pediatrics.
1999 Jun;103(6 Pt 1):1175-82.

Lee JM, Okumura MJ, Davis MM, Herman WH, Gurney JG. Prevalence and determinants of
insulin resistance among U.S. adolescents: a population-based study. Diabetes Care. 2006
Nov;29(11):2427-32.

van der Aa MP, Fazeli Farsani S, Knibbe CA, de Boer A, van der Vorst MM. Population-
Based Studies on the Epidemiology of Insulin Resistance in Children. J Diabetes Res.
2015;2015:362375.



Summary and conclusions

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

van der Aa MP, Fazeli Farsani S, Kromwijk LA, de Boer A, Knibbe CA, van der Vorst MM.
How to screen obese children at risk for type 2 diabetes mellitus? Clin Pediatr (Phila). 2014
Apr;53(4):337-42.

American Diabetes Association. 2. Classification and Diagnosis of Diabetes. Diabetes Care.
2016 Jan;39 Suppl 1:513-22.

Fazeli Farsani S, van der Aa MP, Knibbe CA, de Boer A, van der Vorst MM. A Follow-up Study
on BMI-SDS and Insulin Resistance in Overweight and Obese Children at Risk for Type 2
Diabetes Mellitus. Glob Pediatr Health. 2015 Jan 19;2:2333794X14568451.

Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, O’Malley C, Stolk RP, et al. Interventions
for treating obesity in children. Cochrane Database Syst Rev. 2009 Jan 21;(1):CD001872.
doi(1):CD001872.

Chiavaroli V, Giannini C, D’Adamo E, de Giorgis T, Torello M, D’Orazio N, et al. Weight loss in
obese prepubertal children: the influence of insulin resistance. Endocr Res. 2013;38(1):48-57.
Kostev K, Richter H. Unlicensed use of metformin in children and adolescents in Germany
and France. Br J Clin Pharmacol. 2012 Feb;73(2):307-8.

Hsia Y, Dawoud D, Sutcliffe AG, Viner RM, Kinra S, Wong IC. Unlicensed use of metformin in
children and adolescents in the UK. Br J Clin Pharmacol. 2012 01;73(1):135-9.

Park MH, Kinra S, Ward KJ, White B, Viner RM. Metformin for obesity in children and adoles-
cents: a systematic review. Diabetes Care. 2009 09;32(9):1743-5.

Atabek ME, Pirgon O. Use of metformin in obese adolescents with hyperinsulinemia: a
6-month, randomized, double-blind, placebo-controlled clinical trial. J Pediatr Endocrinol
Metab. 2008 04;21(4):339-48.

Freemark M, Bursey D. The effects of metformin on body mass index and glucose tolerance
in obese adolescents with fasting hyperinsulinemia and a family history of type 2 diabetes.
Pediatrics. 2001 Apr;107(4):E55.

Kendall D, Vail A, Amin R, Barrett T, Dimitri P, lvison F, et al. Metformin in obese children and
adolescents: the MOCA trial. J Clin Endocrinol Metab. 2013 Jan;98(1):322-9.

Love-Osborne K, Sheeder J, Zeitler P. Addition of metformin to a lifestyle modification pro-
gram in adolescents with insulin resistance. J Pediatr. 2008 06;152(6):817-22.

Srinivasan S, Ambler GR, Baur LA, Garnett SP, Tepsa M, Yap F, et al. Randomized, controlled
trial of metformin for obesity and insulin resistance in children and adolescents: improvement
in body composition and fasting insulin. J Clin Endocrinol Metab. 2006 06;91(6):2074-80.
Yanovski JA, Krakoff J, Salaita CG, McDuffie JR, Kozlosky M, Sebring NG, et al. Effects of
metformin on body weight and body composition in obese insulin-resistant children: a ran-
domized clinical trial. Diabetes. 2011 02;60(2):477-85.

van der Aa MP, Elst MA, van Mil EG, Knibbe CA, van der Vorst MM. METFORMIN: an efficacy,
safety and pharmacokinetic study on the short-term and long-term use in obese children and
adolescents - study protocol of a randomized controlled study. Trials. 2014 Jun 5;15:207,6215-
15-207.

van der Aa MP, Elst MAJ, van de Garde EMW, van Mil EGAH, Knibbe CAJ, Van der Vorst
MMJ. Long-term treatment with metformin in obese, insulin resistant adolescents: results of a
randomized double blinded placebo-controlled trial. Nutr Diabetes. 2016 Aug 29;6(8):e228.
Costa RF, Santos NS, Goldraich NP, Barski TF, Andrade KS, Kruel LF. Metabolic syndrome in
obese adolescents: a comparison of three different diagnostic criteria. J Pediatr (Rio J). 2012
Jul;88(4):303-9.

199



Chapter 8

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

200

Ahrens W, Moreno LA, Marild S, Molnar D, Siani A, De Henauw S, et al. Metabolic syndrome
in young children: definitions and results of the IDEFICS study. Int J Obes (Lond). 2014 Sep;38
Suppl 2:54-14.

Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a metabolic syndrome
phenotype in adolescents: findings from the third National Health and Nutrition Examination
Survey, 1988-1994. Arch Pediatr Adolesc Med. 2003 Aug;157(8):821-7.

de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N. Prevalence of
the metabolic syndrome in American adolescents: findings from the Third National Health
and Nutrition Examination Survey. Circulation. 2004 Oct 19;110(16):2494-7.

Viner RM, Segal TY, Lichtarowicz-Krynska E, Hindmarsh P. Prevalence of the insulin resis-
tance syndrome in obesity. Arch Dis Child. 2005 Jan;90(1):10-4.

Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW, et al. Obesity and the
metabolic syndrome in children and adolescents. N Engl J Med. 2004 Jun 3;350(23):2362-
74.

Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The metabolic
syndrome in children and adolescents - an IDF consensus report. Pediatr Diabetes. 2007
Oct;8(5):299-306.

Del Prato S. Measurement of insulin resistance in vivo. Drugs. 1999;58 Suppl 1:3,6; discussion
75-82.

George L, Bacha F, Lee S, Tfayli H, Andreatta E, Arslanian S. Surrogate estimates of insulin
sensitivity in obese youth along the spectrum of glucose tolerance from normal to prediabe-
tes to diabetes. J Clin Endocrinol Metab. 2011 Jul;96(7):2136-45.

Yeckel CW, Weiss R, Dziura J, Taksali SE, Dufour S, Burgert TS, et al. Validation of insulin
sensitivity indices from oral glucose tolerance test parameters in obese children and adoles-
cents. J Clin Endocrinol Metab. 2004 Mar;89(3):1096-101.

Schwartz B, Jacobs DR,Jr, Moran A, Steinberger J, Hong CP, Sinaiko AR. Measurement of
insulin sensitivity in children: comparison between the euglycemic-hyperinsulinemic clamp
and surrogate measures. Diabetes Care. 2008 Apr;31(4):783-8.

Brown RJ, Yanovski JA. Estimation of insulin sensitivity in children: methods, measures and
controversies. Pediatr Diabetes. 2014 May;15(3):151-61.

Henderson M, Rabasa-Lhoret R, Bastard JP, Chiasson JL, Baillargeon JP, Hanley JA, et al.
Measuring insulin sensitivity in youth: How do the different indices compare with the gold-
standard method? Diabetes Metab. 2011 Feb;37(1):72-8.

Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis model assessment is
more reliable than the fasting glucose/insulin ratio and quantitative insulin sensitivity check
index for assessing insulin resistance among obese children and adolescents. Pediatrics.
2005 Apr;115(4):e500-3.

Schwartz B, Jacobs DR,Jr, Moran A, Steinberger J, Hong CP, Sinaiko AR. Measurement of
insulin sensitivity in children: comparison between the euglycemic-hyperinsulinemic clamp
and surrogate measures. Diabetes Care. 2008 Apr;31(4):783-8.

Uwaifo Gl, Fallon EM, Chin J, Elberg J, Parikh SJ, Yanovski JA. Indices of insulin action,
disposal, and secretion derived from fasting samples and clamps in normal glucose-tolerant
black and white children. Diabetes Care. 2002 Nov;25(11):2081-7.

Conwell LS, Trost SG, Brown WJ, Batch JA. Indexes of insulin resistance and secretion in
obese children and adolescents: a validation study. Diabetes Care. 2004 Feb;27(2):314-9.



Summary and conclusions

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Green BP, Gonzalez JT, Thomas K, Stevenson E, Rumbold PL. Agreement between
fingertip-capillary and antecubital-venous appetite-related peptides. Endocr Connect. 2014
Dec;3(4):233-42.

Henriquez S, Jara N, Bunout D, Hirsch S, de la Maza MP, Leiva L, et al. Variability of formulas
to assess insulin sensitivity and their association with the Matsuda index. Nutr Hosp. 2013
Sep-Oct;28(5):1594-8.

Antuna-Puente B, Faraj M, Karelis AD, Garrel D, Prud’homme D, Rabasa-Lhoret R, et al.
HOMA or QUICKI: Is it useful to test the reproducibility of formulas? Diabetes Metab. 2008
/;34(3):294-6.

d’Annunzio G, Vanelli M, Pistorio A, Minuto N, Bergamino L, Lafusco D, et al. Insulin resistance
and secretion indexes in healthy Italian children and adolescents: a multicentre study. Acta
Biomed. 2009 Apr;80(1):21-8.

Moran A, Jacobs DR,Jr, Steinberger J, Hong CP, Prineas R, Luepker R, et al. Insulin resistance
during puberty: results from clamp studies in 357 children. Diabetes. 1999 Oct;48(10):2039-
44.

Hannon TS, Janosky J, Arslanian SA. Longitudinal study of physiologic insulin resistance and
metabolic changes of puberty. Pediatr Res. 2006 Dec;60(6):759-63.

Chiu KC, Chuang LM, Yoon C. Comparison of measured and estimated indices of insulin sen-
sitivity and beta cell function: impact of ethnicity on insulin sensitivity and beta cell function in
glucose-tolerant and normotensive subjects. J Clin Endocrinol Metab. 2001 Apr;86(4):1620-
5.

Hannon TS, Bacha F, Lin Y, Arslanian SA. Hyperinsulinemia in African-American adolescents
compared with their American white peers despite similar insulin sensitivity: a reflection of
upregulated beta-cell function? Diabetes Care. 2008 Jul;31(7):1445-7.

Hirschler V, Maccallini G, Karam C, Gonzalez C, Aranda C. Are girls more insulin-resistant
than boys? Clin Biochem. 2009 Jul;42(10-11):1051-6.

Aradillas-Garcia C, Rodriguez-Moran M, Garay-Sevilla ME, Malacara JM, Rascon-Pacheco RA,
Guerrero-Romero F. Distribution of the homeostasis model assessment of insulin resistance
in Mexican children and adolescents. Eur J Endocrinol. 2012 Feb;166(2):301-6.
Koester-Weber T, Valtuena J, Breidenassel C, Beghin L, Plada M, Moreno S, et al. Reference
values for leptin, cortisol, insulin and glucose, among European adolescents and their as-
sociation with adiposity: the HELENA study. Nutr Hosp. 2014 Nov 1;30(5):1181-90.

Mellerio H, Alberti C, Druet C, Capelier F, Mercat |, Josserand E, et al. Novel modeling of
reference values of cardiovascular risk factors in children aged 7 to 20 years. Pediatrics.
2012 Apr;129(4):1020-9.

Yi KH, Hwang JS, Kim EY, Lee SH, Kim DH, Lim JS. Prevalence of insulin resistance and
cardiometabolic risk in Korean children and adolescents: a population-based study. Diabetes
Res Clin Pract. 2014 Jan;103(1):106-13.

Allard P, Delvin EE, Paradis G, Hanley JA, O’Loughlin J, Lavallee C, et al. Distribution of
fasting plasma insulin, free fatty acids, and glucose concentrations and of homeostasis
model assessment of insulin resistance in a representative sample of Quebec children and
adolescents. Clin Chem. 2003 04;49(4):644-9.

Peplies J, Jimenez-Pavon D, Savva SC, Buck C, Gunther K, Fraterman A, et al. Percentiles of
fasting serum insulin, glucose, HbAlc and HOMA-IR in pre-pubertal normal weight European
children from the IDEFICS cohort. Int J Obes (Lond). 2014 Sep;38 Suppl 2:539-47.

201



Chapter 8

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

202

d’Annunzio G, Vanelli M, Pistorio A, Minuto N, Bergamino L, Lafusco D, et al. Insulin resistance
and secretion indexes in healthy ltalian children and adolescents: a multicentre study. Acta
Biomed. 2009 Apr;80(1):21-8.

Partnerschap Overgewicht Nederland. Addendum voor kinderen bij de CBO-richtlijn ‘Diag-
nostiek en behandeling van obesitas bij volwassenen en kinderen’. 2011.

Bluher S, Petroff D, Wagner A, Warich K, Gausche R, Klemm T, et al. The one year exer-
cise and lifestyle intervention program KLAKS: Effects on anthropometric parameters,
cardiometabolic risk factors and glycemic control in childhood obesity. Metabolism. 2014
Mar;63(3):422-30.

Elizondo-Montemayor L, Gutierrez NG, Moreno DM, Martinez U, Tamargo D, Trevino M.
School-based individualised lifestyle intervention decreases obesity and the metabolic
syndrome in Mexican children. J Hum Nutr Diet. 2013 Jul;26 Suppl 1:82-9.

Huang F, Del-Rio-Navarro BE, Perez-Ontiveros JA, Ruiz-Bedolla E, Saucedo-Ramirez OJ, Vil-
lafana S, et al. Effect of six-month lifestyle intervention on adiponectin, resistin and soluble
tumor necrosis factor-alpha receptors in obese adolescents. Endocr J. 2014;61(9):921-31.
Marild S, Gronowitz E, Forsell C, Dahlgren J, Friberg P. A controlled study of lifestyle treat-
ment in primary care for children with obesity. Pediatr Obes. 2013 Jun;8(3):207-17.

Ning Y, Yang S, Evans RK, Stern M, Sun S, Francis GL, et al. Changes in body anthropometry
and composition in obese adolescents in a lifestyle intervention program. Eur J Nutr. 2014
Jun;53(4):1093-102.

Rijks JM, Plat J, Mensink RP, Dorenbos E, Buurman WA, Vreugdenhil AC. Children With Mor-
bid Obesity Benefit Equally as Children With Overweight and Obesity From an Ongoing Care
Program. J Clin Endocrinol Metab. 2015 Sep;100(9):3572-80.

Knop C, Singer V, Uysal Y, Schaefer A, Wolters B, Reinehr T. Extremely obese children re-
spond better than extremely obese adolescents to lifestyle interventions. Pediatr Obes. 2015
Feb;10(1):7-14.

Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin MA, et al. Child-
hood adiposity, adult adiposity, and cardiovascular risk factors. N Engl J Med. 2011 Nov
17;365(20):1876-85.

May AL, Kuklina EV, Yoon PW. Prevalence of cardiovascular disease risk factors among US
adolescents, 1999-2008. Pediatrics. 2012 Jun;129(6):1035-41.

Messiah SE, Arheart KL, Natale RA, Hlaing WM, Lipshultz SE, Miller TL. BMI, waist circum-
ference, and selected cardiovascular disease risk factors among preschool-age children.
Obesity (Silver Spring). 2012 Sep;20(9):1942-9.

Ostchega Y, Carroll M, Prineas RJ, McDowell MA, Louis T, Tilert T. Trends of elevated blood
pressure among children and adolescents: data from the National Health and Nutrition
Examination Survey1988-2006. Am J Hypertens. 2009 Jan;22(1):59-67.

Zhou Y, Qian Z, Vaughn MG, Boutwell BB, Yang M, Zeng XW, et al. Epidemiology of elevated
blood pressure and associated risk factors in Chinese children: the SNEC study. J Hum
Hypertens. 2016 Apr;30(4):231-6.

Hollingworth W, Hawkins J, Lawlor DA, Brown M, Marsh T, Kipping RR. Economic evaluation
of lifestyle interventions to treat overweight or obesity in children. Int J Obes (Lond). 2012
Apr;36(4):559-66.

Abraham AA, Chow WC, So HK, Yip BH, Li AM, Kumta SM, et al. Lifestyle intervention using
an internet-based curriculum with cell phone reminders for obese Chinese teens: a random-
ized controlled study. PLoS One. 2015 May 6;10(5):e0125673.



Summary and conclusions

83.

84.

85.

86.

87.

88.

89.

90.

Chaplais E, Naughton G, Thivel D, Courteix D, Greene D. Smartphone Interventions for Weight
Treatment and Behavioral Change in Pediatric Obesity: A Systematic Review. Telemed J E
Health. 2015 Oct;21(10):822-30.

Turner T, Spruijt-Metz D, Wen CK, Hingle MD. Prevention and treatment of pediatric
obesity using mobile and wireless technologies: a systematic review. Pediatr Obes. 2015
Dec;10(6):403-9.

McDonagh MS, Selph S, Ozpinar A, Foley C. Systematic review of the benefits and risks of
metformin in treating obesity in children aged 18 years and younger. JAMA Pediatr. 2014
Feb;168(2):178-84.

Wilson DM, Abrams SH, Aye T, Lee PD, Lenders C, Lustig RH, et al. Metformin extended
release treatment of adolescent obesity: a 48-week randomized, double-blind, placebo-
controlled trial with 48-week follow-up. Arch Pediatr Adolesc Med. 2010 02;164(2):116-23.
Malin SK, Kashyap SR. Effects of metformin on weight loss: potential mechanisms. Curr Opin
Endocrinol Diabetes Obes. 2014 Oct;21(5):323-9.

Burgert TS, Duran EJ, Goldberg-Gell R, Dziura J, Yeckel CW, Katz S, et al. Short-term meta-
bolic and cardiovascular effects of metformin in markedly obese adolescents with normal
glucose tolerance. Pediatr Diabetes. 2008 12;9(6):567-76.

Kay JP, Alemzadeh R, Langley G, D’Angelo L, Smith P, Holshouser S. Beneficial effects of
metformin in normoglycemic morbidly obese adolescents. Metabolism. 2001 12;50(12):1457-
61.

Wiegand S, I'Allemand D, Hubel H, Krude H, Burmann M, Martus P, et al. Metformin and pla-
cebo therapy both improve weight management and fasting insulin in obese insulin-resistant
adolescents: a prospective, placebo-controlled, randomized study. Eur J Endocrinol. 2010
Oct;163(4):585-92.

203



