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The effect of impaired glucose metabolism on weight loss
in multidisciplinary childhood obesity treatment
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Objective: To investigate whether children and adolescents exhibiting an impaired glucose

metabolism are more obese at treatment entry and less likely to reduce their degree of obesity

during treatment.

Methods: The present study is a longitudinal observational study, including children and ado-

lescents from the Children’s Obesity Clinic, Holbæk, Denmark. Anthropometrics, pubertal

development, socioeconomic status (SES), and fasting concentrations of plasma glucose, serum

insulin, serum C-peptide, and whole blood glycosylated hemoglobin (HbA1c) were collected at

treatment entry and at follow-up. Proxies of Homeostasis Model Assessment 2-insulin sensitiv-

ity (HOMA2-IS) and Homeostasis Model Assessment 2-β-cell function (HOMA2-B) were calcu-

lated with the Homeostasis Model Assessment 2 program.

Results: In total, 569 (333 boys) patients, median 11.5 years of age (range 6-22 years), and

median body mass index (BMI) z-score 2.94 (range 1.34-5.54) were included. The mean BMI z-

score reduction was 0.31 (�0.46) after 13 months (range 6-18) of treatment. At treatment

entry, patients with impaired estimates of glucose metabolism were more obese than normo-

glycemic patients. Baseline concentration of C-peptide was associated with a lower weight loss

during treatment in girls (P = .02). Reduction in the insulin concentrations was associated with

reduction in BMI z-score in both sexes (P < .0001, P = .0005). During treatment, values of glu-

cose, HbA1c, HOMA2-IS, and HOMA2-B did not change or impact the treatment outcome,

regardless of age, sex, SES, or degree of obesity at treatment entry.

Conclusion: The capability to reduce weight during multidisciplinary treatment in children and

adolescents with overweight/obesity is not influenced by an impaired glucose metabolism at

study entry or during the course of treatment.
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1 | INTRODUCTION

The ongoing childhood obesity pandemic is a comprehensive health

challenge in the 21st century, with major implications for mental and

physical health in children and adolescents and a subsequent

increased disease risk in adulthood.1 The treatment outcomes of

childhood obesity have been inconsistent, with high drop-out rates2
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and low success rates.3 Furthermore, severe obesity has been espe-

cially difficult to treat in adolescents.4,5 The difficulty to achieve

weight loss during intervention in children and adolescents with obe-

sity has, in previous reports, been associated to lack of motivation in

the family,6 socioeconomic status (SES) of the parents,7 genetic

background,8,9 and/or adaptive changes in the basal metabolic rate

and in the hunger and satiety hormones that take place during weight

loss.10 Whether specific metabolic variables, including insulin resis-

tance, hyperinsulinemia, and impaired glucose tolerance (IGT)—also

described as prediabetes, have an impact on weight changes is con-

troversial due to conflicting results in both children and adults.11,12

Some intervention studies in children and adolescents with obesity

have reported insulin resistance as a predictor of a reduced ability to

achieve weight loss,13,14 whereas another report, in children and ado-

lescents, has reported a positive association between the degree of

insulin resistance and weight loss.15 IGT and severe insulin resistance,

combined with obesity and excessive weight gain during childhood,

are associated with a higher risk of developing type 2 diabetes

(T2DM) and cardiovascular disease in adolescents.16,17 Furthermore,

a more rapid progression from an untreated IGT to overt T2DM in

children, as compared to adults, has been observed,18 indicating the

possibility of further impaired metabolic state in young people, thus

shortening the transition time between IGT and T2DM.16

The efficacy of various treatment methods to prevent the devel-

opment of T2DM has been investigated, demonstrating that exten-

sive lifestyle changes in adults exhibiting prediabetes can prevent or

delay the onset of T2DM.19 Similar studies in children and adoles-

cents have reported that intensive lifestyle changes, compared to

standard care, can reduce the risk of developing T2DM. However,

these studies are of small sample sizes, comprising 23 to 58 patients,

respectively.20,21

The Children’s Obesity Clinic Treatment (TCOCT) protocol is a

long-term multidisciplinary family-centered intervention program

where 64% to 74% of children and adolescents achieve a reduction

in body mass index (BMI) z-score after up to 24 months of

intervention.22–24 In addition, the TCOCT protocol improves hepatic

steatosis and visceral fat mass,25 the degree of hypertension,26 the

concentrations of fasting plasma lipids27 and, in addition, the parents

reduce their degree of obesity during their child’s treatment.28 In the

present study, we hypothesize that children and adolescents exhibit-

ing an impaired glucose metabolism are more obese at baseline and

less likely to reduce their BMI z-score during chronic care treatment

for childhood obesity.

2 | METHODS AND DESIGN

2.1 | Population

Children and adolescents were recruited from the Children’s Obesity

Clinic, Department of Pediatrics, Copenhagen University Hospital

Holbæk, Denmark, also comprising the Danish Childhood Obesity

Biobank. The inclusion criteria were (1) an age in the range of 6 to

18 years, (2) a BMI z-score > 1.28 (BMI > 90th percentile) according

to a Danish reference,29 (3) a fasting blood sample, (4) anthropometrics

and blood samples at enrollment into the chronic care childhood obe-

sity treatment program (treatment entry) and after approximately

1 year of treatment ( �6 months), and (5) no more than 60 days

between treatment initiation and the first blood sampling, in order to

prevent the influence of a possible weight loss on the results of the

biochemical blood analyses.

2.2 | Study design

This study was a longitudinal observational study from the first year

of treatment, where children and adolescents attended consultations

on average once every 6 to 8 weeks. The treatment is ongoing irre-

spective of the evaluation of data included in the present study.

2.3 | The children’s obesity clinic treatment
(TCOCT)

The children and adolescents were enrolled in the multidisciplinary

chronic care obesity treatment according to the TCOCT protocol at

the Children’s Obesity Clinic, previously described in detail.22 The

Children’s Obesity Clinic offers an outpatient, multidisciplinary treat-

ment for children and adolescents with overweight or obesity by

health care professionals including pediatricians, nurses, dieticians,

psychologists, and social workers. The TCOCT protocol is a best-

practice, family-centered approach involving behavior-modifying

techniques, where an individually tailored plan of lifestyle advices,

comprising 10 to 25 advices concerning the level of physical activity,

inactivity, sources and amounts of nutrition, sugar and fat-intake, psy-

chosocial factors, eating behaviors, and sleep patterns, is given to

each child and family. At the first visit, the families were explained, in

a non-technical language, about the neuro-endocrinological adapta-

tion against weight loss that promotes fat deposition and thus possi-

ble weight regain during treatment, due to the regulations of the fat

mass exemplified by the leptin system.10 This understanding focuses

upon the importance of changing multiple habits from the beginning

of the treatment to accomplish weight loss. At every visit, the treat-

ment plan is evaluated and optimized and anthropometric measure-

ments are collected. The families attend consultations on average

once every 6 to 8 weeks, and a mean of 5 hours of health profes-

sional time is spent on each patient per year.22

2.4 | Outcome measures

Anthropometrics were collected at every visit in the Clinic. Fasting

values of plasma glucose (FPG), serum insulin, serum C-peptide, and

whole blood glycosylated hemoglobin (HbA1c) were collected at

treatment entry and at follow-up.

2.5 | Anthropometrics

The patients wore light indoor clothing during measurements. Weight

was measured to the nearest 0.1 kg using a Tanita® Digital Medical

Scale, WB-110 MA (Tanita Corp., Tokyo, Japan). Height was mea-

sured by stadiometer to the nearest 1 mm. BMI was calculated as

weight in kilograms divided by height in meters squared. BMI z-score

was calculated using height and weight and the LMS method30 which
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uses a measure of skewness (L), the median (M) and the coefficient

of variation (S) in a Box-Cox transformation to normalize the data

based on a Danish reference29 and used to determine the degree of

obesity.

2.6 | Blood samples

After an overnight 10-hour fast, a peripheral intravenous catheter

was inserted into a cubital vein. Concentrations of plasma glucose

(intra- and interassay coefficients for variation for the concentration

(CV): 2.3% and detection limits (DL): 0.06 mmol/L) were determined

on a Dimension Vista® 1500 Analyzer (Siemens, Erlangen, Germany).

Serum insulin (CV: 2.0%; DL:1.4 pmol/L) and C-peptide (CV: 3.4%;

DL: 0.003 nmol/L) concentrations were analyzed on a Cobas® 6000

Analyser (Roche Diagnostic, Mannheim, Germany). Whole blood

HbA1c (CV: 1.9%; DL: 24.6 mmol/mol) was analyzed on a Tosoh

high-performance liquid chromatography G8 analyser (Tosoh Corpo-

ration, Tokyo, Japan). Blood samples were collected at baseline and

annually.

Serum C-peptide has only been analyzed at treatment entry and

not at follow-up, because this variable has not been a part of the rou-

tine blood samples analyzed during the TCOCT protocol.

2.7 | Definition of prediabetes

In this study, prediabetes was defined as impaired fasting glucose

(IFG) with plasma glucose concentration between 5.6 and 6.9 mmol/L

or an HbA1c concentration between 39 and 48 mmol/mol/ (5.7%-

6.6%) according to the classification by the American Diabetes Asso-

ciation (ADA).31

2.8 | Indices of insulin sensitivity and secretion

The updated computer model of Homeostasis Model Assessment 2 -

(HOMA2) was downloaded from the internet (https://www.dtu.ox.ac.

uk/homacalculator) and used to calculate the proxies of the β-cell

function (HOMA2-B) and the insulin sensitivity (HOMA2-IS) from

fasting plasma glucose and serum insulin. The HOMA2-model defined

normal insulin sensitivity and normal β-cell function at 100%.32

HOMA2-IS correlates well with the hyperinsulinemic-euglycemic

clamp in adolescents across the continuum of glucose tolerance

including children exhibiting diabetes and obesity.33 The computer

software calculating HOMA2 has been recalibrated using modern

insulin assays, in contrast to HOMA1 that was originally calibrated to

insulin assays from the 1970s, and thus will overestimate insulin sen-

sitivity using current insulin assays.32

2.9 | Socioeconomic status

Information of the parents’ occupation was obtained at the first visit.

The SES of the parents was classified into the classes 1 to 5 in accor-

dance with the Danish version of the International Classification of

Occupation (DISCO-88).34

2.10 | Statistical analyses

To investigate weight loss, the mean values of BMI z-score were mod-

eled separately for each gender as a function of time using linear

mixed models with a covariance structure includes a random intercept

and slope allowing each patient to have its own level and development

of BMI z-score and an exponential residual structure, allowing the

covariance between 2 measurements on the same participant to

decrease as the time between measurements increases. The analyses

were adjusted for age and SES. Time was included as a cubic spline

with 3 a priori cut-points at the 10th, 50th, and 90th percentiles, cor-

responding to 1, 14, and 33 months of treatment, respectively. For

further description of the model, please refer to Reference 22. Associa-

tions between changes in BMI z-score and FPG, HbA1c, insulin, C-

peptide, HOMA2-IS, and HOMA2-B were analyzed by testing for an

interaction between dichotomized baseline characteristics of the

aforementioned estimates of the glucose metabolism and treatment

duration. Glucose was dichotomized into FPG ≥ 5.6 mmol/L vs

<5.6 mmol/L, HbA1c ≥ 38 mmol/L/ (5.7%) vs <38 mmol/L/(5.7%)

according to the definition of prediabetes.31 Dichotomization of insu-

lin and C-peptide was done according to the median values of insulin

and C-peptide; insulin >107 pmol/L vs low insulin ≤107 pmol/L, C-

peptide >0.82 nmol/L (median value) vs ≤0.82 nmol/L. HOMA2-IS

and HOMA2-B were separated into high and low (> 100% vs <100%)

according to the definition of normal HOMA2-IS and HOMA2-B.32

The associations between changes in concentrations of FPG,

HbA1c, insulin, HOMA2-IS, HOMA2-B, and changes in BMI z-score

were analyzed using linear regressions adjusted for the treatment

duration, age, and baseline concentrations of FPG, HbA1c, insulin, C-

peptide, HOMA2-IS, and HOMA2-B. A period of no more than

18 months of treatment between the blood samples collected at

baseline and at follow-up were used when describing the changes in

variables of the glucose metabolism during the first year of treatment.

Statistical analyses were performed using SAS software version 9.4

(SAS institute Inc, Cary, NC 27513-2414, USA).

2.11 | Ethics and permissions

Informed written consent was obtained from patients older than

18 years and from parents if the patient was below the age of

18 years. The study was carried out in accordance with the ethical

principles of the Declaration of Helsinki 2013, approved by the Dan-

ish Data Protection Agency (REG-06-2014) and the Ethics Committee

of Region Zealand, Denmark (SJ-104), and is registered at

ClinicalTrials.gov (NCT00928473).

3 | RESULTS

In total, 752 (333 boys) children and adolescents were included at

baseline. At treatment entry, the median age was 11 years (range 6-

22) and the median BMI z-score was 2.91 (interquartile range, IQR:

2.48-3.33). Baseline characteristics and estimates of the glucose

metabolism in boys and girls are shown in Table 1.

At follow-up, 182 patients were excluded due to more than

18 months of treatment between the blood samples at treatment
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entry and at follow-up even though they continued following the

treatment, leaving 569 children and adolescents eligible for the

follow-up study.

3.1 | Weight loss during treatment

In the 569 children and adolescents included in the follow-up study,

a mean reduction of 0.31 � 0.46 SD BMI z-score was observed after

a median of 13 months (range 6-18) of intervention (Table 2).

136 (24%) children and adolescents increased their BMI z-score with

a median of 0.14 (IQR; 0.06; 0.26) during the first year of treatment.

3.2 | Associations of estimates of glucose
metabolism with the degree of obesity at baseline and
later weight loss during intervention.

3.2.1 | Prediabetes-IFG

At treatment entry, IFG was present in 68 (12%) patients. No signifi-

cant differences in degree of obesity at treatment entry were

observed between the patients with and without IFG (boys, P = .38;

girls, P = .74; Table 3). In both sexes, IFG at treatment entry did not

significantly influence the ability to reduce the BMI z-score during

treatment (P = .58, P = .80; Table 3) (Figure 1).

3.2.2 | Prediabetes-HbA1c

At enrollment, 74 (9.8%) patients had an HbA1c concentration above

38 mmol/mol/(5.7%). Girls with an HbA1c concentration above

38 mmol/mol/(5.7%) exhibited a higher BMI z-score than girls with

HbA1c below this threshold (P = .02). At enrollment, a high concen-

tration of HbA1c did not influence the ability to reduce BMI z-score

in boys (P = .72). Girls with high concentrations of HbA1c at treat-

ment entry tended to exhibit a higher degree of weight loss during

treatment compared to girls with low concentrations of

HbA1c (P = .06).

3.2.3 | Serum insulin

Boys and girls with high concentrations of insulin exhibited a higher

degree of obesity at treatment entry compared to girls and boys with

a low fasting insulin concentration (P < .0001 and P < .0001;

Table 3). A high insulin concentration at treatment entry was not

associated with the degree of weight loss during treatment in boys or

in girls (P = .18, P = .50).

3.2.4 | Serum C-peptide

High concentrations of C-peptide in boys and girls were associated

with lower degrees of obesity at treatment entry than patients with

low concentrations of C-peptide (P < .0001 and P < .0001). At treat-

ment entry, a high concentration of C-peptide was associated with a

higher degree of weight loss during treatment in girls (P = .02), but

not in boys (P = .15).

3.2.5 | HOMA2-IS

At treatment entry, 660 (87.7%) children and adolescents exhibited a

low insulin sensitivity (HOMA2-IS < 100%). At treatment entry, low

insulin sensitivity was associated with a higher degree of obesity in

boys (P = .0002), but not in girls (P = .13). However, low insulin sensi-

tivity at treatment entry was not associated with the degree of

weight loss during intervention in boys or girls (P = .19; P = .61).

3.2.6 | HOMA2-B

An augmented β-cell function (HOMA2-B > 100%) was present in

629 (83.6%) patients at baseline. At treatment entry, the girls and

boys with high HOMA2-B exhibited a higher degree of obesity than

those with low HOMA2-B (P < .001; P < .001). No significant

TABLE 1 Baseline characteristics of the 752 study patients

Boys Girls P-value

Number 333 419

Age at baseline, years 11.58(9.71-13.18) 11.18(8.68-13.74) 0.12

BMI z-score 3.16(2.71-3.60) 2.75(2.34-3.09) <0.0001

Plasma glucose, mmol/L 5.10(4.90-5.50) 5.10 (4.53-5.67) 0.03

HbA1c, mmol/mol/% 34(32-37)/ 5.3(5.1-5.5) 34(32-37)/5.3(5.1-5.5) 0.57

Insulin, pmol/L 104.40(68.81-144.00) 109.50(73.10-160.90) 0.88

C-peptid, nmol/L 0.79(0.59-1.03) 0.84(0.64-1.11) 0.39

HOMA2-B, % 138.90(108.00-180.60) 151(155.50-188.20) 0.39

HOMA2-IS, % 53.10(37.20-78.00) 49.30(34.40-74.70) 0.51

Prevalence rates of SES 0.77

SES 1 7.19% 9.09%

SES 2 25.16% 25.71%

SES 3 30.07% 30.39%

SES 4 26.80% 23.12%

SES 5 10.78% 11.69%

Abbreviations: BMI, body Mass Index; HbA1c, glycosylated hemoglobin; HOMA2-B, Homeostasis Model Assessment 2-β-cell function; HOMA2-IS,
Homeostasis Model Assessment 2-insulin sensitivity; SES, socioeconomic status.
Values are medians with interquartile range.
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associations between β-cell function at baseline and weight loss dur-

ing treatment were observed (boys, P = .10; girls, P = .36).

3.3 | Changes in the glucose metabolism variables
during treatment

3.3.1 | Fasting plasma glucose

No significant association was observed between the changes in fast-

ing glucose concentration and the changes in BMI z-score (boys,

P = .17; girls, P = .27; Table 4). During treatment, 76% (51% boys) of

the patients with IFG at treatment entry reduced their concentration

of fasting plasma glucose below 5.6 mmol/L during the first year of

treatment. However, 10% (52% boys) developed fasting plasma glu-

cose above 5.6 mmol/L during the first year of treatment.

3.3.2 | HbA1c

During treatment, reductions in BMI z-score were associated with

reductions in Hba1c, with a reduction of 0.85 mmol/mol in HbA1c

for each unit of BMI z-score declines in girls (P = .002).

3.3.3 | Fasting serum insulin

During treatment, the insulin concentration was reduced by

55.8 pmol/L (95% confidence intervals (CIs): 37.00; 72.69, P < .0001)

and 34.04 pmol/L (95%CI: 15.02; 53.06, P = .0005) for each unit of

BMI z-score reduction in boys and in girls, respectively (Table 4).

3.3.4 | HOMA2-IS and HOMA2-B

No associations were found between reductions in HOMA-IS or

HOMA2-B and reduction in BMI z-score (HOMA-IS: boys, P = 17;

girls, P = .20; Table 4) (HOMA2-B: boys, P = .21; girls, P = .42) during

treatment.

4 | DISCUSSION

In the present study, estimates of the glucose metabolism at treat-

ment entry did not influence the capability to reduce weight in chil-

dren and adolescents during multidisciplinary chronic care treatment.

Although IFG is a surrogate measure of abnormal glucose metab-

olism, IFG or elevated HbA1c at treatment entry did not influence

the ability to reduce weight in the present study. Girls with higher

concentrations of HbA1c at treatment entry were more obese at

treatment entry. A previous report from our group has demonstrated

that children with a familial predisposition to T2DM have a higher

degree of obesity at treatment initiation.35 In addition, Altinli

et al. observed that children with parents with T2DM exhibits a

higher degree of obesity compared to children with parents without

diabetes.36 We did not investigate whether or not the girls with high

HbA1c were predisposed to T2DM in the present study.

No changes were observed in the concentrations of fasting glu-

cose during weight loss in either boys or girls. The efficacy of fasting

plasma glucose as a surrogate measure of abnormal glucose metabo-

lism has previously been demonstrated in 1020 normoglycemic chil-

dren with obesity, showing a decline in insulin sensitivity and

secretion when moving from low to high concentration in the range

of normal fasting plasma glucose (3.42-5.54 mmol/L).37 Moreover, a

TABLE 2 Characteristics at baseline and after the first year of treatment in 569 patients

Baseline Follow-up Changes � SD 95%CI

BMI z-score 2.94 � 0.68 2.63 � 0.82 −0.31 � 0.46 −0.34;-0.27

Plasma glucose, mmol/L 5.15 � 0.53 5.15 � 0.39 −0.0001 � 0.56 −0.05;0.04

HbA1c, mmol/mol 34.53 � 3.31 34.20 � 3.14 −0.32 � 2.22 −0.50;-0.14

Insulin, pmol/L 127.22 � 101.24 113.73 � 76.34 −11.34 � 71.95 −18.78;-3.89

HOMA2-B, % 155.93 � 71.60 155.95 � 74.34 −0.05 � 46.99 −3.91; 3.81

HOMA2-IS, % 61.00 � 37.48 59.62 � 36.72 −1.39 � 19.75 −3.02;0.24

Abbreviations: BMI, body Mass Index; CI, confidence intervals; HbA1c, glycosylated hemoglobin; HOMA2-B, Homeostasis Model Assessment 2-β-cell
function; HOMA2-IS, Homeostasis Model Assessment 2-insulin sensitivity; IQR, interquartile range.
Values are means and standard deviations at baseline and after 1 year, and mean and standard deviation of change between baseline and 1 year, and the
confidence interval from corresponding paired t test. The measurement of variables of glucose metabolism closest 1 year after the baseline measurement
was used, only measurements between 6 and 18 months have been used (median 13 IQR (11.8-14.6)).
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FIGURE 1 Changes in degree of obesity in boys and girls during

treatment. Changes in body mass index (BMI) z-score during
treatment. P-value describes no difference in weight reduction during
treatment in girls or boys with impaired fasting glucose (IFG)
compared to boys and girls without IFG
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high normal fasting plasma glucose (4.8-5.5 mmol/L) has also been

associated with a 7-fold higher risk of presenting with IGT and insulin

resistance in 323 children with obesity.38

The majority of the patients presenting with hyperinsulinemia

exhibited a higher degree of obesity at treatment entry than those

without hyperinsulinemia. Nevertheless, high concentrations of insu-

lin or reduced insulin sensitivity did not influence the capacity to lose

weight during chronic care treatment. This is in line with a study in

249 children with obesity followed for up to 15 years, where later

weight regain during adolescence, was associated with degree of

obesity and fat mass at baseline and not with insulin concentrations

or insulin resistance.39 In contrast, several reports have described

insulin resistance as a predictor of difficulties to achieve weight loss

during lifestyle intervention in children and adolescents with obe-

sity.13,14,40 Moreover, fasting hyperinsulinemia has been described as

a predictor of later weight gain in Pima Indian children (n = 328) and

Hispanic adolescents (n = 96) with obesity exhibiting a strong genetic

predisposition of obesity,41,42 leading to an increased focus on

whether improvement of the insulin sensitivity can prevent further

weight gain.

TABLE 4 Reduction in variables of the glucose metabolism for each unit of BMI z-score reduction during the first year of treatment

Changes during 13 � 2 month of treatment Estimate 95% CI P-value

Boys (n = 263)

Glucose, mmol/L 0.07 −0.03;0.16 0.17

HbA1c, mmol/mol 0.07 −0.30;-0.13 0.18

Insulin, pmol/L 54.85 37.01;72.69 <0.001

HOMA2-IS, % (−3.48) −8.44;1.48 0.17

HOMA2-B, % 7.34 −4.28;18.96 0.21

Girls (n = 306)

Glucose, mmol/L 0.06 −0.04;0.16 0.27

HbA1c, mmol/mol 0.85 0.32;1.37 0.002

Insulin, pmol/L 34.04 15.02;53.06 0.0005

HOMA2-IS, % −3.13 −7.89;1.64 0.20

HOMA2-B, % 4.81 −6.98;16.60 0.42

Abbreviations: BMI, body Mass Index; HbA1c, glycosylated hemoglobin; HOMA2-B, Homeostasis Model Assessment 2-β-cell function; HOMA2-IS,
Homeostasis Model Assessment 2-insulin sensitivity; IQR, interquartile range.
The association between change in variables of glucose metabolism and change in degree of obesity during treatment is analyzed using linear regression
of change in variables of glucose metabolism on change in BMI z-score adjusted for exact treatment duration, age, and baseline glucose metabolism.
Values are in mean and 95% confidence intervals. The measurement of variables of the glucose metabolism closest 1 year after the baseline measurement
was used, only anthropometric measurements between 6 and 18 months have been used (median 13 IQR (11.8-14.6)). Significant p-values are in bold.

TABLE 3 Baseline associations of the estimates of glucose metabolism and the degree of obesity at treatment entry and the effects of the

glucose metabolism on weight loss in 333 boys and 419 girls

Sex
Boys
n = 333 Estimate � SEa P-value 95%CI

Girls
n = 419 Estimate � SE P-value 95%CI

At treatment entry

Glucose −0.11 � 0.13 0.38 −0.36;0.14 0.33 � 0.10 0.74 −0.16; 0.22

HbA1c 0.14 � 0.14 0.32 −0.13;0.41 0.28 � 0.12 0.02 0.06; 0.52

Insulin 0.46 � 0.09 <.0001 0.29;0.63 0.28 � 0.07 <0.0001 0.15; 0.41

C-peptide −0.52 � 0.09 <0.0001 −0.69;-0.34 −0.29 � 0.07 <0.0001 −0.43; −0.14

HOMA2-IS −0.46 � 0.12 0.0002 −0.70;-0.22 −0.17 � 0.11 0.13 −0.39; 0.05

HOMA2-B −0.49 � 0.10 <0.001 −0.69;-0.28 −0.33 � 0.10 0.0008 −0.52; −14

Effects on weight loss

Glucose −0.02 � 0.03 0.58 −0.10;0.05 0.008 � 0.04 0.81 −0.06; 0.08

HbA1c −0.015 � 0.04 0.72 −0.10; 0.07 0.08 � 0.04 0.06 −0.004; 0.16

Insulin −0.04 � 0.03 0.18 −0.09;0.01 −0.02 � 0.03 0.50 −0.06; 0.03

C-peptide 0.04 � 0.03 0.15 −0.02;0.10 0.05 � 0.02 0.02 0.01; 0.10

HOMA2-IS −0.05 � 0.04 0.19 −0.13;0.03 0.02 � 0.04 0.61 −0.06; 0.10

HOMA2-B −0.06 � 0.03 0.10 −0.12;0.01 0.03 � 0.04 0.36 −0.04; 0.10

Abbreviations: CI, confidence intervals; HbA1c, glycosylated hemoglobin; HOMA2-B, Homeostasis Model Assessment 2-β-cell function; HOMA2-IS,
Homeostasis Model Assessment 2-insulin sensitivity.
a Estimated group difference in baseline degree of obesity (BMI z-score � SE) and estimated group difference in rate of weight loss (BMI z-score/year) �
SE. The estimates of the glucose metabolism and the association to the degree of obesity at baseline are dichotomized into children exhibiting glucose;
> 5.6 mmol/L vs < 5.6 mmol/L, HbA1c; > 38 mmol/mol /(5.7%) vs < 38 mmol/mol/(5.7%), insulin; >107 pmol/L vs < 107 pmol/L, C-peptide;
> 0.82 nmol/L vs < 0.82 nmol/L, HOMA2-IS; > 100% vs < 100%, HOMA2-B; < 100% vs > 100%. Standard Error (SE), 95% Confidence Interval (95%CI).
Significant p-values are in bold.
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At treatment entry, a high concentration of C-peptide, which is

another proxy for the insulin secretion by the β-cell, was associated

with a higher degree of weight loss during treatment in girls, but not

in boys. From these results, it could be hypothesized that girls with a

low concentration of C-peptide, due to an impaired β-cell function,

responded poorer to multidisciplinary childhood obesity treatment.

The same trend was observed when using the HOMA2-B to estimate

the β-cell function, however, this association was non-significant.

Variations in the 2 estimates of β-cell function might be explained by

the use of insulin in the equation of HOMA2-B calculation instead of

C-peptide.

During treatment according to the TCOCT protocol, the concen-

trations of insulin in both sexes declined independent of age, SES,

and degree of obesity at enrollment. However, no significant

improvements in insulin sensitivity were observed in either sex during

intervention. The lack of improvement in insulin sensitivity, despite a

reduction in insulin concentration during weight loss, may be

explained by the transient development of insulin resistance and

ectopic fat deposition during puberty.43 However, reports on the

association between fasting glucose, insulin sensitivity, and changes

in ectopic fat are inconsistent.25,44

Despite reductions in the degree of obesity and insulin concen-

trations, we did not observe any significant improvements in the con-

centrations of fasting plasma glucose or insulin sensitivity during

treatment. These observations indicate that other factors influence

glucose homeostasis in children with obesity. Since IFG is associated

with insulin resistance in the liver,45 during weight loss, liver insulin

resistance may be reduced due to the reduction of ectopic fat in the

liver.25 This in combination with the higher peripheral insulin resis-

tance that occurs during puberty,46 may explain why we do not

observe a reduction in the fasting plasma concentrations of glucose

despite a reduction in the degree of obesity and insulin concentra-

tions in boys and girls. However, this hypothesis requires further

investigation.

In contrast to the present study, other reports have demon-

strated an improvement in insulin sensitivity measured by whole-

body insulin sensitivity index derived from glucose and insulin con-

centrations from an oral glucose tolerance test (OGTT) during inten-

sive lifestyle changes compared to standard care treatment in 23 and

58 patients, respectively, aged 10 to 16 years.20,21 However, in these

studies, indices from an OGTT were used to describe the insulin sen-

sitivity making these studies less comparable with the present study,

where we included a larger number of patients and used HOMA2-IS

as an estimate of insulin sensitivity.

Difficulties in achieving weight loss during chronic care treat-

ment have been reported to be associated with higher age, higher

degree of obesity at treatment initiation,4,5 insulin resistance, and

parental obesity.40 In contrast to these reports, the TCOCT protocol

has attained a significant and biologically relevant47 weight loss in

elder children (age above 11.7 years),22 and further documented

that girls with familial predisposition to obesity lost more weight

than girls without familial predisposition to obesity35 and that par-

ents reduced their degree of obesity during their child’s treatment

with the TCOCT protocol.28 In addition, the present study shows

that weight loss is attainable in children and adolescents with

obesity and impaired glucose metabolism irrespective of age, degree

of obesity, and SES.

There are several limitations to our study. The concentrations of

insulin were measured routinely on 1 sample per patient in the in-

house clinical laboratory, whereas the gold standard is a mean of

3 samples due to the pulsatile secretion of insulin.48 In addition, we

were not able to adjust for the natural day-to-day variation of FPG,49

since we only included 1 measurement of FPG. However, the large

number of patients and the blood samples being collected at the

same time every morning in the fasting condition minimize this day-

to-day variation. Proxies of insulin sensitivity and β-cell function as

estimated by the HOMA2 program have been demonstrated to corre-

late well with similar values derived from the hyperinsulinemic-

euglycemic clamp in adolescents across the continuum of glucose tol-

erance including children exhibiting diabetes and obesity.33 When

using the HOMA2-B to estimate the β-cell function, it is recom-

mended to use C-peptide rather than insulin when available, since it

is a more direct marker of the secretion of insulin. However, C-

peptide was not part of the routine blood samples during the TCOCT

protocol until year 2013, why insulin was used in the computer-based

equation of HOMA2-B in the present study.

In conclusion, children and adolescents with obesity successfully

achieve weight loss during treatment according to the TCOCT proto-

col, irrespective of impaired glucose metabolism, age, degree of obe-

sity, and SES.

ACKNOWLEDGEMENTS

We would like to thank Oda Troest and Birgitte Holløse for their

expert technical assistance and also to thank all the patients in this

study. This study is part of the research activities in The Danish

Childhood Obesity Biobank, TARGET (The impact of our genomes on

individual treatment response in obese children; http://metabol.ku.

dk/research-project-sites/target/) and BIOCHILD (Genetics and sys-

tems biology of childhood obesity in India and Denmark; http://

biochild.ku.dk/), supported by The Region Zealand Health Scientifics

Research Foundation, The Danish Innovation Foundation (grants

0603-00484B and 0603-00457B), The Novo Nordisk Foundation

(grant number NNF15OC0016544), and an unrestricted educational

grant from Novo Nordisk. The Novo Nordisk Foundation Center for

Basic Metabolic Research is an independent research center at the

University of Copenhagen and is partly funded by an unrestricted

donation from the Novo Nordisk Foundation.

Conflict of interest

The authors declare no potential conflict of interests.

ORCID

Julie T. Kloppenborg http://orcid.org/0000-0002-9192-131X

REFERENCES

1. Han JC, Lawlor DA, Kimm SYS. Childhood obesity. Lancet.
2010;375(9727):1737–1748.

372 KLOPPENBORG ET AL.

http://biochild.ku.dk/
http://biochild.ku.dk/
http://orcid.org/0000-0002-9192-131X
http://orcid.org/0000-0002-9192-131X


2. Reinehr T, Widhalm K, l’Allemand D, et al. Two-year follow-up in
21,784 overweight children and adolescents with lifestyle interven-
tion. Obesity. 2009;17(6):1196–1199.

3. Peirson L, Fitzpatrick-Lewis D, Morrison K, Warren R, Usman Ali M,
Raina P. Treatment of overweight and obesity in children and youth:
a systematic review and meta-analysis. CMAJ Open. 2015;3(1):
E35–E46.

4. Danielsson P, Kowalski J, Ekblom Ö, Marcus C. REsponse of severely
obese children and adolescents to behavioral treatment. Arch Pediatr
Adolesc Med. 2012;166(12):1103–1108.

5. Sabin MA, Ford A, Hunt L, Jamal R, Crowne EC, Shield JPH. Which
factors are associated with a successful outcome in a weight manage-
ment programme for obese children? J Eval Clin Pract.
2007;13(3):364–368.

6. Boutelle KN, Cafri G, Crow SJ. Parent predictors of child weight
change in family based behavioral obesity treatment. Obesity.
2012;20(7):1539–1543.

7. Seo D-C, King MH, Kim N, Sovinski D, Meade R, Lederer AM. Predic-
tors for persistent overweight, deteriorated weight status, and
improved weight status during 18 months in a school-based longitudi-
nal cohort. Am J Health Promot. 2015;30(1):22–27.

8. Moleres A, Campión J, Milagro FI, et al. Differential DNA methylation
patterns between high and low responders to a weight loss interven-
tion in overweight or obese adolescents: the EVASYON study. J Off
Publ Fed Am Soc Exp Biol. 2013;27(6):2504–2512.

9. Moleres A, Milagro FI, Marcos A, et al. Common variants in genes
related to lipid and energy metabolism are associated with weight loss
after an intervention in overweight/obese adolescents. Nutr Hosp.
2014;30(1):75–83.

10. Rosenbaum M, Leibel RL. 20 years of leptin: role of leptin in energy
homeostasis in humans. J Endocrinol. 2014;223(1):T83–T96.

11. Rebelos E, Muscelli E, Natali A, et al. Body weight, not insulin sensi-
tivity or secretion, may predict spontaneous weight changes in non-
diabetic and prediabetic subjects: the RISC study. Diabetes.
2011;60(7):1938–1945.

12. Mayer-Davis EJ, Kirkner GJ, Karter AJ, Zaccaro DJ. Metabolic predic-
tors of 5-year change in weight and waist circumference in a triethnic
population: the insulin resistance atherosclerosis study.
Am J Epidemiol. 2003;157(7):592–601.

13. Uysal Y, Wolters B, Knop C, Reinehr T. Components of the metabolic
syndrome are negative predictors of weight loss in obese children
with lifestyle intervention. Clin Nutr Edinb Scotl. 2014;33(4):620–625.

14. Chiavaroli V, Giannini C, D’Adamo E, et al. Weight loss in obese pre-
pubertal children: the influence of insulin resistance. Endocr Res.
2013;38(1):48–57.

15. Cummings DM, Henes S, Kolasa KM, Olsson J, Collier D. Insulin resis-
tance status: predicting weight response in overweight children. Arch
Pediatr Adolesc Med. 2008;162(8):764–768.

16. Weiss R. Impaired glucose tolerance and risk factors for progression
to type 2 diabetes in youth. Pediatr Diabetes. 2007;8(Suppl 9):70–75.

17. Zimmet P, Alberti KGM, Kaufman F, et al. The metabolic syndrome in
children and adolescents - an IDF consensus report. Pediatr Diabetes.
2007;8(5):299–306.

18. Weiss R, Taksali SE, Tamborlane WV, Burgert TS, Savoye M,
Caprio S. Predictors of changes in glucose tolerance status in obese
youth. Diabetes Care. 2005;28(4):902–909.

19. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
N Engl J Med. 2002;346(6):393–403.

20. Shaw M, Savoye M, Cali A, Dziura J, Tamborlane WV, Caprio S. Effect
of a successful intensive lifestyle program on insulin sensitivity and
glucose tolerance in obese youth. Diabetes Care. 2009;32(1):45–47.

21. Savoye M, Caprio S, Dziura J, et al. Reversal of early abnormalities in
glucose metabolism in obese youth: results of an intensive lifestyle
randomized controlled trial. Diabetes Care. 2014;37(2):317–324.

22. Holm J-C, Gamborg M, Bille DS, Gr Nb KHN, Ward LC, Faerk J.
Chronic care treatment of obese children and adolescents. Int J
Pediatr Obes. 2011;6(3–4):188–196.

23. Most SW, Højgaard B, Teilmann G, et al. Adoption of the children’s
obesity clinic’s treatment (TCOCT) protocol into another Danish pedi-
atric obesity treatment clinic. BMC Pediatr. 2015;15:13.

24. Mollerup PM, Gamborg M, Trier C, et al. A hospital-based child and
adolescent overweight and obesity treatment protocol transferred
into a community healthcare setting. PLoS One. 2017;12(3):
e0173033.

25. Fonvig CE, Chabanova E, Ohrt JD, et al. Multidisciplinary care of
obese children and adolescents for one year reduces ectopic fat con-
tent in liver and skeletal muscle. BMC Pediatr. 2015;15:196.

26. Hvidt KN, Olsen MH, Ibsen H, Holm J-C. Effect of changes in BMI
and waist circumference on ambulatory blood pressure in obese chil-
dren and adolescents. J Hypertens. 2014;32(7):1470–1477. discussion
1477.

27. Nielsen TRH, Gamborg M, Fonvig CE, et al. Changes in lipidemia dur-
ing chronic care treatment of childhood obesity. Child Obes.
2012;8(6):533–541.

28. Trier C, Dahl M, Stjernholm T, et al. Effects of a family-based child-
hood obesity treatment program on parental weight status. PLoS One.
2016;11(8):e0161921.

29. Nysom K, Mølgaard C, Hutchings B, Michaelsen KF. Body mass index
of 0 to 45-y-old Danes: reference values and comparison with pub-
lished European reference values. Int J Obes Relat Metab Disord.
2001;25(2):177–184.

30. Cole TJ, Green PJ. Smoothing reference centile curves: the LMS
method and penalized likelihood. Stat Med. 1992;11(10):1305–1319.

31. American Diabetes Association. Diagnosis and classification of diabe-
tes mellitus. Diabetes Care. 2014;37(Supplement_1):S81–S90.

32. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA
modeling. Diabetes Care. 2004;27(6):1487–1495.

33. George L, Bacha F, Lee S, Tfayli H, Andreatta E, Arslanian S. Surro-
gate estimates of insulin sensitivity in obese youth along the spec-
trum of glucose tolerance from normal to prediabetes to diabetes. J
Clin Endocrinol Metab. 2011;96(7):2136–2145.

34. Statistics Denmark. Danish International Standard Classification of
Occupations DISCO-08 [Internet]. 2016. http://www.dst.dk/da/
Statistik/dokumentation/Nomenklaturer/disco08 (Accessed
September 26, 2016)

35. Nielsen LA, Bøjsøe C, Kloppenborg JT, Trier C, Gamborg M, Holm J-
C. The influence of familial predisposition to cardiovascular complica-
tions upon childhood obesity treatment. PLoS One. 2015;10(3):
e0120177.

36. Altinli S, Elevli M, Ozkul AA, Kara PG, Karsidag K, Dogru M. Insulin
resistance and metabolic syndrome in children of parents with diabe-
tes mellitus. J Pediatr Endocrinol Metab. 2007;20(3):431–436.

37. O’Malley G, Santoro N, Northrup V, et al. High normal fasting glucose
level in obese youth: a marker for insulin resistance and beta cell dys-
regulation. Diabetologia. 2010;53(6):1199–1209.

38. Grandone A, Amato A, Luongo C, Santoro N, Perrone L, Giudice EM.
Del. high-normal fasting glucose levels are associated with increased
prevalence of impaired glucose tolerance in obese children. J Endocri-
nol Invest. 2014;31(12):1098–1102.

39. Sedaka NM, Olsen CH, Yannai LE, et al. A longitudinal study of serum
insulin and insulin resistance as predictors of weight and body fat
gain in African American and Caucasian children. Int J Obes.
2016;2005:18.

40. Pinhas-Hamiel O, Lerner-Geva L, Copperman N, Jacobson MS. Insu-
lin resistance and parental obesity as predictors to response to ther-
apeutic life style change in obese children and adolescents 10-18
years old. J Adolesc Health of Publ Soc Adolesc Med.
2008;43(5):437–443.

41. Odeleye OE, de Courten M, Pettitt DJ, Ravussin E. Fasting hyperinsu-
linemia is a predictor of increased body weight gain and obesity in
pima Indian children. Diabetes. 1997;46(8):1341–1345.

42. Adam TC, Toledo-Corral C, Lane CJ, et al. Insulin sensitivity as an
independent predictor of fat mass gain in Hispanic adolescents. Dia-
betes Care. 2009;32(11):2114–2115.

43. Gyllenhammer LE, Alderete TL, Toledo-Corral CM, Weigensberg M,
Goran MI. Saturation of subcutaneous adipose tissue expansion and
accumulation of ectopic fat associated with metabolic dysfunction
during late and post-pubertal growth. Int J Obes.
2016;40(4):601–606.

44. Weiss R, Dufour S, Taksali SE, et al. Prediabetes in obese youth: a
syndrome of impaired glucose tolerance, severe insulin resistance,

KLOPPENBORG ET AL. 373

http://www.dst.dk/da/Statistik/dokumentation/Nomenklaturer/disco08
http://www.dst.dk/da/Statistik/dokumentation/Nomenklaturer/disco08


and altered myocellular and abdominal fat partitioning. Lancet.
2003;362(9388):951–957.

45. Ferrannini E, Gastaldelli A, Iozzo P. Pathophysiology of prediabetes.
Med Clin North Am. 2011;95(2):327–339. vii–viii.

46. Kelsey MM, Zeitler PS. Insulin resistance of puberty. Curr Diab Rep.
2016;16(7):64.

47. Reinehr T. Lifestyle intervention in childhood obesity: changes and
challenges. Nat Rev Endocrinol. 2013;9(10):607–614.

48. Brown RJ, Yanovski JA. Estimation of insulin sensitivity in children:
methods, measures and controversies. Pediatr Diabetes.
2014;15(3):151–161.

49. Suh S, Kim JH. Glycemic variability: how do we measure it and why is
it important? Diabetes Metab J. 2015;39(4):273–282.

How to cite this article: Kloppenborg JT, Gamborg M,

Fonvig CE, et al. The effect of impaired glucose metabolism

on weight loss in multidisciplinary childhood obesity treat-

ment. Pediatr Diabetes. 2018;19:366–374. https://doi.org/10.

1111/pedi.12605

374 KLOPPENBORG ET AL.

https://doi.org/10.1111/pedi.12605
https://doi.org/10.1111/pedi.12605

	 The effect of impaired glucose metabolism on weight loss in multidisciplinary childhood obesity treatment
	1  INTRODUCTION
	2  METHODS AND DESIGN
	2.1  Population
	2.2  Study design
	2.3  The children´s obesity clinic treatment (TCOCT)
	2.4  Outcome measures
	2.5  Anthropometrics
	2.6  Blood samples
	2.7  Definition of prediabetes
	2.8  Indices of insulin sensitivity and secretion
	2.9  Socioeconomic status
	2.10  Statistical analyses
	2.11  Ethics and permissions

	3  RESULTS
	3.1  Weight loss during treatment
	3.2  Associations of estimates of glucose metabolism with the degree of obesity at baseline and later weight loss during in...
	3.2.1  Prediabetes-IFG
	3.2.2  Prediabetes-HbA1c
	3.2.3  Serum insulin
	3.2.4  Serum C-peptide
	3.2.5  HOMA2-IS
	3.2.6  HOMA2-B

	3.3  Changes in the glucose metabolism variables during treatment
	3.3.1  Fasting plasma glucose
	3.3.2  HbA1c
	3.3.3  Fasting serum insulin
	3.3.4  HOMA2-IS and HOMA2-B


	4  DISCUSSION
	4  Acknowledgements
	4  Conflict of interest

	  References


