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Abstract
Aim: To investigate the prevalence and possible risk factors for the development of 
impaired glucose metabolism in children and adolescents with obesity.
Methods: This was a cross-sectional retrospective cohort study, including 634 pa-
tients with obesity and 98 normal weight controls aged 4–18 years from the Beta-cell 
function in Juvenile Diabetes and Obesity (Beta-JUDO) cohort, a dual-centre study 
at Uppsala University Hospital (Sweden) and Paracelsus Medical University Hospital 
(Salzburg, Austria) conducted between 2012 and 2021. A longitudinal subgroup 
analysis, including 188 of these subjects was performed. Impaired glucose metabo-
lism was diagnosed by oral glucose tolerance tests according to American Diabetes 
Association criteria.
Results: The prevalence of impaired glucose metabolism was 72% in Uppsala patients, 
24% in Salzburg patients, 30% in Uppsala controls and 13% in Salzburg controls. The 
prevalence was lower at the follow-up visits compared with baseline both in Uppsala 
and Salzburg patients. A family history of type 2 diabetes showed the strongest as-
sociation with impaired glucose metabolism at the follow-up visits besides belonging 
to the Uppsala cohort.
Conclusion: The prevalence of impaired glucose metabolism was extraordinarily high 
in Swedish children and adolescents with obesity, but decreased during the follow-up 
period.
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1  |  INTRODUC TION

The ongoing childhood obesity pandemic is coupled with a decline in 
the age of onset of obesity complications.1,2 Type 2 diabetes as one 
of these complications has an important impact on global health and 
health economics.3,4 Impaired glucose tolerance (IGT) and impaired 
fasting glucose (IFG) are different forms of impaired glucose metab-
olism that have been identified as forewarnings of type 2 diabetes.5

The prevalence of impaired glucose metabolism in children and 
adolescents has been investigated in a number of studies with varying 
results.6 High prevalence of IGT in children and adolescents with obe-
sity has been reported from the US with around 25%,7 Bangladesh 
with 16%–20%8 and Spain with 15%.9 Other studies describe high 
prevalence of any kind of impaired glucose metabolism with 25% 
from the US,10 over 20% from Sri Lanka,11,12 or 12.7% in girls with ab-
dominal obesity in South India.13 IFG according to American Diabetes 
Association criteria has been described to be high in Swedish children 
and adolescents with obesity with 17.1% compared with 5.7% in a 
German childhood obesity registry.14 The highest prevalence num-
bers have been reported from a centre specialised on the treatment of 
children and adolescents with severe obesity in Stockholm, Sweden, 
where over 50% of the patients showed some form of impaired glu-
cose metabolism.15 These findings have led to concerns that the risk 
for development of type 2 diabetes in Swedish children and adoles-
cents with obesity might be particularly high and result in high preva-
lence of type 2 diabetes in future adult generations in Sweden.

In the present study, we have followed up this concern by inves-
tigating a Swedish childhood obesity cohort and comparing it with 
an Austrian, which were both included in the Beta-cell function 
in Juvenile Diabetes and Obesity (Beta-JUDO) project. The Beta-
JUDO study includes oral glucose tolerance tests as well as detailed 
characterisation of study subjects regarding family history, medical 
history, perinatal data, information about socioeconomic situation 
and lifestyle patterns. Moreover, the Beta-JUDO cohort does not 
only include children and adolescents with obesity, but in addition a 
cohort of normal weight control subjects at both clinical sites, and it 
provides longitudinal data from a majority of the included subjects.

The aims of the present study were, firstly, to investigate the 
prevalence of impaired glucose metabolism in children and adoles-
cents from two childhood obesity cohorts in Uppsala, Sweden and 
Salzburg, Austria. Secondly, we wanted to compare independent 
risk factors associated with impaired glucose metabolism at baseline 
between the Swedish and Austrian cohorts. Thirdly, we wanted to 
investigate the longitudinal course of impaired glucose metabolism 
and identify risk factors associated with impaired glucose metabo-
lism at follow-up visits.

2  |  METHODS

2.1  |  Study design and setting

The present study consists of a cross-sectional part and a longitudi-
nal follow-up study. Baseline visits were conducted between 2012 

and 2019 and follow-up visits between 2012 and 2021. All included 
subjects were part of the Beta-JUDO cohort, a dual-centre study 
carried out at Uppsala University Children's Hospital in Uppsala, 
Sweden and Paracelsus Medical University Hospital in Salzburg, 
Austria. The Swedish part of the Beta-JUDO cohort consisted of 
children from the Uppsala Longitudinal Study of Childhood Obesity, 
ULSCO.16 All examination procedures were conducted according to 
established standard operating procedures that had been harmo-
nised between study centres.

2.2  |  Study population

The Beta-JUDO cohort included children and adolescents aged 
4–18 years with overweight and obesity and normal weight control 
subjects. Subjects with obesity were screened for participation in 
this study at clinical baseline visits. Normal weight control subjects 
were enrolled through collaboration with local schools as well as 
through advertisement. Referral criteria for subjects with obesity 
differed between the study sites with severe obesity defined as 
BMI-SDS ≥ 3.0 in Uppsala and overweight defined as BMI-SDS ≥ 1.0 
in Salzburg.17 Furthermore, subjects in Uppsala were referred from 
other caregivers, and thereby likely to have received previous exami-
nation and treatment for obesity, whereas subjects with overweight 
or obesity in Salzburg were referred without previous examination 
or treatment. Inclusion criteria were signed informed consent and 
ability to comply with the oral glucose tolerance test protocols. 
Exclusion criteria at baseline were syndromic obesity, total or par-
tial gastric or small intestine resection, diabetes mellitus type 1, 
hypothyroidism or hyperthyroidism unless under stable treatment, 
malignancies, other severe chronic disease as judged by the clinical 
examiner, or concomitant medication influencing weight status or 
blood glucose. After applying all inclusion and exclusion criteria, the 
cross-sectional study cohort consisted of 732 subjects (Figure 1). For 
the longitudinal part of the study, all subjects who had completed at 
least two oral glucose tolerance tests were included in a subgroup 
analysis. Patients receiving standard lifestyle treatment during the 
follow-up period were included, whereas patients receiving drug 

Key Notes

•	 High prevalence of impaired glucose metabolism has 
previously been observed in Swedish children with 
obesity.

•	 The Swedish children showed poorer metabolic health 
than the Austrian children, and a family history of type 2 
diabetes was associated with impaired glucose metabo-
lism at follow-up visits.

•	 A family history of type 2 diabetes should be considered 
when evaluating the risk of impaired glucose metabo-
lism in children and adolescents with obesity.
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treatment for obesity during the follow-up period were excluded 
from the analysis. After applying all inclusion and exclusion criteria, 
the longitudinal study cohort consisted of 188 subjects (Figure 1).

2.3  |  Anthropometry

Weight in kilograms was assessed with the patient wearing light 
clothing using a standardised, calibrated SECA model 704 scale in 
Uppsala and model 801 scale in Salzburg (SECA, Hamburg, Germany). 
Height in centimetres was measured twice using an Ulmer stadiom-
eter (Busse, Elchingen, Germany) in Uppsala and a SECA model 222 
stadiometer (SECA, Hamburg, Germany) in Salzburg, and the mean 
result was recorded. Waist circumference in centimetres was meas-
ured with a flexible tape midway between the superior border of 
the iliac crest and the lowest rib on the standing patient, and hip 
circumference in centimetres was measured at the greatest cir-
cumference of the hip. Waist to hip ratio was calculated by divid-
ing waist circumference by hip circumference and waist to height 
ratio was calculated by dividing waist circumference by height. Body 
Mass Index (BMI) was calculated as weight in kilograms divided by 
the square of height in meters. Body mass index standard deviation 
score (BMI-SDS) was calculated with Microsoft Excel add-in LMS 

Growth version 2.76 using World Health Organisation 2007 growth 
reference.17 The same software was used to calculate standard de-
viation score for birth weight and birth length as well as for both 
systolic and diastolic blood pressure.18 Systolic and diastolic blood 
pressure in mmHg were assessed by the mean of two measurements 
in sitting position, right arm after 5 min of quiet rest with a CAS 740 
aneroid sphygmomanometer in Uppsala (CAS Medical Systems Inc, 
Branford, CT, USA) and a Carescape V100 aneroid sphygmomanom-
eter in Salzburg (Dinamap Technology/GE, Vienna, Austria). Pubertal 
staging was assessed by the examiner according to Tanner staging 
criteria.19,20

2.4  |  Body composition

Body composition was assessed by bioimpedance assay on a fast-
ing subject who was instructed to empty the bladder before the 
examination. Analysis was conducted using a BC418 bioimpedance 
device (Tanita, Tokyo, Japan) in Salzburg and a MC980 bioimped-
ance device (Tanita, Tokyo, Japan) in Uppsala. Where no data from a 
Tanita bioimpedance device was available, data was obtained from 
some Uppsala subjects using an InBody S20 bioimpedance device 
(Biospace, Seoul, Korea).

2.5  |  Blood sampling

Blood was sampled after a 10-hour overnight fast using an intra-
venous stationary catheter and analysed locally at the respective 
hospital in Uppsala and Salzburg. Validation of analyses was per-
formed between the laboratories in Uppsala and Salzburg using 
reference blood samples. Local anaesthesia with Eutectic Mixture 
of Local Anaesthetics (EMLA, AstraZeneca AB, Södertälje, Sweden) 
was offered to all subjects before venepuncture. The samples were 
analysed for plasma total cholesterol, plasma high-density lipopro-
tein cholesterol, plasma low-density lipoprotein cholesterol, plasma 
triglycerides, plasma aspartate aminotransferase, plasma alanine 
aminotransferase, plasma gamma glutamyl transferase, plasma high-
sensitive C-reactive protein, serum insulin, blood HbA1c, plasma al-
bumin and serum (25OH)-vitamin D.

2.6  |  Oral glucose tolerance test

Oral glucose tolerance tests were performed as previously de-
scribed16 after an overnight fasting period of at least 10 hours. 
The subjects were instructed to drink a solution containing 1.75 g 
glucose per kilogram bodyweight up to a maximum of 75 g glucose 
within approximately 5 minutes. In Uppsala, the glucose solution 
Glukos APL 75 g (APL, Sweden) was used between 2012 and 2017 
and Top Star 75 (Esteriplas Lda, Portugal) between 2018 and 2021, 
and in Salzburg Glucoral 75 (Germania Pharmazeutika, Austria) was 
used during the whole study period. Blood was drawn at fasting and 

F I G U R E  1  Flow Chart of inclusion and exclusion of patients 
with obesity and control subjects for the cross-sectional and the 
longitudinal part of the study.
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two hours later for glucose and insulin measurements. The subjects 
were advised to adhere to a habitual diet three days prior to the oral 
glucose tolerance test and to avoid heavy physical exercise during 
at least one day prior to the oral glucose tolerance test. In addition, 
the subjects were informed that they should not take any medica-
tions in the morning of blood sampling, unless absolutely necessary. 
During the oral glucose tolerance test, the subjects were forbid-
den to eat or smoke and had to remain sedentary throughout the 
procedure.

2.7  |  Validation of glucose metabolism and 
metabolic derangements

Impaired fasting glucose (IFG) was defined by fasting glucose 
5.6–6.9 mmol/L (100–125 mg/dL) according to American Diabetes 
Association criteria.21 Impaired glucose tolerance (IGT) was defined 
by 2-h glucose between 7.8 and 11.0 mmol/L (140–199 mg/dL). Type 
2 diabetes was defined by fasting glucose ≥ 7.0 mmol/L (126 mg/dL) 
and/or 2-h glucose ≥ 11.1 mmol/L (200 mg/dL). Based on the levels 
of fasting glucose and 2-h glucose, the subjects were divided into 
five groups, as having normal glucose tolerance (NGT), IFG only, 
IGT only, combined IFG and IGT or type 2 diabetes. To assess insu-
lin resistance, homeostatic model assessment for insulin resistance 
(HOMA-IR) was calculated as fasting glucose in mmol/L × fasting 
insulin in μIU/mL/22.5.22 A correction factor generated from a pre-
vious study within the Beta-JUDO cohort was applied to all glucose 
values to compensate for the use of different tubes for blood collec-
tion at the two sites.23 The original Salzburg values measured at the 
Salzburg site were corrected using the following formula (all glucose 
values in mmol/L):

For comparison of insulin values from both sites, the local insu-
lin measurements were re-analysed in the smaller subgroup of pa-
tients who had centrally analysed insulin measurements available. 
The central analysis was conducted from frozen plasma samples 
from both sites at the department of medical cell biology at Uppsala 
University, Sweden.

2.8  |  Questionnaires

All subjects and legal guardians were at the baseline visit asked 
to answer questionnaires regarding medical history, family history, 
nutrition, physical activity, sleeping habits, screen time, well-being, 
stress and relationships. Even the parents' educational level, smok-
ing habits, diseases, actual BMI and highest BMI during lifetime 
were included in the questionnaires.16 Family history of diabetes 
was defined as at least one parent reporting diabetes diagnosis, 
and origin in another country than Austria or Sweden was stated 

when at least one parent and/or the child was born in another 
country than Austria or Sweden. Information from the question-
naires was compared between the groups and used as independ-
ent variables in the univariate and multivariate regression models.

2.9  |  Statistical analysis

Continuous variables are presented as mean values with standard 
deviation for normally distributed variables and median and inter-
quartile range (first quartile; third quartile) for skewed variables. 
For comparison of means between groups in descriptive tables, 
one-way ANOVA with post-hoc analysis was performed. Where 
the criteria of normality were not fulfilled, differences between 
groups were calculated on log-transformed data. However, for 
the sake of interpretation, all data are presented as non-trans-
formed values in descriptive tables. In the cross-sectional part of 
the study, univariate logistic regression was used to study rela-
tion between the dependent variable IGT (defined by elevated 
2-h glucose) and all variables presented in Table 1 as independent 
variables. Only significant variables were included in a backward 
stepwise multivariate logistic regression model. Level of signifi-
cance for elimination was 0.05. From the logistic regression mod-
els, odds ratios and 95% confidence intervals were calculated. In 
the cross-sectional part of the study, all multivariate logistic re-
gression models were adjusted for age, sex, BMI-SDS, ethnic ori-
gin in another country than Austria or Sweden and family history 
of diabetes, and analysis was performed for each site separately. 
For the longitudinal part of the study, univariate and multivari-
ate logistic regression models were performed as described above 
with the dependent variable impaired glucose metabolism (IFG, 
IGT or both) at the follow-up visit and all variables presented in 
Table 1 at baseline as well as sex, ethnic origin in another country 
than Austria or Sweden, family history of diabetes, change in BMI-
SDS during the follow-up period and duration of the follow-up 
period as independent variables. Multivariate logistic regression 
models within the longitudinal part of the study were adjusted for 
duration of the follow-up period. To evaluate the relative strength 
of association of different covariates with impaired glucose me-
tabolism at the follow-up visit, the Wald x2 minus the predictor 
degrees of freedom was plotted. This statistic allows comparison 
of predictors in the same model with different number of param-
eters, with a higher number indicating a stronger association.

Analysis was based on available data only; no imputation of 
missing data was performed. p values < 0.05 were considered statis-
tically significant. Statistical analysis was performed using the soft-
ware IBM SPSS statistics version 25.

2.10  |  Ethical clearance

All protocols and examinations performed within the Beta-JUDO 
study were approved by the Uppsala Regional Ethics Committee 

Salzburg value corrected to Uppsala value

=
[

1.0153∗
(original Salzburg value)

]

+0.2489.
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TA B L E  1  Anthropometric, laboratory and lifestyle parameters according to group.

Uppsala patients (n = 333)
Salzburg patients 
(n = 301)

Uppsala controls 
(n = 43)

Salzburg 
controls (n = 55)

Age (years) 12.96 ± 3.17a 13.21 ± 2.15a 11.60 ± 3.41b 15.45 ± 0.83c

Anthropometry

BMI-SDS 3.15 ± 0.56a 2.81 ± 0.61b −0.17 ± 1.10c 0.36 ± 1.03c

Waist circumference (cm) 105.50 ± 16.67a 101.57 ± 14.22b 65.46 ± 9.58c 77.07 ± 8.92d

Waist to hip ratio 0.98 ± 0.07a 0.95 ± 0.08b 0.86 ± 0.06c 0.83 ± 0.06c

Waist to height ratio 0.66 ± 0.07a 0.63 ± 0.07b 0.44 ± 0.05c 0.45 ± 0.05c

Bioimpedance assay body fat (%) 42.56 ± 6.88a 39.89 ± 7.50b 16.33 ± 1.54c 21.71 ± 7.04c

Glucose metabolism

Fasting glucose (mmol/L) 5.75 ± 0.85a 5.02 ± 0.72b 5.35 ± 0.33c 4.85 ± 0.58b

2-h glucose (mmol/L) 7.78 ± 1.69a 6.77 ± 1.50b 6.40 ± 1.20b 6.19 ± 1.00b

Fasting insulin (pmol/L) 145.9 (104.2; 229.2)a 111.1(83.3; 159.7)b 53.5 (33.3; 61.8)c 48.6 (41.7; 62.5)c

2-h insulin (pmol/L) 1050.43 ± 827.70a 693.66 ± 580.23b 241.36 ± 125.92c 281.34 ± 198.73c

HOMA-IR 5.4 (3.7; 8.3)a 3.4 (2.5; 5.2)b 1.8 (1.1; 2.2)c 1.6 (1.1; 1.9)c

HbA1c (mmol/mol) 35.24 ± 5.63a 35.19 ± 3.93a 34.23 ± 1.95a 34.62 ± 1.83a

Laboratory parameters

Plasma total cholesterol (mmol/L) 4.27 ± 0.86a 4.16 ± 0.83a 3.92 ± 0.66a 3.96 ± 0.75a

Plasma low-density lipoprotein 
cholesterol (mmol/L)

2.74 ± 0.72a 2.29 ± 0.74b 2.18 ± 0.47b,c 1.98 ± 0.64c

Plasma high-density lipoprotein 
cholesterol (mmol/L)

1.07 ± 0.34a 1.33 ± 0.32b 1.33 ± 0.24b 1.63 ± 0.36c

Plasma triglycerides (mmol/L) 1.32 ± 0.71a 1.20 ± 0.65a 0.64 ± 0.23b 0.76 ± 0.47b

Plasma aspartate aminotransferase 
(μkat/L)

0.55 ± 0.27a 0.46 ± 0.17b 0.51 ± 0.13a,b 0.43 ± 0.09b

Plasma alanine aminotransferase 
(μkat/L)

0.46 (0.33; 0.68)a 0.38 (0.30; 0.53)b 0.27 (0.22; 0.32)c 0.28 (0.23; 0.33)c

Plasma gamma glutamyl transferase 
(μkat/L)

0.39 ± 0.25a 0.35 ± 0.24a 0.21 ± 0.06b 0.26 ± 0.08b

Plasma high-sensitive c-reactive 
protein (mg/L)

2.6 (1.3; 5.6)a 2.1 (1.0; 4.8)a 0.2 (0.2; 0.4)b 0.4 (0.2; 0.8)b

Plasma albumin (g/L) 39.35 ± 2.95a 45.34 ± 3.28b 38.42 ± 2.01a 46.18 ± 2.34b

Serum Vitamin D (nmol/L) 43.58 ± 17.23a 44.87 ± 19.13a 54.11 ± 8.45a,b 60.26 ± 13.60b

Blood pressure

Systolic blood pressure standard 
deviation score

0.61 ± 0.93a 0.49 ± 1.27a −0.37 ± 0.77b −0.87 ± 1.02b

Diastolic blood pressure standard 
deviation score

1.71 ± 0.98a 1.06 ± 1.07b 1.23 ± 0.83b 0.05 ± 0.74c

Perinatal development

Birth weight standard deviation 
score

0.76 ± 1.40a 0.00 ± 1.19b 0.23 ± 0.90a,b 1

Birth length standard deviation 
score

0.45 ± 1.03a 0.25 ± 1.21a 0.13 ± 1.06a 1

Breast feeding (months) 6 (3; 9)a 4 (1; 9)a 6 (5; 9)a 1

Lifestyle patterns

Physical activity (hours/week) 4.9 ± 3.6a 5.0 ± 3.9a 7.3 ± 5.9a 1

Screen time (hours/week) 38.6 ± 25.4a 29.7 ± 23.0b 23.1 ± 10.6b 1

Sleeping time weekday (hours/
night)

8.42 ± 1.38a 8.85 ± 1.11b 8.83 ± 1.06a,b 1
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(registration numbers 2010/036 and 2012/318) and the Salzburg 
Ethics Committee (EK1544/2012). Informed and written consent 
was obtained from legal guardians and for adolescents ≥12 years 
of age also from the adolescents themselves. Participation in the 
cohort is voluntary, and consent can be withdrawn at any time by 
children or adolescents and legal guardians without having to state 
a reason.16

3  |  RESULTS

3.1  |  Prevalence of impaired glucose metabolism at 
baseline

In Uppsala patients, 28% had NGT, whereas 72% had some form of 
impaired glucose metabolism at baseline. In Salzburg patients, 76% 
had NGT and 24% had some form of impaired glucose metabolism. 
In Uppsala control subjects, 70% had NGT and 30% had some form 
of impaired glucose metabolism. In Salzburg control subjects, 87% 
had NGT and 13% had some form of impaired glucose metabolism 
(Figure 2). Of 16 patients with type 2 diabetes in the whole cohort, 
13 patients were from Uppsala and three from Salzburg. Six patients 
with type 2 diabetes were diagnosed based on 2-h glucose levels 
alone, three patients on fasting glucose levels alone, and seven 

patients had both fasting glucose and 2-h glucose levels above cut-
off levels for type 2 diabetes.

There were no significant differences in age or sex distribution or 
in the proportion of patients who had a parent with type 2 diabetes 
between Uppsala patients and Salzburg patients. The proportion of 
subjects who were born abroad or had at least one parent who was 
born abroad was significantly higher in Salzburg patients with 49% 
compared to Uppsala patients with 33%. Control subjects were older 
in Salzburg compared with Uppsala, but there were no significant 
differences in sex distribution between the groups. Other anthro-
pometric, laboratory and lifestyle parameters of the four groups and 
differences between the groups are shown in Table 1. In summary, 
Uppsala patients scored significantly worse compared to Salzburg 
patients on most and equal on some metabolic and lifestyle param-
eters measured. Even Uppsala control subjects scored significantly 
worse compared to Salzburg controls on some and equal on the rest 
of metabolic parameters measured.

3.2  |  Risk factors associated with impaired glucose 
metabolism at baseline

All laboratory, anthropometric and lifestyle parameters presented in 
Table 1 and additionally sex, family history of diabetes and origin in 

Uppsala patients (n = 333)
Salzburg patients 
(n = 301)

Uppsala controls 
(n = 43)

Salzburg 
controls (n = 55)

Sleeping time weekend (hours/
night)

9.33 ± 1.41a 9.97 ± 1.47b 9.59 ± 0.76a,b 1

Family history

Actual BMI mother (kg/m2) 29.98 ± 5.89a 27.75 ± 6.54a 23.59 ± 3.60b 1

Max BMI mother (kg/m2) 35.87 ± 7.69a 30.24 ± 8.33b 23.57 ± 2.14c 1

Actual BMI father (kg/m2) 30.77 ± 5.59a 30.17 ± 7.04a 24.96 ± 2.84b 1

Max BMI father (kg/m2) 33.49 ± 5.87a 30.53 ± 6.07b 25.49 ± 3.45c 1

Note: Values are presented in the format mean ± standard deviation for normally distributed variables and median (first quartile; third quartile) for 
skewed variables. Values in the same row not sharing the same subscript are significantly different at p < 0.05 in the two-sided test of equality for 
column means. Cells with no subscript are not included in the test. Tests are adjusted for all pairwise comparisons within a row using the Bonferroni 
correction. 1. Missing data.
Abbreviations: BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; SDS, standard deviation score.

TA B L E  1  (Continued)

F I G U R E  2  Glucose tolerance at 
baseline in patients with obesity and 
normal weight control subjects from the 
two Beta-JUDO cohorts.
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another country than Austria or Sweden were included in logistic re-
gression analysis. For the Uppsala cohort, independently significant 
variables associated with the outcome IGT at baseline in a multivari-
ate logistic regression model were fasting glucose (OR 3.08, 95% CI 
1.41–6.77, p = 0.005), HbA1c (OR 1.15, 95% CI 1.03–1.29, p = 0.015), 
2-h insulin (OR 1.00, 95% CI 1.002–1.004, p < 0.005), fasting insulin 
(OR 0.99, 95% CI 0.99–1.00, p < 0.005) and Swedish origin (OR 2.78, 
95% CI 1.37–5.64, p = 0.005). For the Salzburg cohort, significant 
variables were 2-h insulin (OR 1.00, 95% CI 1.002–1004, p < 0.005) 
and fasting insulin (OR 0.99, 95% CI 0.98–1.00, p = 0.032). There 
were no changes in significant variables when the models were cor-
rected for pubertal status instead of age. None of the other anthro-
pometric, laboratory or lifestyle parameters presented in Table  1 
showed any independent significant associations with IGT in the 
multivariate logistic regression models at baseline.

3.3  |  Longitudinal data from a subgroup analysis

The longitudinal analysis was conducted in a subgroup consist-
ing of 188 subjects (Figure  1). Mean follow-up time was 2.1 years 
(0.1–8.3 years). Mean age at baseline in the subgroup was 12.6 years 
(4.9–19.0 years) and mean age at the follow-up visit was 14.7 years 
(7.7–19.9 years). Mean change in BMI-SDS was −0.1 (−1.3–0.8). 

The prevalence of different forms of impaired glucose metabolism 
at baseline and at the follow-up visits is presented in Figure 3 for 
each site separately. For each subject, glucose metabolism at base-
line was compared with glucose metabolism at the follow-up visit 
and categorised to have improved, worsened or to be unchanged. 
Categorisation was based on the assumption that the different 
states of impaired glucose metabolism from NGT over the isolated 
forms and then combined IFG and IGT to type 2 diabetes repre-
sent disease progression in the mentioned order.11 Of 188 patients, 
n = 58 (30.9%) had improved glucose metabolism and n = 34 (18.1%) 
had worsened glucose metabolism at the follow-up visit, while glu-
cose metabolism was unchanged in n = 96 patients (51.1%).

3.4  |  Risk factors associated with impaired glucose 
metabolism at the follow-up visit

Variables significantly associated with the outcome impaired glu-
cose metabolism (IFG, IGT or both) at the follow-up visit in univari-
ate logistic regression models including the whole follow-up cohort 
are presented in Table 2A. None of the other baseline variables pre-
sented in Table 1 showed any significant associations with impaired 
glucose metabolism at the follow-up visit, and neither did sex or ori-
gin from another country than Austria or Sweden.

F I G U R E  3  Glucose tolerance at 
baseline and at the follow-up visit. (A) 
Uppsala patients. (B) Salzburg patients.
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In a multivariate logistic regression model including the whole 
follow-up cohort and adjusted for duration of the follow-up period, 
belonging to the centre in Uppsala showed the strongest associa-
tion with the outcome impaired glucose metabolism at the follow-up 
visit, followed by family history of diabetes (Figure 4). Other signifi-
cant variables were 2-h glucose at baseline and plasma alanine ami-
notransferase at baseline (Table 2B).

4  |  DISCUSSION

The present study shows that the prevalence of impaired glucose 
metabolism was extraordinarily high in a cohort of children and 
adolescents with severe obesity from Uppsala, Sweden. The study 
not only corroborates the previously reported high prevalence of 
above 50% of impaired glucose metabolism in Swedish children with 
obesity,15 but reports 72% of impaired glucose metabolism in these 
children. The present study also confirms previous findings that 
the prevalence of IFG was higher in Swedish children with obesity 

compared with German and Austrian children with obesity,14,24 and 
shows that a similar difference in prevalence exists even for IGT and 
type 2 diabetes. Furthermore, also the Uppsala control subjects had 
higher fasting glucose, higher diastolic blood pressure, lower HDL 
cholesterol and lower albumin than the Salzburg control subjects. 
These findings indicate that even normal weight Swedish children 
might be in a poorer metabolic state compared with normal weight 
Austrian children.

Underlying environmental causes for the observed differences 
in prevalence have been discussed, such as the consumption of 
milk cereal drinks in Swedish infants25 or elevated levels of per- and 
polyfluoroalkyl substances delivered by Uppsala drinking water.26,27 
Another factor of interest is physical activity, as Swedish children 
and adolescents with obesity have been shown to be less physically 
active than normal weight Swedish children,28 and cardiorespiratory 
fitness of Swedish children with and without obesity has worsened 
over time.29,30 Also, analysis of the Beta-JUDO study showed that 
both a lower degree of moderate to vigorous physical activity and a 
higher degree of sedentary time were associated with the metabolic 
syndrome independently of each other.31 In the present study, nei-
ther physical activity nor any other of the investigated lifestyle or 
socioeconomic parameters could explain the observed differences 
in the prevalence of impaired glucose metabolism between the sites. 
Uppsala patients reported more screen time and shorter sleep dura-
tion compared with Salzburg patients, whereas self-reported physi-
cal activity was comparable between the two groups. Nevertheless, 
in multivariate regression analysis none of the investigated lifestyle 
parameters showed any significant associations with impaired 
glucose metabolism neither at baseline nor at the follow-up visit. 
Besides belonging to the study site Uppsala, having a parent with 
type 2 diabetes was instead the strongest risk factor for developing 

TA B L E  2  Risk factors associated with impaired glucose 
metabolism at the follow-up visit. (A) Variables significantly 
associated with impaired glucose metabolism at the follow-up visit 
in univariate logistic regression analysis. (B) Variables significantly 
associated with impaired glucose metabolism at the follow-up visit 
in a multivariate logistic regression model adjusted for duration of 
the follow-up period.

OR (95% CI)
p 
value

(A)

Centre (Uppsala vs. Salzburg) 16.75 (7.25–38.70) 0.000

Family history of diabetes 3.15 (1.27–7.83) 0.013

Highest reported BMI of the 
mother during lifetime

1.08 (1.03–1.14) 0.002

Duration of follow-up period 1.42 (1.10–1.84) 0.007

Fasting glucose at baseline 6.43 (3.31–12.47) 0.000

2-h glucose at baseline 1.88 (1.47–2.40) 0.000

2-h insulin at baseline 1.00 (1.000–1.001) 0.009

HbA1c at baseline 1.11 (1.00–1.23) 0.044

Plasma high-density lipoprotein 
cholesterol at baseline

0.13 (0.04–0.42) 0.001

Plasma alanine amino transferase at 
baseline

4.54 (1.91–10.76) 0.001

Plasma albumin at baseline 0.83 (0.76–0.90) 0.000

Diastolic blood pressure standard 
deviation score at baseline

1.43 (1.07–1.92) 0.014

(B)

Centre (Uppsala vs. Salzburg) 12.04 (4.18–34.73) 0.000

Family history of diabetes 5.08 (1.46–17.67) 0.011

2-h glucose at baseline 1.44 (1.07–1.94) 0.017

Alanine amino transferase at 
baseline

3.59 (1.21–10.63) 0.021

Duration of follow-up period 1.09 (0.81–1.48) 0.576

F I G U R E  4  Relative importance of each variable in the 
multivariable model for impaired glucose metabolism at the follow-
up visit (adjusted for duration of the follow-up period). Importance 
measured as Wald chi-square statistic minus the predictor degrees 
of freedom (d.f.).
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impaired glucose metabolism during the follow-up period within the 
longitudinal subgroup analysis.

However, the prevalence of impaired glucose metabolism was 
lower at the follow-up visit compared with baseline at both sites 
besides minor changes in BMI-SDS. This corroborates previous re-
sults from a longitudinal multicentre analysis of children with obesity 
from a German registry, showing that glucose metabolism nor-
malised during adolescence or early adulthood.32 As the prevalence 
of type 2 diabetes in adults is comparable between Austria with 6% 
and Sweden with 6.9%,33 it is unclear whether the high prevalence 
of impaired glucose metabolism found in Swedish children will track 
into adulthood and eventually lead to increasing prevalence of type 
2 diabetes even in Swedish adults in future generations.

The strength of the present study lies in its detailed characteri-
sation of not only laboratory and anthropometric, but also socioeco-
nomic and lifestyle factors in a relatively large number of children 
and adolescents with obesity and normal weight control subjects 
in a well-harmonised dual-centre study. Furthermore, the present 
study presents longitudinal data including repeated oral glucose 
tolerance tests from children and adolescents with obesity and im-
paired glucose metabolism at the two clinical sites. Limitations of the 
study were selection bias related to different local routines for the 
referral of patients that resulted in different BMI-SDS distribution at 
the two sites, and methodological differences both regarding certain 
blood samples and bioimpedance assay devices. To detect a possible 
ongoing rise in the prevalence of type 2 diabetes in Sweden, addi-
tional longitudinal data from childhood obesity cohorts and preva-
lence data from young adults specifically are of major interest.

However, even if the prevalence of impaired glucose metabolism 
was lower at the follow-up visit compared with baseline, it was still 
alarmingly high particularly in Uppsala patients, and less Uppsala 
patients showed regress to NGT at the follow-up visit compared 
with Salzburg patients. Irrespective of possible explanations, these 
findings call for strong actions including both primary and secondary 
prevention in children of the general population and with particu-
lar focus on children and adolescents already affected by obesity. 
Besides baseline parameters such as glucose values and alanine ami-
notransferase, family history of type 2 diabetes should be taken into 
account when assessing the risk of children and adolescents with 
obesity to develop impaired glucose metabolism.
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