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ARTICLE

In search of measures to improve the detection of increased cardiometabolic
risk in children using second-generation antipsychotic medications

Kirsi Kakkoa,b, P€aivi Keskinenc,d, Leena Pihlakoskia,b, Raili Salmelina,e and Kaija Puuraa,b

aDepartment of Child Psychiatry, Tampere University Hospital, Tampere, Finland; bFaculty of Medicine and Health Technology, Tampere
University, Tampere, Finland; cDepartment of Paediatrics, Tampere University Hospital, Tampere, Finland; dCenter for Child Health Research,
Tampere University, Tampere, Finland; eFaculty of Social Sciences/Health Sciences, Tampere University, Tampere, Finland

ABSTRACT
Purpose: Second-generation antipsychotic medications (SGAs) are widely used in child psychiatry.
SGA-induced metabolic disturbances are common in children, but monitoring practices need system-
atisation. The study’s aims were to test an SGA-monitoring protocol, examine the distributions of
metabolic measurements compared to reference values in child psychiatry patients, and determine
whether using a homeostasis model for the assessment of insulin resistance (HOMA-IR) and triglycer-
ide/high-density lipoprotein (TG/HDL) ratio could improve the detection of increased cardiometa-
bolic risk.
Materials and methods: A systematic monitoring protocol was implemented. Weight and height,
blood pressure, fasting glucose, insulin, HDL, and TG were measured at baseline and four times during
follow-up. HOMA-IR, TG/HDL ratio and zBMI were calculated. Age-, gender- and BMI-specific percentile
curves for HOMA-IR were used to define elevated cardiometabolic risk.
Results: The study patients (n¼ 55, mean age 9.9 years) were followed for a median of 9months. A
disadvantageous, statistically significant shift, often appearing within the reference range, was seen in
zBMI, TG, HDL, glucose, insulin, HOMA-IR, and TG/HDL ratio. The increase in HOMA-IR appeared earlier
than individual laboratory values and was more evident than the TG/HDL ratio increase. An HOMA-IR
cut point of 1.98 resulted in a sensitivity and specificity of 83%. Compared to a previous study per-
formed in the same location, the monitoring rates of metabolic parameters improved.
Conclusion: The monitoring protocol implementation improved the monitoring of metabolic parame-
ters in child psychiatric patients using SGAs. Using HOMA-IR as part of systematic SGA monitoring
could help detect metabolic adverse effects.
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Introduction

Second-generation antipsychotic medications (SGAs) are
widely used in child psychiatry, and their use has increased
in recent years [1,2]. Multiple studies have reported SGA-
induced metabolic disturbances in children [3–7]. Despite
these findings, monitoring practices of SGA treatment have
remained heterogenous and often insufficient [8–11].

The mechanisms of SGA induced metabolic effects are
not fully understood. Increased appetite is a well-known
adverse effect, but sedation and physical inactivity may fur-
ther contribute to weight gain and metabolic effects [12–14].
SGAs have also direct effects on lipid and glucose metabol-
ism [12,13]. SGA treatment in children increases the risk for
type 2 diabetes by two to threefold compared to peers
[4,15]. In children and adolescents, the risk seems to emerge
already during the first year of treatment, and longer and
cumulative exposure further elevates it [4,15]. A recent study
showed changes in body adiposity and insulin sensitivity
arising already during the first 12weeks of SGA treatment

[6]. An adverse development in metabolic parameters, such
as body mass index (BMI), fasting plasma triglycerides (TG),
fasting high-density lipoprotein (HDL) and fasting glucose,
has been reported in several studies, and also in naturalistic
clinical samples [7,11,16]. However, recognition of these dis-
advantageous changes can be hard, especially in the early
stages, when laboratory values remain within the reference
ranges [11]. New tools for the early detection of metabolic
risk are needed in clinical work [6]. Early identification of
developing insulin resistance (IR) has been suggested as one
approach [17,18]. The homeostasis model for the assessment
of IR (HOMA-IR) is an indirect marker which is based on the
relationship of fasting glucose and insulin levels, with higher
values representing more severe IR and increased cardiome-
tabolic risk [18]. HOMA-IR correlates well with the euglyce-
mic-hyperinsulinemic clamp, which is considered the gold
standard for measuring IR [19,20]. HOMA-IR is also usable in
repeated measures and enables the detection of individual
changes in glucose tolerance [19,20]. Triglyceride/high-
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density lipoprotein ratio (TG-HDL ratio) has also been pro-
posed for the assessment of impaired glucose tolerance and
cardiometabolic risk in children [21–23]. However, growth
and development induce physiological changes in insulin
metabolism, and also overweight promotes IR [18]. Due to
these facts, specific HOMA-IR and TG/HDL ratio cut points for
children have been hard to establish [18,22]. Age- and gen-
der-specific percentile HOMA-IR distributions for normal
weight and obese or overweight children take these facts
into account [18]. However, risk-indicating cut points could
be more usable in clinical settings.

The current heterogenous follow-up practices of SGA
treatment in children do not sufficiently support the early
identification of cardiometabolic risk [8–11]. In a previous
study of child psychiatric patients at Tampere University
Hospital (TAUH), Finland, SGA monitoring practices were
found to be diverse [11]. Therefore, a systematic monitoring
protocol aiming to improve the safety of the SGA treatment
of child psychiatric patients was implemented in 2015.

Aims

The first aim of this study was to find out how the system-
atic SGA monitoring protocol was followed in a clinical set-
ting. The second aim was to compare the observed
distributions of metabolic measurements in SGA-treated chil-
dren with reference values. The third aim was to examine
whether combinations of metabolic measurements such as
HOMA-IR and TG/HDL ratio could improve the detection of
increased cardiometabolic risk.

Material and methods

This study was part of a prospective intervention study con-
ducted at the child psychiatric unit of TAUH from 15 January
2015 to 31 January 2019. Patients were recruited to the
study by attending physicians when initiating or switching
SGA. Other clinical decisions aside from the SGA monitoring
were not influenced. The inclusion criterium was a maximum
age of 13.0 years when entering the study and at least one
documented follow-up visit after the baseline (BL). Informed
written consents were given by all patients over 7 years of
age at the BL and by legal guardians of all patients.

Before the study period, with permission of the original
authors, a physicians’ handbook and monitoring form were
translated from the Canadian original publication
“A Physician Handbook for Metabolic Monitoring for Youth
with Mental Illness treated with Second-Generation
Antipsychotics”, developed by Drs Panagiotopoulos,
Davidson and Raghuram [24]. The documents were then
modified to fit Finnish clinical practices. The intended timing
of follow-up visits and laboratory tests were: (1) at BL, (2)
one month, (3) 4months, (4) 10months, and (5) 16months
after the BL and every six months thereafter. An easy-to-
order set of laboratory tests was used to make the follow-up
easily available. At BL, the monitoring form also guided the
physicians to monitor the patient’s individual risk factors,
physical activity (sports/hobbies) and family history of

somatic (cardiovascular diseases, diabetes) and psychiatric
disorders. During follow-up, the physicians reported all
observed adverse reactions.

If the patient’s weight and height were both measured at
the same visit, the raw body mass index (BMI) was calculated
with the usual formula weight (kg)/height (m)2. However,
children’s BMI and its normal range change during their
growth and therefore BMI cannot directly serve in estimating
potential deviance; growth curves must be applied.
Therefore, the standardised body mass index adjusted for
age and gender (BMI z-score, zBMI), defining the BMI per-
centile of the child at the time of the measurement, was cal-
culated using the formula ((rawBMI/muBMI)nuBMI � 1)/
(nuBMI� sigmaBMI), where muBMI, nuBMI, and sigmaBMI
were retrieved from the Finnish national growth reference
tables [25]. In addition, based on the recommendations of
the International Obesity Task Force expert panel, these BMI
percentiles were compared to the curves passing through
BMIs of 25 and 30 kg/m2 at the age of 18 years, defining the
limits for overweight and obesity, respectively, for 2–18 year-
olds as well [25]. When at least two zBMIs were available,
minimum and maximum zBMI were calculated and com-
pared. The values were rounded to one decimal to avoid
detecting minimal changes. If the minimum occurred before
the maximum, the patient was considered to have gained
weight, and vice-versa for weight loss.

Blood pressure was measured with automatic blood pres-
sure monitors using a cuff size appropriate to the patient’s
arm circumference. To make the raw systolic and diastolic
blood pressure values of all patients comparable, they were
replaced by percentiles using the categorised height, and
age-, gender- and height-specific reference tables of the
American Academy of Pediatrics’ Clinical Practice Guideline
for Screening and Management of High Blood Pressure in
Children and Adolescents [26]. At each measurement point,
the smaller percentile was selected. Blood pressure was con-
sidered elevated if it was � 90th percentile.

Blood samples were drawn after �12 h fasting, and con-
centrations of plasma glucose, HDL and TGs were assessed
using standard enzymatic methods. Cut points: > 6.1mmol/l
for fasting glucose, � 1.03mmol/l for fasting HDL, and �
1.24mmol/l for fasting TG were used to define increased
metabolic risk according to the National Cholesterol
Education Program [27,28]. For fasting plasma glucose, also a
lower cut point of � 5.6 was used to identify patients with
prediabetes or impaired fasting glucose [29]. For fasting insu-
lin, a cut point of > 25mU/l was used because it is applied
by TAUH laboratory services and it represents fasting insulin
levels of the 99th percentile or above in boys and girls in all
weight groups at the age of 10–11 years [30].

HOMA-IR was calculated using the formula (fasting insulin
(mU/l) � fasting glucose (mmol/l))/22.5 [19]. Further, HOMA-
IR percentile curves specific to age, gender, and dichotom-
ised BMI percentile (normal or overweight/obese) were used
to identify the percentile of each measurement [18]. The cut
point used to define overweight/obesity was the age- and
gender-specific 85th BMI percentile, acquired from the
Finnish national growth reference tables. A patient was
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considered to have increased cardiometabolic risk if the
HOMA-IR percentile was at or above the 75th percentile [18].
TG/HDL ratio was also calculated.

Categorised variables are reported as frequencies (num-
bers of cases or percentages, as appropriate). For normally
distributed continuous variables, means (M) and standard
deviations (SD) are given. Medians and quartiles (Md, Q1, Q3)
are reported for non-normally distributed continuous varia-
bles. To test the statistical significance of differences
between groups, Pearson’s Chi–Square test, Fisher’s exact
test, the Mann–Whitney U test or the Kruskal–Wallis test
were used, as appropriate. The Wilcoxon one-sample signed-
rank test was applied to examine whether the changes in
zBMI, HDL, and triglyceride values differed statistically signifi-
cantly from zero. Receiver-operating characteristic (ROC) ana-
lysis was used to find the optimal cut point of HOMA-IR and
TG/HDL for screening cardiometabolic risk, caseness being
defined by HOMA-IR percentile. The analysis was repeated
separately for BL and the four first follow-up visits, in which
the number of patients was sufficient. To estimate an overall
cut point, caseness was defined by the HOMA-IR percentile
being at or above the 75th percentile at least once, and both
mean and maximum HOMA-IR and TG/HDL were used. A p-
value of less than 0.05 was considered significant, a value
between 0.05 and 0.10 was indicative and values up to 0.10
are reported. SPSS Statistics, version 25 (IBM Corporation,
New York, USA) was used for all the statistical analyses.

Results

Fifty-five children (76% males, n¼ 42) with a mean age of
9.9 years (SD 1.8, min 5.9, max 13) participated in the study
at BL. The median follow-up time was 9months (Q1 3.6, Q3

19.1, min 0.5, max 33). The most common SGA initiated at
BL was risperidone, followed by aripiprazole and quetiapine
(Table 1). At BL, 84% of the patients were antipsychotic
naive, while the rest (n¼ 8) were switching from one SGA to
another. During the study period, 35% of the patients had
their SGA switched at least once (max twice). Background
information, diagnoses, indications, and concomitant use of
other psychotropic medications are reported in Table 2.
Information concerning hobbies was available for 82%, of
whom 27% had sport as a hobby.

Metabolic testing and parameters at BL are reported in
Table 3. Calculation of zBMI was possible for most patients,
and one-third of them were overweight or obese. The major-
ity of available fasting metabolic laboratory values were
within the normal range. Seven percent of available blood
pressure measurements were elevated or high. Forty percent

of the patients had a higher than normal HOMA-IR percentile
judged by the age-, gender- and BMI-specific reference per-
centiles (Table 3).

During the follow-up, physicians reported weight gain as
an adverse effect at least once in 39% of the patients. The
respective frequencies for reported deviations in laboratory
values were 17%, 15% for fatigue and 7% for neurological
symptoms. The timing of the follow-up visits, the frequency
of metabolic testing and abnormal values during the follow-
up are presented in Table 3. During the first four months
(from BL to T2), the proportion of overweight or obese
patients increased from 30% to 43% and further to 52% at
�10months (Table 3). Comparison of the maximum and min-
imum zBMI was possible for 95% (n¼ 52), and zBMI
increased for 64% of them (Figure 1). However, 42% (n¼ 14)
of the patients who gained weight remained in the normal
weight category (BMI < 25). The median increase in zBMI
was 0.37 (Q1 �0.20, Q3 0.71, p¼ 0.007). One patient did not
have information available for the calculation of any zBMI.

During the follow-up, fasting glucose was rarely over >

6.1mmol/l, but the proportion of patients exceeding the
lower cut point indicating possible prediabetes (� 5.6mmol/
l) was larger, even 29% at T4. Comparison of the maximum
and minimum fasting glucose values was possible for 98%
(n¼ 54). In 56% of them, the value increased, the median
change being 0.40mmol/l (Q1 0.20, Q3 0.70, p< 0.001).
Fasting insulin, TG, HDL and blood pressure values were
quite seldom above the normal limits. Comparison of the
maximum and minimum insulin values was possible in 93%

Table 1. Frequency and doses of second-generation antipsychotics (SGA) pre-
scribed to the study patients (n¼ 55) at baseline (BL) and during follow-up.

BL Follow-up

Dose (mg) Dose (mg)

SGA % Md Q1 Q3 Max % Md Q1 Q3 Max

Risperidone 58 0.25 0.25 0.25 0.50 64 0.50 0.25 0.69 1.50
Aripiprazole 29 2.5 1.0 2.5 2.5 55 5.0 2.5 7.5 15.0
Quetiapine 13 25.0 25.0 25.0 25.0 16 37.7 25.0 100.0 250.0

Table 2. Background factors of the study patients.

%
(n¼ 55)

Caregiver/family
Both biological parents 36
Parental separation 51
Foster care 13

Diagnosis ICD-10 class
Bipolar affective disorder F31 4
Psychotic disorders F20–29 2
Depressive episode F32 4
Obsessive compulsive disorder F42 4
Reaction to severe stress/adjustment disorder F43 4
Developmental disorders F83–84 18
Hyperkinetic disorders F90 49
Conduct/Mixed conduct and emotional disorders F91–92 46
Emotional disorder with onset specific to childhood F93 9
Disorders of social functioning with

onset specific to childhood and adolescence
F94 4

Tic disorders F95 7
Indication for SGA initiation

Aggression and conduct problems 60
Mood swings 42
Psychosis or hallucinations/delusions 22
Anxiety/fears 15
Self-destructive behaviour 13

Other psychotropic medicationa

ADHD medication 40
SSRI 13
Benzodiazepines 2
Melatonin 47

The availability of family history of
Psychiatric disorders 82
Cardiovascular diseases 85
Diabetes 78

aAt least a trial during the study period.
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(n¼ 51) and that of TG and HDL in 98% (n¼ 54). Values
changed for the worse in 75% (n¼ 38) for insulin and in 52%
(n¼ 28) for TG and HDL. The median changes were for insu-
lin 6.0mU/l (Q1 3.0, Q3 10.0, p< 0.001), for TG 0.40mmol/l
(Q1 0.21, Q3 0.62, p< 0.001) and for HDL �0.28mmol/l (Q1

�0.41, Q3 �0.20 p< 0.001).

The median HOMA-IR and TG/HDL ratio increases were
1.47 (Q1 0.25, Q3 2.47, p< 0.001) and 0.25 (Q1 �0.40, Q3 0.79,
p¼ 0.072), respectively (Table 3). The cut points for HOMA-IR
and TG/HDL suggested by the ROC analysis are presented in
Table 4. The overall cut point values for HOMA-IR were 1.47
when the mean (BL-T4) was used and 1.98 when the respect-
ive maximum value was used. In both cases, both sensitivity
and specificity were 83%. The respective cut point values for
TG/HDL were 1.01 and 1.28, resulting in sensitivities and spe-
cificities around 50% (Table 4).

Discussion

This study was part of a prospective intervention study
where a systematic monitoring protocol was introduced to
improve SGA medication safety in child psychiatric patients.
The previous study performed in the same clinical setting
before the monitoring protocol implementation showed that
SGA monitoring practices were irregular, and especially the
BL information was often incomplete [11]. Many studies have
noted the insufficient metabolic SGA monitoring of child psy-
chiatric patients [8–11]. However, there is also promising

Table 3. Age of the patients, frequency of performed metabolic tests, the proportion of abnormal values, and absolute values of derived metabolic parameters
in the study patients at baseline (BL) and follow-up visits (T1–T4).

BL
(n¼ 55)

T1
(n¼ 55)

T2
(n¼ 43)

T3
(n¼ 31)

T4
(n¼ 21)

Mda Q1
a Q3

a Md Q1 Q3 Md Q1 Q3 Md Q1 Q3 Md Q1 Q3

Age (years) 10.1 8.8 11.5 10.3 8.9 11.8 10.5 9.0 11.6 10.7 9.5 12.2 10.6 9.3 12.8
Follow-up time (months) – – – 1.4 1.1 2.0 4.4 3.9 5.7 10.3 7.8 13.2 16.4 11.6 18.4
Proportion of performed metabolic tests

(of all patients in the visit)
% % % % %

zBMI 91 87 98 87 86
Blood pressure 75 84 86 77 86
Fasting
Glucose 87 95 86 77 100
Insulin 82 91 84 77 100
Triglycerides 87 95 86 77 100
HDL 87 95 86 77 100

HOMA-IR
Absolute value 82 91 84 77 100
Percentileb 73 78 79 74 86

TG/HDL 87 95 86 77 100
Proportion of abnormal metabolic parameters

(of those measured)
BMI �25c 30 25 43 52 44
Blood pressure elevatedd 7 4 11 8 6
Fasting
Glucose> 6.1mmol/l 0 4 3 0 0
Glucose � 5.6mmol/l 6 21 27 21 29
Insulin> 25mU/l 0 0 3 4 10
Triglycerides� 1.24mmol/l 4 8 8 17 10
HDL� 1.03mmol/l 2 2 3 4 5

HOMA-IR
Percentileb �75th 40 60 68 57 72

Absolute values of zBMI and derived
metabolic parameters Md Q1 Q3 Md Q1 Q3 Md Q1 Q3 Md Q1 Q3 Md Q1 Q3

zBMI 0.05 �0.66 0.97 0.26 �0.57 0.90 0.58 �0.32 1.28 0.80 �0.35 1.68 0.54 �0.21 1.68
HOMA-IR 1.49 0.92 2.38 1.92 1.33 2.61 2.12 1.68 3.32 2.46 1.29 3.30 2.58 1.62 3.84
TG/HDL ratio 0.94 0.61 1.37 0.91 0.73 1.29 0.93 0.65 1.30 0.92 0.61 1.28 1.11 0.80 1.65

aMedian, lower and upper quartile.
bAge-, gender- and BMI-specific.
cPercentile defined by the Finnish growth curve tables’ age- and gender-adjusted BMI z-score being above the percentile corresponding to BMI 25 kg/m2 at the
age of 18 years.
dPercentile set by the age-, gender- and height-specific reference tables of the American Academy of Pediatrics’ Clinical Practice Guideline for Screening and
Management of High Blood Pressure in Children and Adolescents, being above the �90th percentile.
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Figure 1. The cumulative frequency distribution of the minimum and max-
imum BMI z-score (zBMI) of the study patients.
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evidence that the implementation of systematic protocols
may improve monitoring, especially if they are fitted to local
clinical practices [31]. During this study period, the monitor-
ing protocol was well followed and monitoring rates
improved markedly at BL and during the follow-up com-
pared to those presented in a previous study [11]. Reporting
the family history of cardiometabolic diseases changed from
53% to 82% [11]. The BL monitoring frequency of zBMI
increased from 34% to 91%, and that of lipid/glucose from
39% to 87% [11]. During the follow-up, zBMI and metabolic
laboratory tests results were available at least twice for
almost all patients (93–98%), compared to the respective fig-
ures of 75% and 63% seen in the previous study [11].
However, despite the improvement seen during this study,
especially metabolic testing at BL and blood pressure follow-
up still require attention, as the lack of BL monitoring endan-
gers the early detection of metabolic changes [10].

The study participants were mostly primary school-aged
boys, many of whom were physically inactive. SGAs, most
often risperidone, were prescribed for disruptive behaviour
and/or affect dysregulation. Lack of physical activity together
with SGA-induced appetite increase and disturbances in
behavioural regulation complicate the maintenance of
healthy weight [14,32]. Risperidone has repeatedly been
associated with elevated metabolic risks emerging early dur-
ing the course of treatment and increasing in a dose-
dependent manner [5,15,33]. Doses in this study were mod-
est at BL but increased during the follow-up. As in previous
studies, over half of the patients gained weight, and the
zBMI increase appeared already during the first months of
treatment [6,13]. Even though weight gain was the most
commonly reported adverse effect, it was reported only in
39% of the patients. The fact that 42% of the patients who
gained weight did not reach the BMI cut point for over-
weight can possibly explain this discrepancy. However, even
a lesser weight gain contributes to metabolic and psycho-
social wellbeing and should be registered also in order to
prevent further increase. A similar disadvantageous shift was
seen in fasting glucose, insulin, and lipid values. Also this

shift appeared mostly within the reference ranges. These
findings are in line with our previous study, suggesting that
an unfavourable shift in metabolic parameters can easily be
missed in clinical work [11]. A lower cut point for fasting glu-
cose, recommended for screening of prediabetes in obese
children and adolescents [29] seems to be a more feasible
alarm threshold for increased metabolic risk.

An important finding in this study was that the detection
of the imminent adverse metabolic consequences of SGA
treatment could be improved by using combinations of
metabolic measurements such as HOMA-IR as part of system-
atic monitoring. The absolute values of HOMA-IR increased
during the follow-up. This increase was not solely explainable
with increasing age, because the proportion of children with
age-, gender- and BMI-specific HOMA-IR over the 75th per-
centile also increased markedly. Previous studies with larger
samples have reported an early disadvantageous shift in the
glucose metabolism of children using SGAs [6,15]. The find-
ings of this study show that HOMA-IR could be clinically
effective in detecting this shift, as the change seen in
HOMA-IR seemed to appear earlier compared to individual
metabolic parameters. However, due to age-, gender- and
weight-specific differences in insulin metabolism, specific
risk-indicating cut-points in children have been hard to
establish. HOMA-IR cut points from 2.3 to 3.54 have been
associated with increased cardiometabolic risk in children
and adolescents [17]. A lower cut point of 1.68 has been sug-
gested for normal-weight individuals [18]. According to the
findings of this study, regardless of the patient’s zBMI, an
HOMA-IR cut point as low as 1.98 could represent good sen-
sitivity and specificity for detecting increased cardiometabolic
risk. Aside from HOMA-IR, the absolute values of the TG/HDL
ratio increased during the follow-up. However, these changes
were not as evident as changes seen in HOMA-IR. Compared
to previous studies, where the suggested TG/HDL ratio cut
points indicating increased cardiometabolic risk have varied
between 1.36 and 2.2; the cut points generated in this study
were lower, but their sensitivity and specificity were at a
most average [22,23,34].

Psychiatric disorders are often accompanied by an
unhealthy lifestyle, poor physical health, and even shorter
life expectancy [4,7]. SGA-induced adverse metabolic changes
emerging already in childhood endanger lifelong cardiovas-
cular health [3,7,20]. When SGAs are prescribed to children, a
thorough medical assessment and evaluation of individual
risk factors as well as family lifestyle habits are essential [4].
Lifestyle interventions, parental support, and encouragement
to do physical activity should be presented already at SGA
initiation [14]. The treatment of SGA-induced metabolic con-
sequences is complex and results are not guaranteed [3,20].
Thus, systematic monitoring and prevention are essen-
tial [4,5,9].

Conclusion

The implementation of the systematic protocol improved the
metabolic monitoring of children using SGAs. The use of
HOMA-IR as a part of systematic monitoring may be helpful

Table 4. Results of ROC analyses were performed separately at baseline (BL)
and during follow-up (T1–T4) as well as across these time points (overall cut
point).

BL-T4 overall

Metabolic measure (MM) BL T1 T2 T3 T4
MM

meana
MM
maxb

HOMA-IR
AUC 0.93 0.92 0.89 0.92 0.88 0.90 0.95
Cut point 1.68 1.90 1.90 2.46 2.40 1.47 1.98
Sensitivity 81 81 74 77 77 83 83
Specificity 83 82 73 80 80 83 83

TG/HDL ratio
AUC 0.63 0.74 0.64 0.59 0.89 0.52 0.55
Cut point 0.96 0.89 0.93 0.92 0.92 1.01 1.28
Sensitivity 56 69 57 69 77 51 53
Specificity 58 71 55 70 80 50 50

At each separate time point, caseness was defined by being at or above the
age-, sex- and BMI-specific 75th HOMA-IR percentile. Fulfilling that condition
at any time point defined caseness in calculating the overall cut point.
aEach child’s mean of the metabolic measurements across BL-T4 was used in
the ROC analysis.
bEach child’s maximum value for the metabolic measurements across BL-T4
was used in the ROC analysis.
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in the early detection of metabolic adverse effects, and fur-
ther, in the identification of children in need for additional
monitoring and care. More studies with larger sample sizes
are needed. The results of this study, however, highlight the
need for a critical estimation of the indications, risks and
benefits of SGA treatment in children.

Strengths and limitations

A major strength of this study is the real-life setting of SGA
prescribing and monitoring. The initiation and choice of
medication was based on clinical judgement only. However,
the sample size was small and there was no control group.
On the other hand, the rapid development of weight gain
and insulin resistance is rare in this age group. Mechanisms
of SGA-induced changes in glucose metabolism are complex
and partly unknown. Weight gain is an important mediator,
but SGAs also seem to have direct effects on insulin metab-
olism [12]. It is not possible to say whether the adverse
changes seen in the glucose metabolism of the study
patients resulted from the weight gain, medication, or both.
Simultaneous psychotropic medication, overweight, develop-
mental status, gender, ethnicity, and haemolysis of blood
samples may also have affected the results, so causal rela-
tionships remain partly unresolved. Another limitation of the
study was the lack of data concerning parental BMI and fam-
ily dietary habits. More studies with larger samples are
needed to improve the detection of underlying risk factors.
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