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Abstract
Parental health is associated with children’s health and lifestyles. Thus, the aim of the present study was to assess lifestyle
behaviours of children of parents with insulin resistance (IR) and at risk of type 2 diabetes. 2117 European families from the
Feel4Diabetes-study were identified as being at risk for diabetes with the FINDRISC questionnaire and included in the present
study. One parent and one child per family were included. Parental IR was considered when homeostasis model assessment
(HOMA) was equal or higher than 2.5. Children’s screen-time, physical activity and diet were assessed and clustered by
K-means. Weight and height were measured and children’s body mass index (BMI) was calculated. For children, a Healthy
Diet Score (HDS) was calculated. Linear regression and multilevel logistic regression analyses were performed to assess the
associations between parental IR and children’s lifestyle behaviours in 2021. Children of parents with IR had higher BMI
(p<0.001) and spent more screen time (p =0.014) than those of non-IR parents. Children of parents with IR had a lower
value in the breakfast and vegetable components of the HDS (p=0.008 and p =0.05). Four lifestyle clusters were found.
Children of IR parents had higher odds of being in a non-healthy cluster (OR: 1.19; 95%CI: 1.001-1.437).

Conclusion: Having an IR parent was associated with a high screen time and an increased probability of having an
unhealthy lifestyle pattern in children. These data point out that children’s lifestyles should be assessed in families with IR
parents to provide tailored interventions.

What is Known:

o Children with diabetic or insulin-resistant parents could also develop this condition.

o Unhealthy lifestyles are directly related with insulin resistance even in children.

What is New:

o Children from parents with insulin resistance have higher chances of unhealthy lifestyles.
o A higher BMI was found for those children with an insulin-resistant parent.
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Introduction

Type 2 diabetes (T2D) is globally an important cause of
morbidity and mortality [1]. In 2014, it was reported that
422 million adults had diabetes [2]. However, this estimation
is projected to rise to 642 million by 2040 [1]. Nowadays,
according to the International Diabetes Federation, 9.3% of
the global adult population is estimated to be living with
diabetes [3].

Type 2 diabetes is associated with lifestyle behaviours
such as sedentary behaviours, physical inactivity, consump-
tion of high-energy foods and other as yet unknown factors
[3]. Among all risk factors for T2D, family history of diabe-
tes consistently confirms an increased risk for T2D in both
cross-sectional and longitudinal studies [4, 5].

A state of pre-diabetes is insulin resistance (IR), which
refers to whole-body reduced glucose uptake in response to
physiological insulin levels [6]. It has been observed that
children of parents with IR have significantly higher val-
ues of insulin resistance and obesity than those children of
parents without IR [7]. This could be explained, at least in
part, by genetics as there are more than 120 genetic loci dis-
covered that have been associated with T2D or glucose and
insulin concentrations in European and multi-ethnic popula-
tions [8]. However, in adults, there is no consensus on the
cut-offs that aim to assess IR [9]. The most widely used was
proposed by Matthews et al. [10], considering IR when the
HOMA-IR index is higher than 2.5.

Associations between IR and lifestyle behaviours have
been observed even in children [11]. The main risk factors
for pre-diabetes in children and adolescents are parental dia-
betes, pubertal stage and obesity [12]. Also, parents have
a strong influence on the establishment of their children’s
lifestyle-related behaviours [13]. Some studies showed a
positive relationship between different behaviours of par-
ents and those of their children, as physical activity [14],
screen time [14], food preferences and eating behaviours
[15]. It has been observed that there are patterns of lifestyle
behaviours related with energy balance that may co-occur in
sub-groups of children [16-18]. Among these patterns, the
unhealthy one is usually characterized by unhealthy dietary
habits (e.g. high intake of unhealthy snacks and/or sugary
products among others), high levels of sedentary behaviour
(specially related to screen use) and low levels of physical
activity.

Different studies also suggest that unhealthy lifestyle
behaviours could be related to a higher risk of IR in children
and the development of type 2 diabetes [19, 20]. However,
to our knowledge, this is the first study to assess children’s
lifestyle behaviours depending on parental IR status.

Thus, the main objective of the present study is to assess
lifestyle behaviours, specifically, diet, screen time and
physical activity, of children depending on their parents’ IR
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status in European families at high risk of developing type
2 diabetes.

Methods
Study design and data collection

The Feeld4Diabetes-study was an intervention study aim-
ing to develop, implement and evaluate an evidence-based
and potentially cost-effective and scalable intervention pro-
gramme to prevent type 2 diabetes across Europe, primarily
focusing on families from vulnerable groups, i.e. those from
low socioeconomic status or at exclusion risk. The Feel-
4Diabetes-study was conducted between 2015 and 2019 in
six European countries representing high-income countries
(Belgium and Finland), low-income countries (Bulgaria and
Hungary) and countries under austerity measures (Greece
and Spain). A detailed description of the Feel4Diabetes-
study has been previously published [21].

In the Feel4Diabetes-study, children attending the first
three grades of compulsory education as well as their parents
were recruited to the study. 11,396 families were included
in the study and parents were screened for type 2 diabetes
risk using the FINDRISC questionnaire, a tool developed
to identify subjects at high risk of T2D [21]. FINDRISC
score was obtained based on eight questions related to age,
waist circumference (WC), weight, height, consumption of
fruit and vegetables, physical activity, history of high blood
glucose, family history of diabetes and the use of antihyper-
tensive medication. A family was regarded as “high-risk” if
at least one parent fulfilled the country-specific cut-off point
for FINDRISC. Parents identified as at high risk of type
2 diabetes were invited to participate in the second-stage
screening which included a brief medical check-up. 2537
high-risk families were identified and measured at baseline.

Out of those identified as high-risk families, 2117 fami-
lies were included in the present study. Inclusion criteria
were having complete biochemical data: total cholesterol
(TC), triglycerides (TG), LDL cholesterol (LDL-c) and HDL
cholesterol (HDL-c), Glucose and insulin and blood pressure
data from the parents while having information regarding
screen time, physical activity, diet and anthropometric indi-
ces (weight and height) from the child. Family dyads were
included in this study, i.e. one parent and one child from
each family. In the case of families with more than one child,
children were randomly selected. In families with both par-
ents at risk according to FINDRISC, parents were randomly
selected for each family. However, for those families with
only one parent at risk, that parent was included.

The FeeldDiabetes-study adhered to the Declaration of
Helsinki and was approved by each local ethical commit-
tee. Participants received an information letter in which they
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were informed about the purpose of the study. Written and
signed informed consent was obtained from the parents/
caregivers.

Anthropometricindices

Weight was measured twice in light indoor clothes and with-
out shoes with a calibrated scale (Type SECA 813). Body
height was measured twice with a wall-mounted stadiom-
eter (Type SECA 217). If the difference between the two
measurements was greater than 0.1 cm or 0.1 kg, a third
assessment was carried out. Body mass index (BMI) was
calculated from height and weight (kg/m?2).

Physical activity and screen-time

The family’s energy balance-related behaviours’ question-
naire was fulfilled by one of the parents or caregivers. Par-
ents’ and children’s physical activity was assessed using the
following question: “In the previous week, how many days
were you/was your child active for at least 30 min/day (par-
ent)/ 60 min/day (child) (a) on weekdays, and (b) on week-
end days?”. The term “active” means any type of movement
or physical activity that increases your heart rate or makes
you sweat a little for example cycling, dancing, gardening,
fitness, etc. For weekdays, there was a 6-point scale ranging
from “none” to “five days”. For weekend days, there were
three possible answers ranging from “none” to “two days”.
The information was categorized into days per week.

Regarding screen time, i.e. all activities related to TV/
DVD-watching, use of PC, smartphone, tablet or play-
ing video games, parents’ and children’s screen-time was
assessed using the following question for both, weekdays
and weekend days: “About how many hours per day do you
usually spend on screen activities (excluding work/school)
on weekdays, and (b) on weekend days?”. There was a
10-point scale ranging from “None” to “more than 7 h”, with
30-min and 1-h intervals among the responses.

Parental education

It was obtained by a self-administered questionnaire com-
pleted by parents. This was asked in a scale question rang-
ing from “less than 6 years” to “more than 16 years” of
education.

Feel4Diabetes healthy diet score

A Healthy Diet Score (HDS) for adults was developed by
Virtanen et al. [22]. HDS components were developed
according to the 14 diet-related questions in the Feel4Di-
abetes questionnaire and 12 components were measured:

breakfast, vegetables, fruits and berries, sugary drinks,
whole-grain cereals, low-fat dairy, nuts and seeds, oils and
fats, red meat, sweet snacks, salty snacks and family meals.
Each component included one or two questions about intake
frequencies of each food group or dietary behaviour, i.e.
having breakfast or family meals. For this study, we adapted
the score for adults with the information available from the
children. In this sense, the components nuts and seeds were
not included in the score and the component oil and fats only
included the cooking oils and fats.

The maximum score for each component was based on
its estimated relative importance with regard to risk of type
2 diabetes. A maximum score of 10 was given to break-
fast, vegetables, fruit and berries, sugary drinks, whole-
grain cereals and red meat components, depending on
the responses from the questionnaire for dietary habits. A
maximum score of 8 was given to the frequency of family
meals (including breakfast, lunch and dinner eaten in the
company of a friend, colleague or family member). The rest
of the components, sweet snacks, salty snacks and low-fat
dairy, got a maximum score of 6 except for cooking oils and
fats that had a maximum score of 4. A higher score indi-
cated higher or more frequent consumption, except for sug-
ary drinks, red meat, sweet snacks and salty snacks where
higher scores indicated lower consumption. Total HDS was
calculated as the sum of the component scores. Score ranged
from O to 86; a higher score indicated better quality of the
diet and a maximum score indicated full achievement of the
Feel4Diabetes intervention dietary goals.

Biochemical analysis

Blood samples were drawn in parents after at least 8 h of
overnight fasting. Each biomarker was measured in each
country using the same method. The levels of total choles-
terol (TC), triglycerides (TG) and HDL cholesterol (HDL-c)
were determined by standard enzymatic methods. LDL cho-
lesterol (LDL-c) levels were calculated with Friedewald’s
formula when serum TG was <400 mg/dL. Blood glucose
concentration was measured with the glucose-oxidase
method. Insulin levels were measured via radioimmunoassay
and homeostasis model assessment of insulin resistance
(HOMA-IR) was estimated as fasting serum glucose (mg/
dL) X plasma insulin (pU/mL)/405. IR was considered when
HOMA-IR was equal or higher than 2.5 [10].

Statistical analysis
Normality was checked and Student’s ¢ test and Mann—Whitney

were applied for parametric and non-parametric distri-
butions, respectively. Variables were transformed when
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needed. Descriptive study characteristics are shown as
mean and standard deviations or median (min—max) if not
normally distributed. Two groups were created for parents,
those insulin-resistant, when HOMA-IR was higher than 2.5,
and those parents who are non-insulin resistant, with equal
or lower values than 2.5.

Linear regression was used to assess the association
between continuous parental HOMA (independent) and
children’s behaviours: physical activity (PA), screen time
and HDS (dependent variables), independently. Two models
were created to assess the differences depending on the vari-
ables used for adjustment and to assess the additional effect
of the variables included in the model 2: a crude model
including sex and age of the included parent and the child
and an adjusted model that included the crude model and
the child’s BMI and the parental education for adjustment.

In addition, K-means cluster analysis, considering HDS,
PA and screen-time, was performed to identify clusters of
children with similar lifestyle patterns. The K-means algo-
rithm was applied with a pre-defined maximum of 100 itera-
tions to generate separate cluster solutions for two to six
clusters. In order to find a stable clustering pattern, several
solutions were obtained with different starting seeds. Itera-
tions were generated until no change in cluster centroids was
observed. The stability of the final solution was examined
by randomly splitting the database into half and repeating
the same clustering procedure, until satisfactory results were
observed (a maximum of 84 allocated to different clusters,
representing 3.9% of the total sample). The Z-scores for each
marker of lifestyle behaviour were calculated to standardize
values and to avoid large differences between markers of
lifestyle behaviour. The criteria to choose the clusters were
based on stability of the cluster solution and interpretability.

Finally, multilevel ordinal logistic regression analyses,
considering country as level due to the country-specific
differences, were conducted to investigate the association
between parental IR status (independent), considering non-
insulin resistant as reference, and the obtained clusters of the
child’s lifestyle behaviours ordered by healthiness (depend-
ent variables). Cluster 1 was the healthiest one. Two models
were created; a crude model including sex of the included
parent and the child and an adjusted model that included the
crude model and the child’s BMI and the parental education
for adjustment.

Results

Table 1 online shows the main characteristics of the adult
participants of the study by category of IR. A higher percent-
age of females were allocated in the non-insulin resistance
category in comparison with males (81.4% versus 18.6%).
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Regarding the cardio-metabolic variables, those in the insu-
lin-resistant group had higher mean values (p <0.001) for
the anthropometric indices, BMI, WC, weight and height, for
the blood pressure markers (SBP and DBP) and for all the
biomarkers: TC, LDL-c, HDL-c, TG, glucose, insulin and
HOMA (p <0.001) except for HDL-c were those non-insulin
resistant that had lower mean value (p <0.001).

The mean differences of the children’s lifestyle behav-
iours by parental IR are shown in Table 1. Children of
insulin-resistant parents had higher weight and higher BMI
(p<0.001) than those of non-insulin-resistant parents. There
were no mean differences between children of IR parents and
non-IR parents in total HDS score but those from insulin-
resistant parents had a lower mean value in the breakfast
component and in the vegetable component of the HDS
(p=0.008 and p=0.05, respectively). Also, those from
insulin-resistant parents spent more hours in screen activi-
ties per week than those from non-insulin-resistant parents
(15.09 h versus 16.18, respectively; p=0.014).

Table 2 shows the results from the linear regression
between the continuous parental HOMA (independent)
and the three lifestyle behaviours measured: HDS, physi-
cal activity and screen-time (dependent variables). Parental
HOMA was inversely associated with HDS, but only in the
crude model (= —0.068, 95%CI= —0.336,—0.073). On
the other hand, parental HOMA was directly associated with
screen-time in the crude model and even when adjusting by
age and sex from both parent and child, with child’s BMI
and parental education (#=0.067, 95%CI1=0.073, 0.370).

Out of the k-means cluster analysis, several solutions
were found ranging from two to four clusters. The criteria
to choose the clusters were based on interpretability and
the similar sample’s number found by cluster. Therefore,
the solution with four clusters was chosen (Fig. 1). The
clusters were labelled based on the corresponding z-score
values for the lifestyle behaviours (Table 2 online). Clus-
ter 1 was considered the “healthy” cluster, cluster 2 was
labelled as “active but poor HDS”, cluster 3 was considered
as “low physically active” and cluster 4 was considered as
“screen-timers”.

Finally, Table 3 shows the association between having
an insulin-resistant parent (independent) and the ordered
clusters (dependent). Cluster 1 was considered as the
healthiest option. The odds of being in a higher cluster
(i.e. a less-healthy one) when having an insulin-resistant
parent was 1.23 (95%CI: 1.034-1.479; p =0.020) in the
crude model. In addition, in the full adjusted model, con-
sidering also parental education and child’ BMI along with
age and sex of the measured parent and the child, the odds
of being in a higher cluster increased in 19% when having
an insulin-resistant parent (OR: 1.19; 95%CI: 1.001-1.437;
p=0.049).
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Table 1 Mean differences of the children” body composition and lifestyle behaviours by parental insulin resistance?

Non-insulin resistant*

Insulin-resistant*

n=1445 n=672

Mean or Median SD or min-max Mean or median SD or min-max P value
Age 8.16 0.97 8.25 0.99 0.054
Weight (kg) 28.2 16.9-71.2 29.3 17.3-74.3 <0.001
Height (cm) 130.3 7.82 130.9 8.06 0.125
BMI 16.5 11.2-32.3 17.9 11.7-31 <0.001
Lifestyle behaviours
HDS total (0-86) 49.03 9.44 48.62 8.94 0.338
Breakfast component 10 0-10 10 0-10 0.008
Vegetables component 0 0-10 0 0-10 0.05
Fruits and berries 6 0-10 6 0-10 0.238
Sugary drinks 8 0-10 8 1-10 0.19
Whole-grain cereals 1 0-10 1 0-10 0.315
Low-fat dairy 0 0-6 0 0-6 0.835
Oils and fats for cooking 4 2-4 4 2-4 0.885
Red meat 8 0-10 8 0-10 0.354
Sweet snacks 3 0-6 3 0-6 0.57
Salty snacks 5 0-6 5 0-6 0.429
Family meals 2 0-6 2 0-6 0.808
PA (days 60 min PA) 4.56 2.37 441 2.32 0.189
Screen time (hours per week) 13.5 0-63 15.5 0-58 0.014

Boldface indicates significant p-value (p <0.05)
BMI body mass index, HDS Healthy Diet Score, PA physical activity

*Non-insulin resistant: HOMA less than 2.5; Insulin-resistant: HOMA higher or equal to 2.5

#Values are expressed as mean (standard deviation) or median [min-max] if not normally distributed

Discussion

In the present study, we found significant differences in the
lifestyle behaviours: diet, physical activity and sedentary
behaviour, and the patterns of these lifestyle behaviours of
the children, depending on the presence or not of parental IR.
Children of parents with IR had higher BMI and ate break-
fast and vegetables less frequently compared to children of

non-insulin-resistant parents. Also, higher parental HOMA
was associated with more child’s screen time. Finally, the
odds of being in a less-healthy cluster when having a parent
with IR was 19% higher compared with those children of
non-insulin-resistant parents.

Nowadays, the prevalence of IR varies across countries,
ranging from 15.5 to 46.5% in adults [23, 24]. In the present
study, 31.74% of the families had at least one parent with IR

Table2 Linear regression

- Crude model” Model 1°¢

analysis between

continuous parental HOMA Parental HOMA HDS V] 95%CI p B 95% CI p

(independent) and each childs —0.068 —0.336,—0.073 0.002 —0.039 —0.259,0.022 0.099

lifestyle behaviour indicator

(dependent) PA p 95%CI )/ p 95%CI P
0.005  —0.031,0.039 0.810 —0.039 —0.040,0.039 0.101

Screen time g 95%CI P p 95%CI P

0.09 0.142, 0.407 <0.001 0.067  0.073,0.370  0.003

Boldface indicates significant p-value (p <0.05)
HDS Healthy diet score, HOMA Homeostasis Model Assessment, PA physical activity

#Values are f values and 95% confidence intervals (CI) with p-values

°Crude model: adjusted by age and sex of the children and their parents

“Model 1: adjusted by age and sex of the children and their parents, body mass index of the child and

parental education
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Fig. 1 Clusters of the children’s
lifestyle behaviours: screen

Clusters of lifestyle behaviours

time, physical activity and
healthy diet score, according
to the z-scores of the k-means
obtained for each solution.
Cluster 1: “healthy”, cluster 2:
“active but poor HDS”, cluster
3: “low physically active” and
cluster 4: “screen-timers”

2+

Z-scores

0+

-1+

M Screen time

[ Physical activity
Healthy diet

Dscore

T
Cluster 1

according to Matthews’ cut-off [10]. However, it should be
noted that those included in the present study were selected
based on specific criteria, a minimum score risk for develop-
ing T2D according to the FINDRISC. Thus, the prevalence
in a general European population sample should be lower.

Previous studies have suggested IR differences by sex
with women showing lower prevalence of IR [25]. In our
sample, women had lower prevalence than men, 44.5% and
55.5%, respectively. These findings may be explained by
oestrogen’s role in preventing beta-cell apoptosis, reducing
pro-inflammatory signalling and improving insulin action
[26]. This could, at least partly, explain the differences found
in our sample.

Also, we found significant differences in body composi-
tion according to adults’ IR category as parents with IR had

T T T
Cluster 2 Cluster 3 Cluster 4

higher BMI than the non-insulin-resistant ones. Adipose tis-
sue is characterized by decreased clearance of chylomicrons
and impaired insulin-mediated inhibition of lipolysis, which
could lead to IR [27]. Thus, there is a direct link between
body composition and IR. In addition, in the present study,
we have found significant mean differences in the cardio-
metabolic biomarkers of the parents by the IR categories.
IR is now considered as a marker of metabolic disturbances
and even the primary pathophysiological event that drives
other cardio-metabolic factors to cluster [28].

It is well known the association between family history
of T2D and the risk of children’s diabetes [29]. Specifi-
cally, maternal T2D seems to be a potential risk factor for
developing T2D in children [29]. Consequently, parents
with impaired glucose or insulin metabolism, i.e. IR, could

Table 3 Multilevel logistic

. Cluster lifestyle
regression between the status of
insulin resistance (independent) Crude model® Model 1°¢
of the parents (non-insulin .
resistant versus insulin- HOMA categories OR 95% CI P OR 95% CI )
resistant) and the clusters of the Non-insulin resistant
. T a - - - - - - -
children’s lifestyles (dependent) (Reference)”
Insulin resistant 1.23 1.034-1.479 0.020 1.19 1.001-1.437 0.049

Boldface indicates significant p-value (p <0.05)

#Values are odds ratio and 95% confidence interval with p-values

°Crude model: adjusted by age and sex of the children and their parents

“Model 1: adjusted by age and sex of the children and their parents, body mass index of the child and

parental education

*Non-insulin resistant: HOMA less than 2.5; Insulin-resistant: HOMA higher or equal to 2.5
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have children at risk of IR already. A previous study sug-
gested that children of parents with IR had higher IR and
obesity degree [7]. In our study, children of parents with IR
also had higher BMI in comparison with those from parents
with no IR. Previously, it has been observed that parental
BMI correlates with their children’s [30] and this could be
explained by the genetic and behavioural factors that they
share in the household, among other factors. This could be
explained by the genetic and behavioural factors that they
share in the household. Specifically, the behavioural pat-
tern from the parents could shape the children’s lifestyle
behaviours, as it could be conditioned by the socioeconomic
status, parental education, food availability, parental pref-
erences, parental physical activity and sociocultural influ-
ences, among others [31]. It has been shown that parental
obesity increases the odds of failure to therapeutic lifestyle
change intervention in children and adolescents [32]. Addi-
tionally, it has been suggested that parental history of obesity
could be used as a practical approach to identify children
with cardio-metabolic risk [33]. Furthermore, studies have
demonstrated that parental unhealthy lifestyles have a great
influence on children’s obesity and lifestyles [34, 35]. Thus,
previous literature suggests that there is a clear association
between parental obesity and unhealthy lifestyles in child’s
obesity and cardio-metabolic risk. However, there are no
similar studies assessing the association between parental
IR and child’s anthropometric indices, cardio-metabolic risk
or lifestyle behaviours.

In the present study, children of parents with IR ate break-
fast less frequently than those from no-IR parents. A meta-
analysis observed that skipping breakfast is associated with a
significantly increased risk of type 2 diabetes in adults [36].
Thus, those children of IR parents could probably be influ-
enced by their parental breakfast behaviour. On the other
hand, a previous study suggested that children with daily
breakfast consumption had lower levels of insulin resist-
ance [37]. So, enhancing breakfast consumption could have
benefits for children and adults regarding IR. Also, children
of insulin-resistant parents had a higher screen time and
this behaviour in children was also associated with parental
HOMA-IR. In adults, IR has been associated with physi-
cal inactivity [38], so it can be expected that their children
present also higher levels of physical inactivity and seden-
tary behaviours. Intensive lifestyle behavioural interventions
for adults with impaired glucose tolerance have shown that
progression to type 2 diabetes can be reduced by half [39].
Thus, a causal link between lifestyle behaviours and diabe-
tes risk has been suggested [40]. Also, it has been observed
that meeting the recommendations for the individual lifestyle
components like diet [41, 42], PA [43] or sedentary behav-
iours [44] is inversely associated with the risk of diabetes in
adults. In the present study, those children of parents with IR
had higher probabilities of an unhealthy lifestyle pattern. As

parents with diabetes risk already show unhealthy lifestyles,
results suggest that there is an unhealthy family environment
that could lead to an increased risk even for the children,
especially considering that IR and obesity may be the earli-
est manifestations in children of IR parents [7].

The present study has some limitations. Firstly, par-
ents were selected from high-risk families, with a high
FINDRISC score, so there was a bias as the parents were
selected for being at risk and, therefore, in the prevalence
of IR. Moreover, most of the participating parents were
women and, as mentioned before, oestrogen could have
a role improving insulin action, suggesting that in a sex-
balanced sample IR prevalence could be higher. Also, data
from physical activity was obtained by questionnaires and
the HDS has not been validated for children. On the other
hand, there are some strengths in the present study. Firstly,
we used data from a large European cohort of schoolchildren
of six countries and their families. Secondly, all question-
naires were developed in English then culturally adapted to
each language and back translated to English and again to
the local language as a quality assessment method and all the
measurements were standardized across countries and per-
formed by trained researchers. Finally, this is the first study
to assess the association between parental IR and child’s
lifestyle behaviours.

Conclusion

In conclusion, children of parents with IR had higher BMI
and higher screen-time than children of non-insulin-resistant
parents. Screen-time was also associated with parental
HOMA. This study suggests that having an insulin-resistant
parent increases the probabilities of having an unhealthy
lifestyle pattern in children. Thus, in those families with an
insulin-resistant parent, the children’s lifestyle behaviours
should be assessed as these could be associated with an
unhealthy family environment. Further research is needed,
using these results, to develop interventions to reduce the
risk of diabetes in children in at-risk clusters.
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Acknowledgements The authors would like to thank all families
who participated and the members of the Feel4Diabetes-study Group
(online material). We gratefully acknowledge the financial support of
the European Community.

Authors' contributions EMGG, NGL and LM conceptualized and
designed the study, collected the data, carried out the initial analyses,
drafted the initial manuscript and revised the manuscript. GC, VI, RI,
KM, YM and LM designed the data collection instruments, coordinated
and supervised data collection and reviewed the manuscript. GC, CM,
JK, VI, TT, SL, KM, PS, PT, ED, PC and YM critically reviewed the

@ Springer


https://doi.org/10.1007/s00431-022-04449-0

European Journal of Pediatrics

manuscript for important intellectual content. All authors have read and
approved the final version of the manuscript and agree with the order
of presentation of the authors.

Funding Open Access funding provided thanks to the CRUE-CSIC
agreement with Springer Nature. Supported by the European Union’s
Horizon 2020 research and innovation programme under grant agree-
ment n°643708. The funding body was not involved in the development
of the study design, the collection, analysis and interpretation of data
nor in the writing of the manuscript. The content of this article reflects
only the authors’ views and the European Community is not liable for
any use that may be made of the information contained therein. EMGG
was supported by the Ministerio de Ciencia and innovacion (Juan de la
Cierva Formacién grant, FJCI-2017-34967).

Availability of data and materials Data not available due to ethical
restrictions.

Code availability Not applicable.

Declarations

Ethics approval The Feel4Diabetes-study adhered to the Declaration of
Helsinki and the conventions of the Council of Europe on human rights
and biomedicine and was approved by each local ethical committee.
More specifically, in Belgium, by the Medical Ethics Committee of the
Ghent University Hospital (ethical approval code: B670201524237;
date approval: 21/04/15); in Bulgaria, by the Ethics Committee of the
Medical University of Varna (ethical approval code: 52/10-3-201r;
date approval: 10/03/16) and the Municipalities of Sofia and Varna, as
well as the Ministry of Education and Science local representatives; in
Finland, by the hospital district of Southwest Finland ethical committee
(ethical approval code: 174/1801/2015; date approval: 13/03/15); in
Greece, by the Bioethics Committee of Harokopio University (ethical
approval code: 46/3—4-2015; date approval: 03/04/15) and the Greek
Ministry of Education; in Hungary, by the National Committee for Sci-
entific Research in Medicine (ethical approval code: 20095/2016/EKU;
date approval: 29/03/16); and in Spain, by the Clinical Research Ethics
Committee and the Department of Consumers’ Health of the Govern-
ment of Aragdn (ethical approval code: CP03/2016; date approval:
08/04/15).

Consent to participate Participants received an information letter in
which they were informed about the purpose of the study. Written and
signed informed consent was obtained from the parents/caregivers.

Consent for publication All authors have read and approved the final
version of this manuscript and agree with the contents of the manu-
script.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Zheng Y, Ley SH, Hu FB (2018) Global aetiology and epidemi-
ology of type 2 diabetes mellitus and its complications. Nat Rev
Endocrinol 14:88-98

2. (NCD-RisC) NRFC (2016) Worldwide trends in diabetes since
1980: a pooled analysis of 751 population-based studies with 4.4
million participants. Lancet (London, England) 387

3. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin
N, Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw
JE, Bright D, Williams R (2019) Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045:
Results from the International Diabetes Federation Diabetes Atlas,
9(th) edition. Diabetes Res Clin Pract 157:107843

4. Lyssenko V, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T,
Berglund G, Altshuler D, Nilsson P, Groop L (2008) Clinical risk
factors, DNA variants, and the development of type 2 diabetes. N
Engl J Med 359:2220-2232

5. Lyssenko V, Almgren P, Anevski D, Perfekt R, Lahti K, Nissén
M, Isomaa B, Forsen B, Homstrom N, Saloranta C, Taskinen MR,
Groop L, Tuomi T (2005) Predictors of and longitudinal changes
in insulin sensitivity and secretion preceding onset of type 2 dia-
betes. Diabetes 54:166—174

6. Nadeau KJ, Anderson BJ, Berg EG, Chiang JL, Chou H, Copeland KC,
Hannon TS, Huang TTK, Lynch JL, Powell J, Sellers E, Tamborlane
WYV, Zeitler P (2016) Youth-onset type 2 diabetes consensus report:
current status, challenges, and priorities. Diabetes Care 1635-1642

7. Pankow JS, Jacobs DR Jr, Steinberger J, Moran A, Sinaiko AR
(2004) Insulin resistance and cardiovascular disease risk factors
in children of parents with the insulin resistance (metabolic) syn-
drome. Diabetes Care 27:775-780

8. Prasad RB, Groop L (2015) Genetics of type 2 diabetes-pitfalls
and possibilities. Genes 6:87-123

9. Wallace TM, Levy JC, Matthews DR (2004) Use and abuse of
HOMA modeling. Diabetes Care 27:1487-1495

10. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC (1985) Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 28:412—419

11. Henderson M, Benedetti A, Barnett TA, Mathieu ME, Deladogy
J, Gray-Donald K (2016) Influence of adiposity, physical activ-
ity, fitness, and screen time on insulin dynamics over 2 years in
children. JAMA Pediatr 170:227-235

12. Reinehr T, Wabitsch M, Kleber M, de Sousa G, Denzer C,
Toschke AM (2009) Parental diabetes, pubertal stage, and extreme
obesity are the main risk factors for prediabetes in children and
adolescents: a simple risk score to identify children at risk for
prediabetes. Pediatr Diabetes 10:395-400

13. Te Velde SJ, Singh A, Chinapaw M, De Bourdeaudhuij I, Jan N,
Kovacs E, Bere E, Vik FN, Bringolf-Isler B, Manios Y, Moreno L,
Brug J (2014) Energy balance related behaviour: personal, home-
and friend-related factors among schoolchildren in Europe studied
in the ENERGY-project. PLoS One 9:e111775

14. Sigmundova D, Badura P, Sigmund E, Bucksch J (2018) Weekday-
weekend variations in mother-/father-child physical activity and
screen time relationship: a cross-sectional study in a random sam-
ple of Czech families with 5- to 12-year-old children. Eur J Sport
Sci 18:1158-1167

15. Anzman SL, Rollins BY, Birch LL (2010) Parental influence on
children’s early eating environments and obesity risk: implications
for prevention. Int J Obes (Lond) 34:1116-1124

16. Leech RM, McNaughton SA, Timperio A (2015) Clustering of
diet, physical activity and sedentary behaviour among Austral-
ian children: cross-sectional and longitudinal associations with
overweight and obesity. Int J Obes (Lond) 39:1079-1085


http://creativecommons.org/licenses/by/4.0/

European Journal of Pediatrics

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Miguel-Berges ML, Zachari K, Santaliestra-Pasias AM, Mouratidou
T, Androutsos O, Iotova V, Galcheva S, De Craemer M, Cardon
G, Koletzko B, Kulaga Z, Manios Y, Moreno LA (2017) Clus-
tering of energy balance-related behaviours and parental educa-
tion in European preschool children: the ToyBox study. Br J Nutr
118:1089-1096

Wang L, Jansen W, van Grieken A, Vlasblom E, Boere-Boonekamp
MM, L'Hoir MP, Raat H (2020) Identifying patterns of lifestyle behav-
iours among children of 3 years old. Eur J Pub Health 30:1115-1121
Haapala EA, Wiklund P, Lintu N, Tompuri T, Viisto J, Finni
T, Tarkka IM, Kemppainen T, Barker AR, Ekelund U, Brage S,
Lakka TA (2020) Cardiorespiratory fitness, physical activity, and
insulin resistance in children. Med Sci Sports Exerc 52:1144-1152
Hu FB, Malik VS (2010) Sugar-sweetened beverages and risk
of obesity and type 2 diabetes: epidemiologic evidence. Physiol
Behav 100:47-54

Manios Y, Androutsos O, Lambrinou CP, Cardon G, Lindstrom J,
Annemans L, Mateo-Gallego R, de Sabata MS, Iotova V, Kivela
J, Martinez R, Moreno LA, Rurik I, Schwarz P, Tankova T, Liatis
S, Makrilakis K (2018) A school- and community-based interven-
tion to promote healthy lifestyle and prevent type 2 diabetes in
vulnerable families across Europe: design and implementation of
the Feel4Diabetes-study. Public Health Nutr 21:3281-3290
Virtanen E, Kiveld J, Wikstrom K, Lambrinou CP, De Miguel-
Etayo P, Huys N, Vraukd-Téth K, Moreno LA, Usheva N,
Chakarova N, Rado SA, Iotova V, Makrilakis K, Cardon G,
Liatis S, Manios Y, Lindstrom J (2020) Feel4Diabetes healthy
diet score: development and evaluation of clinical validity.
BMC Endocr Disord 20:46

Bermudez V, Salazar J, Martinez MS, Chavez-Castillo M,
Olivar LC, Calvo MJ, Palmar J, Bautista J, Ramos E, Cabrera
M, Pachano F, Rojas J (2016) Prevalence and associated fac-
tors of insulin resistance in adults from Maracaibo City. Ven-
ezuela Adv Preventive Med 2016:9405105

Friedrich N, Thuesen B, Jgrgensen T, Juul A, Spielhagen C,
Wallaschofksi H, Linneberg A (2012) The association between
IGF-I and insulin resistance: a general population study in Danish
adults. Diabetes Care 35:768-773

Geer EB, Shen W (2009) Gender differences in insulin resist-
ance, body composition, and energy balance. Gender medicine
official journal of the Partnership for Gender-Specific Medicine
at Columbia University 6(Suppl 1):60-75

Brussaard HE, Gevers Leuven JA, Frolich M, Kluft C, Krans HM
(1997) Short-term oestrogen replacement therapy improves insu-
lin resistance, lipids and fibrinolysis in postmenopausal women
with NIDDM. Diabetologia 40:843-849

Bosy-Westphal A, Braun W, Geisler C, Norman K, Miiller MJ
(2018) Body composition and cardiometabolic health: the need
for novel concepts. Eur J Clin Nutr 72:638-644

Reaven GM (1993) Role of insulin resistance in human dis-
ease (syndrome X): an expanded definition. Annu Rev Med
44:121-131

Wei IN, Li HY, Wang YC, Chuang LM, Lin MS, Lin CH, Sung
FC (2010) Detailed family history of diabetes identified children
at risk of type 2 diabetes: a population-based case-control study.
Pediatr Diabetes 11:258-264

Lee CY, Ledoux TA, Johnston CA, Ayala GX, O’Connor DP
(2019) Association of parental body mass index (BMI) with
child’s health behaviors and child’s BMI depend on child’s age.
BMC Obes 6

Coto J, Pulgaron ER, Graziano PA, Bagner DM, Villa M, Malik
JA, Delamater AM (2019) Parents as role models: associations

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

between parent and young children’s weight, dietary intake, and
physical activity in a minority sample. Matern Child Health J
23:943-950

Pinhas-Hamiel O, Lerner-Geva L, Copperman N, Jacobson MS
(2008) Insulin resistance and parental obesity as predictors to
response to therapeutic life style change in obese children and
adolescents 10-18 years old. J Adolescent Health : Official Publ
Society Adolescent Med 43:437-443

Ejtahed HS, Heshmat R, Motlagh ME, Hasani-Ranjbar
S, Ziaodini H, Taheri M, Ahadi Z, Aminaee T, Shafiee G,
Goodarzi A, Qorbani M, Kelishadi R (2018) Association of
parental obesity with cardiometabolic risk factors in their chil-
dren: The CASPIAN-V study. PLoS One 13:¢0193978

Burke V, Beilin LJ, Dunbar D (2001) Family lifestyle and parental
body mass index as predictors of body mass index in Austral-
ian children: a longitudinal study. Int J Obes Relat Metab Disord
25:147-157

Danielzik S, Langnise K, Mast M, Spethmann C, Miiller MJ
(2002) Impact of parental BMI on the manifestation of overweight
5-7 year old children. Eur J Nutr 41:132-138

Ballon A, Neuenschwander M, Schlesinger S (2019) Breakfast
skipping is associated with increased risk of type 2 diabetes
among adults: a systematic review and meta-analysis of prospec-
tive cohort studies. J Nutr 149:106-113

Donin AS, Nightingale CM, Owen CG, Rudnicka AR, Perkin
MR, Jebb SA, Stephen AM, Sattar N, Cook DG, Whincup PH
(2014) Regular breakfast consumption and type 2 diabetes risk
markers in 9- to 10-year-old children in the child heart and health
study in England (CHASE): a cross-sectional analysis. PLoS Med
11:¢1001703

Balkau B, Mhamdi L, Oppert JM, Nolan J, Golay A, Porcellati
F, Laakso M, Ferrannini E (2008) Physical activity and insulin
sensitivity: the RISC study. Diabetes 57:2613-2618

Gillies CL, Abrams KR, Lambert PC, Cooper NJ, Sutton AJ, Hsu
RT, Khunti K (2007) Pharmacological and lifestyle interventions
to prevent or delay type 2 diabetes in people with impaired glu-
cose tolerance: systematic review and meta-analysis. BMJ (Clin
Res Ed) 334:299

Feldman AL, Long GH, Johansson I, Weinehall L, Fhiarm E,
Wennberg P, Norberg M, Griffin SJ, Rolandsson O (2017) Change
in lifestyle behaviors and diabetes risk: evidence from a popula-
tion-based cohort study with 10 year follow-up. Int J Behav Nutr
Phys Act 14:39

InterAct Consortium (2015) Dietary fibre and incidence of
type 2 diabetes in eight European countries: the EPIC-InterAct
Study and a meta-analysis of prospective studies. Diabetologia
58(7):1394-408

Cooper AJ, Forouhi NG, Ye Z, Buijsse B, Arriola L, Balkau B,
Barricarte A et al (2012) Fruit and vegetable intake and type 2
diabetes: EPIC-InterAct prospective study and meta-analysis. Eur
J Clin Nutr 66:1082-1092

Ekelund U, Palla L, Brage S, Franks PW, Peters T, Balkau B, Diaz
MIJ et al (2012) Physical activity reduces the risk of incident type
2 diabetes in general and in abdominally lean and obese men and
women: the EPIC-InterAct Study. Diabetologia 55:1944—1952
Hu FB, Li TY, Colditz GA, Willett WC, Manson JE (2003) Tel-
evision watching and other sedentary behaviors in relation to
risk of obesity and type 2 diabetes mellitus in women. JAMA
289:1785-1791

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



European Journal of Pediatrics

Authors and Affiliations

Esther M. Gonzalez-Gil'23 . Natalia Giménez-Legarre>*® . Greet Cardon® - Christina Mavrogianni® - Jemina Kiveld” -
Violeta lotova® - Tsvetalina Tankova® - Rurik Imre'® - Stavros Liatis'" - Konstantinos Makrilakis'" - Peter Schwarz'? .
Patrick Timpel'? - Elisabeth Dupont'> - Pedro Couck'® - Yannis Manios® - Luis A. Moreno®>*

Esther M. Gonzalez-Gil

1

Department of Biochemistry and Molecular Biology

esthergg @ugr.es 11, Center of Biomedical Research (CIBM), Instituto de
Nutricién y Tecnologia de los Alimentos, Universidad de

Greet Cardon Granada, Granada, Spain

Greet.Cardon@UGent.be ’ - P

Christina Mavrogianni
cmavrog@hua.gr

Jemina Kiveld
jemina.kivela@thl.fi

Violeta Iotova
iotova_v@yahoo.com

Tsvetalina Tankova
tankova @iname.com

Rurik Imre
rurik.imre @med.unideb.hu

Stavros Liatis
sliatis@med.uoa.gr

Konstantinos Makrilakis
kmakrila@med.uoa.gr

Peter Schwarz
Peter.Schwarz @uniklinikum-dresden.de

Patrick Timpel
patrick.timpel @tu-dresden.de

Growth, Exercise, Nutrition and Development (GENUD)
Research Group, University of Zaragoza, Edif. del SAI
(Servicio de Apoyo a la Investigacién), C/ Pedro Cerbuna 12,
50009 Zaragoza, Spain

CIBER Fisiopatologia de la Obesidad y Nutricion, Instituto
de Salud Carlos III, Madrid, Spain

Instituto Agroalimentario de Aragén (IA2), Instituto de
Investigacion Sanitaria Aragén (IIS Aragon), Zaragoza,
Spain

Department of Movement and Sports Sciences, Ghent
University, Ghent, Belgium

Department of Nutrition and Dietetics, School of Health
Sciences & Education, Harokopio University, Athens, Greece

Public Health Promotion Unit, Finnish Institute for Health
and Welfare, Helsinki, Finland

Department of Pediatrics, Medical University of Varna,
Varna, Bulgaria

Department of Endocrinology, Medical University of Sofia,
Sofia, Bulgaria

Elisabeth Dupont 10" Department of Family and Occupational Medicine,
Elisabeth.Dupont @idf-europe.org University of Debrecen, Debrecen, Hungary

Pedro Couck " Medical School, National and Kapodistrian University,
pcouck@cri.be Athens, Greece

Yannis Manios
manios @hua.gr

Luis A. Moreno
Imoreno @unizar.es

@ Springer

Department of Prevention and Care of Diabetes, Technical
University Dresden, Dresden, Germany

International Diabetes Federation, Brussels, Belgium

Cerba Healthcare Belgium, Ghent, Belgium


http://orcid.org/0000-0002-2956-4219

	Parental insulin resistance is associated with unhealthy lifestyle behaviours independently of body mass index in children: The Feel4Diabetes study
	Abstract
	Introduction
	Methods
	Study design and data collection
	Anthropometric indices
	Physical activity and screen-time
	Parental education
	Feel4Diabetes healthy diet score
	Biochemical analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


