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1 | INTRODUCTION

Abstract

Aim: To study cross-sectional relationships between step-up height and waist cir-
cumference (WC), a potential proxy for sarcopenic obesity, in Swedish children and
parents.

Methods: Participants were recruited from Swedish schools in disadvantaged areas
in 2017. Height, body weight, WC and maximal step-up height were measured in 67
eight-year-old children and parents: 58 mothers, with a mean age of 38.5 and 32 fa-
thers, with a mean age of 41.3. Sedentary time and physical activity were registered
by an accelerometer. Associations between maximal step-up height and WC were
analysed using Pearson's correlation and adjusted linear regression.

Results: Abdominal obesity, WC=> 66 centimetres (cm) in children, 288 cm in women
and 2102 cm in men, was observed in 13% and 35% of girls and boys, and in 53% and
34% among mothers and fathers, respectively. Negative associations between maxi-
mal step-up height and WC were found for children (r=-0.37, p=0.002) and adults
(mothers r=-0.58, p<0.001, fathers r=-0.48, p=0.006). The associations remained
after adjustments for height, body mass index (BMI) and physical activity in adults.
Reduced muscle strength clustered within families (r=0.54, p<0.001).

Conclusion: Associations between reduced muscle strength and abdominal obesity
were observed in children and parents. Sarcopenic obesity may need more attention

in children. Our findings support family interventions.

KEYWORDS
abdominal obesity, family, muscle strength, physical activity, Sarcopenic obesity

Consequently, a steep decrease in fitness and reduced physical ca-

pacity in both adults and children have been reported from many

In Sweden, as well as in many other countries, children, adoles- countries. A study of 627142 healthy young male conscripts, age
cents and adults spend 9-10h sedentary per day, and few children 19.1+0.4years, entering the mandatory military service in Finland
and adolescents meet the current physical activity guidelines.l'2 during the years 1975-2015 revealed a steep decrease in aerobic

Abbreviations: BMI, body mass index; cm, centimetre; kg, kilogram; WC, waist circumference.
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capacity and, in addition, a decline in muscle fitness.® A study from
Lithuania on secular trends in physical fitness in 16 199 schoolchil-
dren aged 11-18years demonstrated loss of both cardiovascular fit-
ness and muscle strength between 1992 and 2012.%

There are several different definitions of metabolic syndrome as
well as different cut-off levels for WC in both children and adults,
creating variations in the prevalence of metabolic syndrome and ab-
dominal obesity in different studies. Obesity and, in particular, cen-
tral obesity and metabolic syndrome are increasing in all age groups
and in most societies.>¢

Extensive research has shown that metabolic syndrome is
linked to an increased risk of the majority of our public health
problems and, in particular, type 2 diabetes and cardiovascular dis-
ease.” Abdominal obesity is a central component in the pathogen-
esis of the metabolic syndrome.8 The simultaneous occurrence of
overweight or obesity and weak muscles or reduced muscle mass,
sarcopenic obesity, has attracted attention as an important risk
factor for common public diseases like type 2 diabetes and car-
diovascular diseases. In a study in the United Kingdom of 490301
participants, with a median age of 70.0years, 46% male, it was
reported that sarcopenic obesity was associated with an increased
risk of severe COVID-19. It was also concluded that sarcopenic
obesity may increase the risk of severe COVID-19 over that of
obesity alone.”

Previous studies on sarcopenic obesity have mainly focused
on the adults and the elderly.!® However, in a recent systematic
review of studies on the definition, prevalence and adverse out-
comes of sarcopenic obesity in children and adolescents, a total of
18 articles were included. There was heterogeneity in the methods
used to define sarcopenic obesity, and different kinds of popula-
tions were studied, leading to a variation in prevalence between
6% and 70% in girls and between 7% and 81% in boys. In eight
studies that evaluated outcomes related to sarcopenic obesity, a
significant association with different cardiometabolic outcomes,
non-alcoholic fatty liver disease, inflammation and mental health
was noted.!?

Low cardiorespiratory fitness was associated with a significantly
higher burden of future disability in a Swedish study in 1079128
male adolescents aged 16-19 followed for 28years.12 During that
period, 54304 men were granted a disability pension. It is also clear
from prospective studies in adults that muscular strength is inde-
pendently and negatively associated with increased risk of type 2
diabetes, cardiovascular mortality, cancer mortality and total mor-
tality.>'* A negative association between muscle fitness in child-
hood or adolescence and overweight and obesity as well as other
cardiometabolic parameters later in life has also been demonstrated
in prospective studies.!®

The primary aim of the present study was to investigate the asso-
ciations between maximal step-up height as a measure of leg muscle
strength and WC as a measure of abdominal obesity and metabolic
risk in 8-year-old children and their parents. The secondary aim
was to study whether there were associations for maximal step-up
height or WC between children and parents within the same family.

Key notes

e Sarcopenic obesity is a known risk factor for common
public diseases among adults, but better knowledge of
this subject in children is needed.

e Independent negative associations were shown be-
tween maximal step-up height and waist circumference
in children and parents, and clustering of reduced mus-
cle strength was noted within families.

e Sarcopenic obesity poses a threat to children's future
health, and more effective preventive measures focus-

ing on whole families are needed.

2 | METHODS
2.1 | Study design, setting and participants

In this cross-sectional study, the participants took part in an evalua-
tion of an ongoing national health promotion programme, which has
been described elsewhere.X® In brief, the programme aims to sup-
port families in a more physically active and healthier lifestyle and is
running in collaboration with schools and local sports associations in
municipalities. The area where the study was conducted, a munici-
pality outside Stockholm, has a somewhat lower socioeconomic sta-
tus compared to the national average in Sweden. Children in grade
2 (8-9years) and their parents were invited and least one parent in
each family should take part. In total, 67 children, 58 mothers and
32 fathers agreed to participate in the study. Before the intervention
started from May to June 2017, children and their parents under-
went a health check which included measurements of anthropomet-

ric variables, maximal step-up height and physical activity.

2.2 | Ethics statement

The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the Regional Ethical
Review Board in Stockholm, Sweden (Dnr 2016/447-31/2 and
2016/1254-32). Parents gave their informed written consent before
the family was included in the study. The trial registration number is
ISRCTN11660938.

2.3 | Data collection

2.3.1 | Anthropometry

Weight was measured according to standardised procedures using
a calibrated scale to the nearest 0.1 kg and height with a stadiom-

eter to the nearest centimetre. Body mass index (BMI) was calcu-
lated as weight (kg) divided by height (metres) squared. Overweight
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and obesity for children were defined according to the International
Obesity Task Force recommendation.” WC was measured with the
subjects in the standing position after a normal expiration at the mid-
way point between theiliac crest and the lower rib margin. Abdominal
obesity for children was defined according to a Norwegian study of
5725 healthy children, 51% boys, 4-18 years of age, as WC266cm in
8-year-old children corresponding to 95th percentile and for parents
according to the American Heart Association; National Heart, Lung
and Blood Institute; Diagnosis and Management of the Metabolic

Syndrome as 288cm in women and 2102 cm in men.'8%?

2.3.2 | Maximal step-up height

The standardised maximal step-up test assessing leg muscle strength
and function as maximal step-up height with body weight as the
loading has been described in detail elsewhere.?° Instructions for
the maximal step-up test provided to the participant are presented
in Figure 1.

The participants were instructed to perform the step-up onto
the box slowly to allow the tester to detect push-off with the foot
on the floor. Imbalance in the whole body, excessive use of arms, or
any reliance on handlebars on the box would render the step-up test
not approved at the current level.

2.3.3 | Physical activity

The level of physical activity and time spent sedentary were as-
sessed by accelerometry from Actigraph model GT3X+ (Actigraph,
LCC, Pensacola, USA). The measurement of physical activity has
been described in detail elsewhere.'® In brief, the children and par-
ents wore the accelerometers in an elastic belt at the right hip during
all waking hours for 7 consecutive days and removed the monitors
for activities involving water. The epoch length was set to 5s for
children and 60s for parents. Children and parents with at least

500min/600min of activity registration per day for a minimum of

ACTA PEDIATRICA RYV NI

1day were included in the analysis. Cut-off-points for children and
parents for sedentary intensity were defined as all activity below
100 counts per minute/100 counts per minute, which corresponds
to sedentary activities such as sitting and lying down with an energy
expenditure below the metabolic equivalent of 1.5, and moderate
to vigorous intensity was defined as all activity 22296 counts per

minute/2020 counts per minute.

2.4 | Statistics

Descriptive statistics are presented as means and standard devia-
tions (+). Pearson's correlation was performed to analyse unadjusted
associations between maximal step-up height on the right leg and
WC. Similar results were found for maximal step-up test on the
left leg and therefore only the maximal step-up test on the right
leg was included in the analyses. Linear regression was conducted
to explore associations between the dependent variable maximal
step-up height and WC, in children, mothers and fathers, adjusted
for height, BMI and minutes in moderate to vigorous physical activ-
ity. Pearson's correlation was used to analyse associations between
maximal step-up height and WC in children and their mothers and
their fathers. The level of statistical significance was set to p <0.05.
Data analyses were conducted using Statistica version 13.5 (Statsoft
Inc., Oklahoma, USA).

3 | RESULTS
3.1 | The study population

In total, 67 families participated in the investigation, with a 26%
response rate for families. Sixty-seven children, 30 girls aged
8.2+0.29years, 37 boys aged 8.2+0.34years, and 90 parents, 58
mothers aged 38.5+6.2years and 32 fathers aged 41.3+6.2years
formed the study population. The characteristics of the study popu-

lation are presented in Table 1.

* Place one foot on the step-up box at a height lower than expected.

« Stand tall and look straight ahead.

* Rise onto your toes as high as possible with the foot on the floor,

while your body weight rests on the floor foot. Find your balance.

* Transfer all your body weight onto the foot on the box and regain balance.

* From there, perform the step-up slowly onto the box without using a push-off

with the foot on the floor.

* Bring both feet together on the box to complete the maximal step-up test. The tester approves a correct test.

* Repeat the test on the other leg. The tester approves a correct maximal step-up test.

« The tester increases the height of the step-up box by 3 cm each time until you are unable to

perform the test as described.

FIGURE 1 |Instructions given to the participants for the maximal step-up test.
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TABLE 1 Characteristics of participating children and parents (mean and standard deviation unless otherwise specified).

Girls Boys Mothers Fathers

n Mean (+) n Mean (+) n Mean (+) n Mean (+)
Total n=30 n=37 n=>58 n=32
Age (years) 30 8.2(0.29) 37 8.2(0.34) 58 38.5(6.2) 32 41.3(6.2)
Height (cm) 30 129 (5.0) 35 132 (6.5) 58 163 (6.4) 32 176 (6.9)
Body weight (kg) 29  27.7(6.1) 34 31.1(7.9) 52 72.3(16.1) 31 88.0(19.8)
BMI 29 16.6 (3.0) 33 17.8(3.2) 52 27.4(6.1) 31 28.3 (6.5)
Waist circumference (cm) 30 60 (6.9) 37 64 (8.6) 56 91 (14.7) 32 100 (15.9)
Maximal step-up height left leg (cm) 30 30(6.5) 37 28 (5.5) 55 34 (6.6) 32 39 (8.9)
Maximal step-up height right leg (cm) 30 30(6.6) 37 28 (5.5) 55 34 (6.3) 32 39 (8.6)
Sedentary time, week (min) 26  441(122) 28 442 (83) 48 475 (89) 25 533 (115)
Moderate-vigorous physical activity, week (min) 26 63 (16) 28 69 (26) 48 31 (14) 25 37 (21)
Overweight/obesity (%)? 29  27/4 33 24/12 52 35/25 31 48/19
Waist circumference at risk (%)° 30 33 37 51 55 73 32 63
Waist circumference obesity (%)° 30 13 37 35 55 53 32 34

2Overweight and obesity for boys and girls defined according to the International Obesity Task Force recommendations, for mothers and fathers

defined as a BMI 225 and obesity 230.

PAt risk defined as 261 cm for boys and girls, 280cm for mothers and 294 cm for fathers.

“Abdominal obesity defined as 266 cm for boys and girls, 288 cm for mothers and 2102 cm for fathers.

A quarter of the children and half of the fathers were overweight.
Among mothers, the prevalence of overweight was somewhat lower
compared to fathers, 35% versus 48%. On the other hand, data from
the measurements of WC showed that abdominal obesity was more
prevalent in mothers compared to fathers, 53% versus 34%. In chil-
dren, abdominal obesity was more common in boys compared to
girls, 35% versus 13%.

The mean maximal step-up height (right leg) was 30+ 6.5cm, in
girls, 28+5.5cm in boys, 34 +6.6cm in mothers and 39 +8.6cm in
fathers. In total, 42% of the women and 38% of the men had a lower
maximal step-up height than 32 and 35cm, indicating low muscle
strength.?!

Children spent more than 7 hours per day in sedentary activ-
ities, girls 441 +122minutes per day and boys 442 +83minutes
per day. Mothers and fathers spent 8-9 hours per day sedentary,
475+ 89 minutes per day and 533+ 115minutes per day, respec-
tively. Time spent in moderate to vigorous physical activity was ap-
proximately 1hour per day in children and half an hour in parents,
girls 63+6min and boys 69 +26min, mothers 31+14min and fa-
thers 37 + 21 min.

3.2 | Associations between maximal step-up
height and waist circumference

The associations between maximal step-up height and WC in chil-
dren and parents are presented in Figure 2A-C. A linear negative
association between maximal step-up height and WC was noted
for both children and parents. Significant associations between
maximal step-up height and WC were found in children (r=-0.37,

p=0.002). In a sub-group of 16 children with abdominal obesity,
WC 266cm, the association between maximal step-up height and
WC was stronger (r=-0.69, p=0.002) compared to children without
abdominal obesity (r=-0.23, p=0.12). Significant associations be-
tween maximal step-up height and WC were also found in mothers
(r=-0.58, p<0.001) and in fathers (r=-0.48, p=0.006). In a linear
regression model with maximal step-up height as the dependent
variable, the association with WC was still significant for moth-
ers (b=-0.29, p=0.04) and fathers (h=-0.62, p=0.02) but not for
children (b=-0.50, p=0.12) when adjusting for height, BMI and a
weekly average of moderate to vigorous physical activity.

3.3 | Correlation maximal step-up height and high
waist circumference within families

The correlation between parents and children was strong and signif-
icant for maximal step-up height, for mothers and children (r=0.54,
p<0.001), and for children and fathers (r=0.65, p <0.001). However,
the correlation was not significant between parents and children for
WC.

4 | DISCUSSION

The main finding of this study in 8-year-old children and their par-
ents was the linear negative association between maximal step-up
height and WC. The higher the maximal step-up height, the lower
the WC. The association persisted when a weekly average of moder-
ate to vigorous physical activity, BMI and body height were adjusted
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FIGURE 2 (A) Association between waist circumference and
maximal step-up height in children (r=-0.37, p=0.002, r>=0.13).
(b) Association between waist circumference and maximal step-up
height in mothers (r=-0.58, p<0.001, r*=0.33). (c) Association
between waist circumference and maximal step-up height in
fathers (r=-0.48, p=0.006, r>=0.23).

for. The results indicated an association between reduced muscle
strength in the legs and abdominal obesity not only in adults but
alsoin children. Furthermore, we noted clustering of reduced muscle
strength within families.

ACTA PEDIATRICA RYV NI

Our results of an association between muscle strength and ab-
dominal obesity agree with results from some previous studies. Poor
handgrip strength and cardiorespiratory fitness were associated with
a worse metabolic profile in Colombian school children, with a mean
ageof 11.52+1.13 years.?? Both handgrip and fitness were inversely
associated with blood pressure and homeostasis model assessment
of insulin resistance as well as triglycerides and C-reactive protein.
The associations between handgrip strength and risk factors were
only marginally weaker after adjusting for cardiorespiratory fitness.
In our study, the association between maximal step-up height and
WC persisted after adjustment for moderate to vigorous physical ac-
tivity. In a cross-sectional study from Portugal of adolescents aged
12-18years, higher levels of muscular fitness, standing long-jump
and handgrip strength were associated with lower levels of inflam-
matory markers like C-reactive protein, fibrinogen and leptin as well
as homeostasis model assessment of insulin resistance index.?2*
In an Australian prospective study, muscular power, standing long-
jump distance and cardiorespiratory fitness as well as WC was mea-
sured at age 9, 12 and 15years and again 20years later. Maintaining
persistently high muscular power between childhood and adulthood
was associated with healthier adult glucose homeostasis.?

The prevalence of overweight and obesity was high among our
study participants but still lower than in many other countries.?
We found that 7% of the girls and 12% of the boys were classified
as having obesity, and 25% of the mothers and 19% of the fathers.
Furthermore, abdominal obesity was prevalent in both parents
and children. WC=88cm was found in 53% of the mothers, and a
WC2102cm was found in 34% of the fathers. In children, abdom-
inal obesity, WC=266cm, was found in 13% of the girls and 35%
of the boys. These results are worrying because studies in adults
have established that abdominal obesity has been associated with
a wide range of metabolic disorders and an increased risk of non-
communicable diseases like type 2 diabetes and cardiovascular
diseases.” Today, there is also a smaller, but growing number of
studies, that have shown an association between abdominal obesity
and metabolic syndrome as well as the separate components of the
metabolic syndrome, for example, atherogenic dyslipidemia, insu-
lin resistance, and elevated blood pressure, in children and young
adults.>%’

Furthermore, muscular strength has, during the last decades,
been recognised in the prevention of non-communicable diseases. A
systematic review of 39 studies with 39 852 adult patients published
in 2019 concluded that muscular strength was inversely associated
with mortality risk in various acute and chronic conditions.*®

The mean values for maximal step-up height among the parents
in our study can be considered normal. However, an observation
is that 42% of the women and 38% of the men had a lower maxi-
mal step-up height than 32 and 35cm, respectively, which, based
on Swedish studies, has been reported as a limit value for normal
maximal step-up height.?! There are still no cut-off values for normal
maximal step-up height in children of different ages.

There has been a decrease in fitness and reduced physical capac-
ity, as well as an increase in the prevalence of obesity and metabolic
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syndrome in both adults and children in many societies. Therefore, it
is important to pay attention to sarcopenic obesity and overweight
or abdominal obesity not only in adults and the elderly but also in
children.®? There is an urgent need for deepened knowledge about
sarcopenic obesity in children as it might threaten the health of fu-
ture generations.

The methods used to measure muscle strength can be im-
portant. Handgrip is a common way to measure muscle strength.
However, the larger muscle groups in the legs and buttocks might
have a greater significance for metabolism, and therefore, it could
be that measuring leg strength may be more relevant in clinical
practice.® The standardised maximal step-up test is considered
a reliable leg function test for clinical practice in adults.?%?! The
maximal step-up height is related to knee extension strength and
self-reported physical function. Previous Swedish studies in adults
have demonstrated that a maximal step-up height cut-off value
of >32cm for women and > 35cm for men identified a perceived
limitation of physical function.?! Furthermore, maximal step-up
height was negatively correlated to age, waist circumference (WC)
and body weight and positively correlated to maximal oxygen con-
sumption, self-reported physical function and height. Maximal
step-up height correlated to training intensity at a follow-up after
a 3-month group training intervention programme. Variations in
changes in maximal step-up height were significantly explained
by changes in WC and physical function, regardless of age and
changes in maximal oxygen consumption.20

The method has not previously been used in children, but our
study thus reveals, in agreement with the previous studies in adults,
that maximal step-up height is inversely linked to WC in children as
well as in parents in our study.?%?!

Sarcopenic obesity has been suggested to be defined as a combi-
nation of low muscle strength, low muscle mass and obesity.?® Since
there are no validated cut-off values for reduced muscle mass and
low muscle strength in children, we were not able to provide a diag-
nosis of sarcopenic obesity in children. Still, we think it is important
to discuss the concept of sarcopenic obesity in relation to our study
and our results.

We find our results worrying and worth noting regarding a high
prevalence of abdominal obesity in both children and parents, to-
gether with the observed strong negative associations between
maximal step-up height as a measure of leg muscle strength and WC
as a measure of abdominal obesity and metabolic risk, in both chil-
dren and their parents.

The prevalence of overweight and obesity has reached ep-
idemic proportions worldwide due to a sedentary lifestyle with
reduced energy consumption together with an unhealthy diet and
several other obesogenic lifestyle changes. However, sarcopenia
in overweight and obese children also needs to be paid attention
to. The term “sarcopenic obesity” has been proposed to identify
overweight or obesity combined with low skeletal muscle func-
tion and mass, but its utilisation is still largely limited to the ageing

patient population.9 Recently, the need for the development of a

consensus regarding the definition and standardised evaluation
methods for sarcopenic obesity in children and adolescents was
highlighted.**

There is emerging evidence indicating that low muscle mass
in overweight or obese individuals increases the risk of increased
morbidity and mortality. Newly updated guidelines on physical ac-
tivity also make it clear that physical activity needs to be varied, in-
cluding strength training, and not just focus on fitness-promoting
activities.?’

However, awareness of the importance of good muscle function
and muscle mass in health care and society is still low, especially
regarding children and adolescents.

41 | Strengths and limitations

One strength of the study is that we have had the opportunity to
examine children and adults in families at the same time. Another
strength of the study is that our results add to the sparse knowl-
edge of sarcopenic obesity in children. There are several limitations
to be considered. The method of measuring maximal step-up height
with a step-up box has thus not previously been used in children
and has not been validated in children. However, we find it inter-
esting and worth reporting that we notice the same negative rela-
tionship between maximal step-up height and WC in children as in
parents. We cannot claim causal relationships because the study is
cross-sectional. The fact that there are several different definitions
of metabolic syndrome as well as different cut-off levels for WC in
both children and adults create variations in the prevalence of meta-
bolic syndrome and abdominal obesity in different epidemiological

studies and jeopardise comparisons.*°

5 | CONCLUSIONS

Our results from 8-year-old children and their parents demonstrated
a high prevalence of abdominal obesity in both children and parents.
The negative association between maximal step-up height, a meas-
ure of leg muscle strength, and WC, a measure of abdominal obe-
sity and metabolic risk, indicate that sarcopenic obesity should be
given attention in children and not only in adults and the elderly.
Sarcopenic obesity most likely poses a great threat to children's fu-
ture health. Our findings of clustering of low muscle strength within

families provide support for family intervention.
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