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Introduction: The preventive measures taken in attempt to prevent COVID-19 spread
lead to closure of schools and leisure time activities. The impact of the pandemic
on pediatric weight status is unclear, reports from around the world predict grave
consequences with increasing obesity. We aimed to examine the change in body
composition parameters of children and adolescents during the pandemic.

Materials and Methods: An observational study of 220 pediatric subjects (109 boys;
mean current age 11.8 + 3.3 years; 37 with underweight, 123 with normal weight, and 60
with overweight/obesity) who underwent height and body composition measurements
by bioelectrical impedance analysis, Tanita MC-780MA, GMON Professional Software
before and during the pandemic. Height, body mass index (BMI) and muscle-to-fat
ratio (MFR) z-scores were calculated. Data collected from the participants’ medical files
included home address for socioeconomic position calculation, pubertal stage, and
self-reported sleep duration and physical activity performance.

Results: The vast majority of the cohort (81.8%) had stable or improved MFR z-scores
during the pandemic. MFR z-scores significantly increased in subjects with underweight
(p = 0.05) and normal weight (p = 0.008), but not in subjects with overweight/obesity
(0o = 0.169). There were significant associations in BMI z-scores (r = 0.961, p < 0.001)
and MFR z-scores (r = 0.854, p < 0.001) before and during the pandemic. A multivariate
linear regression model identified socioeconomic position, pre-pandemic BMI z-scores,
pre-pandemic MFR z-scores, and physical activity levels during the pandemic as
predictors for delta MFR z-scores (F = 12.267, p < 0.001). Age, sex, pre-pandemic
physical activity, and the time that had elapsed between initiation of the first nationwide
lockdown and the BIA assessment during the pandemic did not emerge as predictors
for delta MFR z-score.

Conclusions: Our encouraging findings demonstrate improvement in body composition
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parameters of subjects with underweight and normal weight and stability in subjects
with overweight/obesity. Engagement in physical activity during the pandemic predicted
improvement, while lower socioeconomic position predicted deterioration.

Keywords: body composition, bioimpedance, BMI, children and adolescents, COVID-19, muscle-to-fat ratio,

overweight and obesity, weight status

INTRODUCTION

The Coronavirus disease (COVID-19) pandemic continues to
demonstrate an enormous impact on morbidity and mortality
rates of the entire world population in an age-stratified
manner (1-3). On March 15, 2020, the Israeli government
declared the first nationwide lockdown, with restriction of
non-necessary movement in the public space, and closure of
all educational institutions and leisure time activities. The
resultant confinement of people to their homes led to lifestyle
changes, including diet, sleep, and physical activity. Since then,
the Israeli population has been subject to several lockdowns
without full restoration of the pre-COVID-19 routine. It has
been suggested that this changing reality may have negative
implications on metabolic health in adults (4, 5) and in
youth (6).

The effect of the COVID-19 pandemic on weight status
of children and adolescents remains unclear (7). Reports
from around the world predict grave consequences with
increasing obesity, especially in predisposed individuals (8-
10). Multiple studies are based on lifestyle questionnaires,
which subjectively reflect eating behavior and physical activity
of adults over a limited time period (11-13), with only
a minority of the studies objectively quantitating the effect
on the weight status of children (14). Childhood obesity
and its future metabolic implications are now of even
greater concern than ever with future threats on health
economics (15).

Childhood weight status is most widely classified by age-
and sex-specific cutoffs for body mass index (BMI) (16).
BMI z-scores, however, can not characterize the relationship
between fat and muscle (17). Both increased adiposity,
especially if centrally located, and decreased skeletal muscle
mass have been linked to early-onset metabolic derangements
(18-20). Since January 2018, our Pediatric Endocrine Unit
implemented the analysis of body composition by means
of bioelectrical impedance analysis (BIA) as part of routine
assessment of patients referred for endocrine consultation
(21). In the current study, we aimed to examine changes
in body composition parameters of children and adolescents
belonging to different weight status categories (underweight,
normal weight, and overweight/obesity), during the COVID-
19 pandemic.

Abbreviations: ASMM, appendicular skeletal muscle mass; BIA, bioimpedance
analysis; BMI, body mass index; FATP, fat percentage; TFATP, truncal
fat percentage; MFR, muscle-to-fat ratio; MPHt, mid-parental height; SEP,
socioeconomic position.

MATERIALS AND METHODS
Study Design

This real-life, observational study was conducted in the Pediatric
Endocrine Unit in a tertiary medical center. The clinic’s BIA
database was searched for children and adolescents (age 5-18
years) with the sole diagnosis of “observation of growth” and/or
“observation of puberty” whose body composition parameters
were measured during the COVID-19 pandemic (from May
15, 2020 until December 15, 2020). Included were subjects for
whom pre-COVID-19 BIA measurements were available. Those
BIA data were linked to the subjects’ electronic medical records.
Excluded from the study were patients who entered puberty and
those who initiated medication or underwent bariatric surgery
between the two time periods.

Data Collection

Data collected from the participants medical files included
sex, age, home address, perinatal history (mode of conception,
number of fetuses, gestational diabetes mellitus, gestational
age, and birthweight), anthropometric measurements, systolic
(SBP) and diastolic blood pressure (DBP) measurements,
pubertal stage, and self-reported sleep duration and physical
activity performance.

Anthropometric Measurements and

Pubertal Assessment
The clinical evaluation of the study subjects included
measurement of height by a commercial Harpenden stadiometer
(Holtain Ltd., Crosswell, United Kingdom) and weight by BIA.
BMI was calculated as weight in kilograms divided by height in
meters squared. The subjects’ height, weight, and BMI values
were converted to sex- and age-specific standard deviation scores
(z-scores) with PediTools Electronic Growth Chart Calculators,
based on CDC growth charts (22). Weight status was categorized
as underweight for BMI values < 5th percentile (z-score at or
below —1.645), normal for BMI between 5th and 84th percentiles
(z-score between —1.645 and 1.036), and overweight and obese
for BMI > 85th percentile (z-score at or above 1.036) (23).
Corrected birth weight z-scores were calculated with PediTools
Electronic Growth Chart Calculators (22). The appropriate for
gestational age (AGA) birth weight was defined as corrected
birth weight z-scores of —1.88 to 1.88, the small for gestational
age (SGA) as birth weight z-scores < —1.88, and the large
for gestational age (LGA) as birth weight z-scores > 1.88. BP
percentiles were calculated by means of an online age-based
pediatric BP calculator (24).

Pubertal stages were graded with Tanner scores for genital
status in boys and for breast development in girls (25, 26). Onset
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of puberty was defined as genitalia Tanner stage 2 with testicular
volume > 3 mL in boys and appearance of breast buds in girls,
with or without sexual hair. The subject was considered fully
pubertal when pubertal signs corresponded to Tanner stage 5.

Body Composition Measurement

Body composition in subjects older than 5 years of age who
were able to stand upright was measured by BIA (Tanita
Body Composition Analyzer, Tanita MC-780 MA and GMON
Professional Software), which has been clinically verified to be
accurate and reliable and to provide highly reproducible results
(27, 28). The BIA measures both whole body and segmental
analysis (trunk, upper, and lower limbs) of fat and muscle. The
BIA measurement required the subject to stand barefoot on
the analyzer and to grip the handles, and the entire procedure
took ~1 min per subject. The BIA report includes the following
data: body weight (kilograms), fat percentage (FATP), truncal
fat percentage (TFATP), fat mass (kilograms), and muscle mass
(kilograms). Calculated variables included: appendicular skeletal
muscle mass (ASMM = the sum of muscle mass of four limbs)
and muscle-to-fat ratio [MFR = ASMM (kg)/fat mass (kg)]. The
z-scores for MFR were calculated according to BIA pediatric
reference curves (29). Delta MFR z-scores were calculated
as the difference between MFR z-scores during the COVID-
19 pandemic and the MFR z-scores preceding the pandemic.
Subjects were stratified into three groups according to delta MFR
z-scores: better (delta MFR z-score > 0.3), stable (—0.3 < delta-
MFR z-score < 0.3), and worse (delta-MFR z-score < —0.3)
(29, 30).

Socioeconomic Position

The SEP by home address was analyzed based on the Israel
Central Bureau of Statistics’ Characterization and Classification
of Statistical Areas within Municipalities and Local Councils
by the Socio-Economic Level of the Population 2015 (31).
The neighborhoods or localities are divided into SEP clusters,
with 1 representing the lowest and 10 representing the highest
rating. The SEP index is an adjusted calculation of 14 variables
that measure social and economic levels in the domains of
demographics, education, standard of living, and employment
(range from —2.797 to 2.590).

Ethics

The study was approved by the Ethics Committee of the Tel-Aviv
Sourasky Medical Center according to the Helsinki Declaration.
Informed consent by the participants was waived since the data
were retrieved from the subjects’ medical records and all personal
identification was omitted. The data were handled in accordance
with the principles of Good Clinical Practice.

Statistical Analyses

The data were analyzed with Statistical Package for the Social
Sciences software version 27 (SPSS Inc., Chicago, IL). All
statistical tests were 2-sided. The Kolmogorov-Smirnov test was
applied to test the normality of continuous data. The data are
expressed as means =+ standard deviations (SDs) for normally
distributed variables and median and interquartile range (IQR)

for skewed distribution or number (percent) for categorical
variables. To compare body composition and BP before and
during the COVID-19 pandemic stratified according to weight
status, the paired-samples t-test or the Wilcoxon matched-pair
signed rank-test were used for normal or skewed distributions,
respectively. One-way ANOVA analysis and post-hoc Tukey or
Kruskal Wallis tests were used to compare between change in the
MER ratio z-score categories and weight-status categories (three
categories each) in normal and skewed variables, respectively.
A one-sample Wilcoxon signed rank test was performed to
test the null hypothesis that the median z-score equals zero.

TABLE 1 | Sociodemographic, perinatal, and pre-COVID-19 characteristics of
220 children and adolescents.

Variable

Number of participants 220
Male, n (%) 109 (49.5)
Age, years 10.8 £3.2
Socioeconomic position cluster 817,9]

Socioeconomic position index 1.450 [0.825, 1.932]
Anthropometric characteristics, z-scores
Height
Weight

Body mass index

—0.62 [-1.37, 0.44]
—0.47 [-1.683, 1.02]
—0.13[=1.24, 1.14]
Blood pressure, percentiles

Systolic blood pressure 75 [563, 88]
Diastolic blood pressure 64 [48, 80]
Pubertal status, n (%)

Pre-pubertal 100 (45.4)
In puberty 82 (37.3)
Fully pubertal 38 (17.9)
Perinatal history

Assisted reproductive therapy, n (%) 12 (6.7)
Gestational diabetes mellitus, n (%) 15 (6.8)
Singleton, n (%) 206 (93.6)
Preterm birth, n (%) 34 (15.5)
Gestational age, weeks 39 [38, 40]
Birth weight, z-scores —0.41 [-0.91, 0.20]
Small for gestational age, n (%) 3(1.4)
Appropriate for gestational age, n (%) 213 (96.8)
Large for gestational age, n (%) 4(1.8)
Habitual behavior

Sleep, hours 98, 10]
Physical activity, n (%) 182 (82.7)
None 14.(7.7)
Only at school 17 (9.3)
At and after school 151 (83)

Data are presented as number (percent), mean =+ standard deviation and median
[interquartile range]. Socioeconomic position (SEP) was determined by cluster of localities
of residence, ranging from 1 to 10, with 1 being the lowest rating and 10 the highest.
The SEP index is an adjusted calculation of 14 variables that measure social and
economic levels in the domains of demographics, education, standard of living, and
employment (ranging from the lowest —2.797 to the highest 2.590). Physical activity was
not documented in 38 cases (17.3%) of the study cohort.
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TABLE 2 | Body composition and blood pressure characteristics of 220 children and adolescents before and during the COVID-19 pandemic stratified according to

weight status.

Characteristic Before the COVID-19 pandemic During the COVID-19 pandemic p value
Underweight (BMI z-scores < —1.645) n = 37 (26 boys)

Body mass index, z-scores —2.07 [-2.34, —1.88] —1.78 [-2.35, —1.37] <0.001
Fat percentage 17.5[14.9, 19.9] 17.2[138.8, 20.1] 0.154
Truncal fat percentage 13.7 [10.8, 15.4] 12.5[10.0, 15.1] 0.078
Muscle-to-fat, z-scores —-0.08 £1.11 0.12 £0.95 0.050
Systolic BP, percentiles 69 [35, 87] 64 [35, 75] 0.544
Diastolic BP, percentiles 67 [29, 80] 65 [50, 78] 0.168
Normal weight (—1.645 < BMI z-scores < 1.036) n = 123 (60 boys)

Body mass index, z-scores —0.38 [-0.95, 0.27] —0.24 [-0.87, 0.37] 0.035
Fat percentage 20.7 [18.2, 24.0] 20.6 [17.1,24.3] 0.200
Truncal fat percentage 15.5[18.3, 18.5] 16.3[11.9,18.4] 0.091
Muscle-to-fat, z-scores —-0.20+£0.84 —0.06 £ 0.81 0.008
Systolic BP, percentiles 73147, 83] 69 [50, 83] 0.760
Diastolic BP, percentiles 62 [48, 81] 63 [47, 79] 0.783
Overweight/obesity (BMI z-scores > 1.036) n = 60 (23 boys)

Body mass index, z-scores 1.74 [1.40, 2.03] 1.70[1.36, 1.97] 0.412
Fat percentage 33.8 [29.4, 39.2] 33.7 [29.0, 38.5] 0.529
Truncal fat percentage 27.9[23.7, 34.2] 29.1 [28.6, 33.1] 0.531
Muscle-to-fat, z-scores —1.42 +£0.48 —1.36 £ 0.50 0.169
Systolic BP, percentiles 87 [68, 95] 87 [79, 93] 0.122
Diastolic BP, percentiles 72 583, 82] 75 [58, 86] 0.238

Data are presented as median [interquartile range] and mean + SD.
Bold indicates statistical significance.
BPR, blood pressure.

Pearson’s correlation test was applied to examine the correlation
between two continuous data groups. A multivariate stepwise
linear regression model was used to identify predictors for the
delta MFR z-score. A p-value of <0.05 was considered significant.

RESULTS

The study cohort was comprised of 220 pediatric subjects
(49.5% males) with a mean £ SD current age of 11.8 =+
3.3 years. The median time that had elapsed between BIA
assessments (pre-COVID-19 and during COVID-19) was 10.8
months [IQR 7.3, 11.6], and the median time that had
elapsed between the initiation of the first nationwide lockdown
and the BIA assessment during COVID-19 was 4 months
[IQR 3, 5]. The subjects’ sociodemographic and perinatal
characteristics, pre-COVID-19 anthropometric measurements,
BP percentiles, and pubertal status are shown in Table 1. Most
of the subjects were conceived spontaneously in a singleton
pregnancy and were born at term with birthweight appropriate
for gestational age. At the pre-COVID-19 assessment, the
median BMI z-score of the cohort was within average (—0.13
[—1.24, 1.14], p = 0.383), 45.4% were pre-pubertal, and
54.6% were in puberty/fully pubertal. The median sleep
duration was 9h (range 5-11h). Most of the subjects (83%)
were engaged in some kind of physical activity during and
after school.

At the pre-COVID-19 assessment, the cohort was comprised
of 37 (16.8%) subjects with underweight, 123 (55.9%) with
normal weight, and 60 (27.3%) with overweight/obesity. Subjects
with overweight/obesity had a lower median SEP cluster and SEP
index compared to those with normal weight and underweight
(8 [6.25, 8.75] vs. 8 [8, 9] and 8 [8, 9]; 1.039 [0.422, 1.636] vs.
1.609 [1.002, 1.955] and 1.553 [1.078, 2.005], respectively, p <
0.001 for both parameters). The distribution of weight status
categories differed between sexes [boys: 26 (23.9%) underweight,
60 (55%) normal weight, and 23 (21.1%) overweight/obesity and
girls: 11 (10%) underweight, 93 (56.8%) normal weight, and 37
(33.2%) overweight/obesity, respectively, p = 0.009]. The time
that had elapsed between the initiation of the first nationwide
lockdown and the BIA assessment during the pandemic did
not differ between weight categories (p = 0.372). During the
COVID-19 assessment the cohort was comprised of 26 (11.8%)
subjects with underweight, 137 (62.3%) with normal weight, and
57 (25.9%) with overweight/obesity, the change in distribution of
weight status categories did not reach significance (p = 0.244).
The body composition parameters of the cohort stratified by
pre-COVID-19 weight status are presented in Table 2. Indices
of adiposity, FATP, and TFATP did not significantly change
during the pandemic. The MFR z-scores of the underweight
and normal weight subjects significantly increased during the
pandemic (p = 0.05 and p = 0.008, respectively), while it did not
change in subjects with overweight/obesity (p = 0.169). Pearson’s
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FIGURE 1 | (A) Analysis of the correlation between the BMI z-scores of
subjects before and during the COVID-19 pandemic (- = 0.961, P < 0.001).
(B) Analysis of the correlation between the MFR z-scores of subjects before
and during the COVID-19 pandemic (r = 0.854, P < 0.001).

correlation analysis revealed significant associations between the
BMI z-scores of subjects before and during the pandemic (r =
0.961, p < 0.001) (Figure 1A), and between the MFR z-scores
of subjects before and during the pandemic (0.854, p < 0.001)
(Figure 1B).

The vast majority of the cohort (81.8%) had stable or improved
MFR z-scores during the pandemic. Sociodemographic,
anthropometric, and body composition parameters of the
subjects stratified by change in the MFR z-scores (delta MFR
z-scores) are presented in Table 3. Sex, age, SEP (cluster and
index), and anthropometric parameters did not differ between
the delta MFR z-score groups. Subjects whose MFR z-scores
worsened during the pandemic had a lower fat percentage,
a lower truncal fat percentage, and a higher MFR z-score at
baseline (p = 0.05, p = 0.026, and p < 0.001, respectively).

A multivariate linear regression model identified SEP index,
pre-pandemic BMI z-score, pre-pandemic MFR z-score, and
physical activity during the pandemic as predictors for the delta
MER z-score (F = 12.267, p < 0.001). Age, sex, pre-pandemic
physical activity, and the time that had elapsed between initiation
of the first nationwide lockdown and the BIA assessment during

the pandemic did not emerge as predictors for delta MFR z-score
and therefore were not included in the model (Table 4).

A univariate analysis performed on the findings of the subjects
with underweight, normal weight, and overweight/obesity
revealed significant correlations between pre-pandemic MFR z-
scores and delta MFR z-scores (r = —0.524, p = 0.001; r =
—0.391, p < 0.001 and r = —0.291, p = 0.024, respectively, and p
= 0.428 for the comparison between correlations).

DISCUSSION

It could be reasonably expected that the extended period out
of school would lead to an increase in sedentary behavior with
worsening of body composition. However, the subjects in our
select cohort tended to maintain similar BMI and MEFR z-scores,
and 31.8% even improved their body composition during the
COVID-19 pandemic. Improvement in both weight status (BMI
z-scores) and body composition (MFR z-scores) was evidenced
in subjects with underweight and normal weight, while those with
overweight/obesity maintained stable parameters. Engagement in
physical activity during the pandemic predicted an improvement
in body composition, while lower socioeconomic position
predicted deterioration.

The COVID-19 pandemic has had enormous effects on
lifestyle that could potentially cause health-related problems. In
Israel, most workplaces gradually returned to full activity under
strict safety guidance. Schools were the last to resume activity,
with limited numbers of schools reopening (kindergartens,
grades 1-3 and 11-12) since May 2020. Major COVID-19
outbreaks were reported in schools only a few days after
opening, leading to a second unlimited closure of all educational
settings (32). The exclusion of the pediatric population from the
vaccination program was an obstacle in planning the reopening
of school (33). Two studies suggested that the prolonged closure
of schools may disproportionately affect activity patterns and
weight status of youths (34, 35). Of note, 92.3% of our cohort
had been engaged in physical activity during school hours in
the pre-pandemic period, and 83% also did so after school
hours. Encouragement in participating in physical activity is
an integral part of the healthy lifestyle education provided
to all the subjects followed at our clinic, regardless of their
weight status. Our results could, therefore, be attributed in no
small part to the increased awareness of healthy habits and the
desirability of maintaining them. Another potential contributor
is the increased accessibility and popularity of at-home physical
activity through web-based applications (YouTube, Tik-Tok,
etc.). Surveys for quantification of physical activity were not part
of this observational study.

The extent of change in body composition differed between
weight status categories, with the greatest improvement
measured in the subjects with underweight. The worse their
pre-pandemic body composition, the greater the improvement
that had been measured during the pandemic. Children and
adolescents with low weight status are considered at increased
risk for infectious diseases (36, 37). The pandemic rampage with
increasing anxiety of developing severe manifestation might
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TABLE 3 | Sociodemographic, anthropometric, and body composition parameters of the study cohort before COVID-19 pandemic stratified by change in muscle-to-fat

ratio (MFR) z-scores.

Parameter Better

Stable Worse p value
delta-MFR z-score > 0.3 —0.3 < delta-MFR z-score < 0.3 delta-MFR z-score < —0.3

Number 70 (31.8) 110 (50) 40 (18.2)
Male, n (%) 38 (34.9) 51 (46.8) 20 (18.9) 0.583
Age, years 10.3 £ 3.5 10.8 £ 3.1 11.6+26 0.114
Socioeconomic position, cluster 817,9] 817, 9] 817,9] 0.686
Socioeconomic position, index 1.532 [0.789, 1.985] 1.463[0.872, 1.919] 1.271[0.736, 1.748] 0.339
Height, z-scores —0.67 [-1.39, 0.22] —0.34 [-1.32, 0.60] —0.81[-1.49, 1.04] 0.293
Body mass index, z-scores —0.44 [—1.49, 0.54] 0.11 [-1.18, 1.46] —0.04 [-1.24,1.15] 0.085
Delta body mass index, z-scores —0.03 [-0.28, 0.18]2 0.09 [-0.10, 0.27]° 0.29 [-0.02, 0.50]° <0.001
Fat percentage 21.5[18.1, 25.72P 23.3[18.9, 29.8]° 20.1 [14.2, 29.2 0.050
Truncal fat percentage 16.8 [13.8, 20.8]2 17.6 [14.2, 25.5]2 14.7 (9.7, 23.5]° 0.026
Muscle-to-fat ratio, z-scores —0.73 £0.882 —0.63 £ 0.902 0.16 + 1.13° <0.001
Delta muscle-to-fat ratio, z-scores 0.69 + 0.372 0.04 £ 0.16° —0.61 £ 0.31¢ <0.001

The data are expressed as mean =+ standard deviation, number (percent) and median [interquartile range]. Socioeconomic position was determined by cluster of localities of residence,
ranging from 1 to 10; with 1 being the lowest rating and 10 the highest. The SEP index is an adjusted calculation of 14 variables that measure social and economic levels in the domains
of demographics, education, standard of living, and employment (ranging from the lowest —2.797 to the highest 2.590). The values with different superscript letters (a, b) in a column
are significantly different from each other in pairwise comparisons (p < 0.05). Bold indicates statistical significance.

TABLE 4 | Linear regression model for delta muscle-to-fat ratio z-scores.

Beta Standard error P
Constant -0.322 0.104 0.002
SEP index 0.116 0.054 0.033
BMI z-score pre-COVID-19 —-0.139 0.030 <0.001
MFR z-score pre-COVID-19 -0.276 0.044 <0.001
Physical activity during COVID-19 0.178 0.086 0.045

SER, socioeconomic position; BMI, body mass index; MFR, muscle-to-fat ratio.

have raised the parental motivation for improving the offspring’s
nutrition status. In addition, the prolonged stay at home changed
familial practices with increased time spent in planning and
preparing meals (38). Of note, subjects with underweight did
not only improve their BMI z-scores as a result of increased
caloric consumption; their body composition improvement may
reflect a healthier food selection combined with physical activity.
This improvement in muscle mass may decrease the metabolic
hazards related to early-onset sarcopenia (39). The combination
of sarcopenia with increased adiposity, termed “sarcopenic
obesity;” may result in the false impression of slightly elevated
BMI while harboring a double jeopardy (40).

The management of pediatric obesity is a daunting challenge,
especially since lifestyle interventions have shown only
modest effect on weight loss (41). The COVID-19 period
further intensified the challenge faced by obese children who
were threatened by increased obesity and metabolic health
deterioration (42). We were gratified to observe that, on average,
weight status, body composition, and BP percentiles of subjects
with overweight and obesity were stable. This could not be
attributed to any new medication or their having undergone

bariatric surgery, since they were study exclusion criteria. A
plausible explanation for this welcome achievement could be
the preservation of continuity of surveillance in the clinic in
spite of the ongoing pandemic. Our multidisciplinary team
of physicians, nurse educators, dieticians, and psychosocial
workers deliver age-appropriate medical care and healthy
lifestyle education to clinic attendees and their families. The
continuity of medical care, either in-clinic or by telemedicine,
provides a network of support that is crucial in obesity
management (43).

A lower socioeconomic position predicted decreased
delta MFR z-score during the COVID-19 pandemic.
Socioeconomic circumstances are recognized as a major
determinant of health conditions in children and adolescents
(44). The COVID-19 pandemic has led to an economic
crisis, characterized by increasing rates of unemployment
and financial insecurity with increasing health inequalities
(45). Coping with financial strain may negatively impact
health behaviors, such as leading to unhealthy food choices
and decreased enthusiasm for physical activity (46). While
our society as a whole was not immune to such financial
upheavals, our patients were apparently successfully persuaded
not to fall victim to such consequences. The metabolic
consequences of these will be dealt in the future, as
unhealthy lifestyle during childhood has both metabolic
and behavioral effects (47). Health care systems should take these
findings into consideration in planning contemporary health
care strategies.

Our study is not without limitations. The cohort was
comprised of children and adolescents, both boys and girls,
from a wide age range, at various stages of physical growth
and development. Cognitive and emotional maturation depends
on age and the course of development may vary between
the sexes. Therefore, our ability to draw conclusion on health
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behaviors of a specific age group during the pandemic is
limited. In addition, our study did not include questionnaires
for evaluating nutritional, behavioral and psychological aspects
before and during the COVID-19 pandemic. Since only patients
who attended our pediatric endocrine clinic during the pandemic
were included, the results may not reflect the body composition
of individuals who are not similarly followed by professional
medical care providers. Therefore, the generalizability of this
study may be limited. Nevertheless, our encouraging findings
support the recommendations for global growth surveillance,
including a healthy lifestyle education (48). This undertaking
is crucial in the current challenging period of spiraling
obesity. The major strength of this study is the uniformity
of anthropometric, body composition, and BP measurements,
together with the calculation of sex- and age-adjusted z-
scores/percentiles, allowing for comparisons between subjects.

CONCLUSION

The weight status and body composition of children and
adolescents attending our pediatric endocrine clinic were
relatively stable during the COVID-19 pandemic. Subjects
with underweight and normal weight had improved body
composition parameters, while those with overweight/obesity
remained stable. Engagement in physical activity during the
pandemic predicted an improvement in body composition, while
lower socioeconomic position predicted deterioration. These
encouraging findings may well be attributed to the regular
growth surveillance and healthy lifestyle education provided to
the study participants. We suggest that their availability to the
pediatric population at large will produce a similarly rewarding
impact on health and far-reaching positive repercussions on
health economics.
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