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The coronavirus disease-2019 (COVID-19) pandemic caused 
substantial morbidity and mortality among adults with 

milder clinical course in children [1]. Israel, as well as many 
other countries, conducted a social distancing strategy including 
a strict lockdown (12 March 2020 until 3 May 2020). Schools 

and kindergartens were closed. Playgrounds, parks, and outdoor 
trekking were prohibited. After-hours non-formal education 
systems (e.g., scouts, sports lessons, gym) were closed and out-
of-home walk-around was restricted to 100 meters. During May 
2020 gradual remission occurred with subsequent local inter-
mittent limitations. These worldwide severe restrictions might 
have short- and long-term adverse psychological, medical, and 
social effect on children. 

Obesity and related complications are other pandemic effects 
impacting children and adults. Overweight children have higher 
risk to become obese adults, with further metabolic syndrome 
sequalae. Thus, pediatric screening for obesity and early inter-
ventions are important [2].

Insufficient physical activity as well as increased screen time 
is associated with weight gain in children and adolescents [3,4]. 
Weight gain in children and adolescents is more substantial 
during out-of-school periods such as summer vacation and holi-
days, most probably due to higher caloric intake and less physical 
activity with higher screen-time and sedentary behavior [5]. This 
periodic weight gain during vacations was previously shown to be 
maintained during the next year [2,6], and in adults weight gain in 
a short period of time might become permanent [7].

During the COVID-19 lockdown schools were replaced with 
sedentary online-learning without outdoor physical activity or 
physical education classes [6,8]. This activity reduction is even 
more severe in urban areas where apartments are small [9]. 
Higher screen-time and sleeping time were also found among 
children during quarantine [8]. The lockdown enabled an ex-
traordinary test of stay-at-home regulations, with more than 
seven weeks of significant sedentary lifestyle, forced on all 
children and adolescents regardless of their prior activity habits. 

Another risk factor for weight gain is excessive caloric in-
take. The lockdown led to eating comfort foods and food with 
long shelf life stocking, with less fresh fruits and vegetables 
consumption [9]. Children had continuous access to food [10]. 
A recent Italian study [8] found an increase in sweat beverages 
intake as well as red meat consumption during quarantine.

The relevance of these risk factors, namely sedentary life-
style and food intake, to the lockdown period is further em-
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ABSTRACT  Background: The coronavirus disease-2019 (COVID-19) so-

cial-distancing strategy, including 7 weeks of strict lockdown, 

enabled an extraordinary test of stay-at-home regulations, 

which forced a sedentary lifestyle on all children and adoles-

cents. 

  Objectives: To assess the lockdown effect on pediatric weight. 

  Methods: A retrospective-prospective cohort study at our 

hospital’s pediatric outpatient clinics following the COVID-19 

lockdown. Patients aged 0–18 years visiting the clinic were 

weighed and previous weight and other clinical data were 

collected from the medical charts. Weight-percentile-for-age 

standardization was calculated according to the U.S. Centers 

for Disease Control and Prevention and the World Health Or-

ganization growth tables. Pre- and post-lockdown weight-per-

centiles-for-age were compared using paired t-test. Multivari-

ate analysis was conducted using linear regression model.

  Results: The study was comprised of 229 patients; 117/229 

(51.1%) were boys, 60/229 (26.2%) aged under 6 years. Total 

mean weight-percentile was significantly higher following the 

lockdown (40.44 vs. 38.82, respectively, P = 0.029). Boys had 

a significant post-lockdown weight-percentile rise (37.66 vs. 

34.42, P = 0.014), whereas girls had higher baseline pre-quar-

antine weight-percentile of 43.42, which did not change. Pa-

tients younger than 6 years had a significant increase in 

weight-percentiles (39.18 vs. 33.58, P = 0.021). In multivariate 

analysis these correlations were preserved. 

  Conclusions: A general weight gain among children was noted, 

especially in boys during the lockdown, with substantial effect 

under the age of 6 years. This collateral side-effect should be 

considered in further quarantine regulations.
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phasized from another direction. According to Google trends, 
terms such as recipes, pizza, and Netflix were more frequently 
Google-searched during April 2020 in Israel than usual annual 
search rates.

However, unlike summer vacation, the pandemic could have 
reduced the risk of developing childhood obesity since fast-food 
consumption and restaurant eating were reduced [11]. We aimed 
to assess the COVID-19 lockdown effect on pediatric weight. 

PATIENTS AND METHODS

We conducted a retrospective-prospective cohort study at Assu-
ta Ashdod University Medical Center pediatric outpatient clinic. 
During the 2 months following the COVID-19 lockdown (2020, 
May-June) pediatric patients aged 0–18 years visiting our out-
patient clinics were routinely weighed and demographic and 
clinical data including previous visit weight documentation was 
collected from each patient’ medical file. 

Standardization of weight percentile for age was calculated 
according to the Centers for Disease Control and Prevention 
(CDC) database for children aged 2 to 20 years and according 
to the World Health Organization (WHO) database for children 
younger than 24 months using algorithms developed by SAS 
(SAS Institute Inc., Cary, NC, USA) [12,13]. For each patient, 
current weight percentile for age was compared using paired 
t-test with previous weight percentile for age.

STUDY POPULATION 

Patients younger than 18 years old, who attended the pediatric out-
patient clinic during May–June 2020 and had documented weight 
measurement from a previous visit, were included in the study. 

STATISTICAL ANALYSIS 

Paired t-test was performed for continuous variables. Linear 
regression model analyses were used to investigate an inde-
pendent association between age, gender, and weight percentile 
before the COVID-19 lockdown and average weight percentile 
gain post-lockdown. B, Beta, and 95% confidence intervals 
(CIs) are presented. Statistical analyses were performed us-
ing IBM Statistical Package for the Social Sciences statistics 
software, version 24 (SPSS, IBM Corp, Armonk, NY, USA). 
The study was approved by the hospital’s ethics committee.

DEFINITIONS 

Infants and preschool children were defined as children un-
der 6 years of age; School-aged children were defined as pa-
tients aged 6 to 18 years. Underweight patients were defined 
as patients with weight percentile < 5%; Overweight patients 

was measured using HealthweightTM physician scale device 
(Shekel Scales Ltd, Israel). 

Table 1. Demographic and clinical characteristics

N=229 (%)

Gender
Male 117 (51.1%)

Female 112 (48.9%)

Age group
0–6 years 60 (26.2%)

6–18 years 169 (73.8%)

Pre-COVID-19 weight 
percentile

Underweight 54 (23.6%)

Normal weight 141 (61.6%)

Overweight 34 (14.8%)

COVID-19 = coronavirus disease-2019

RESULTS

During the 2 months following the COVID-19 lockdown (May 
to June 2020) 400 patients visited our hospital’s outpatient clin-
ics. In total, 236 of 400 patients had pervious weight documen-
tation. Seven patients were over 18 years old, thus excluded 
from this study. Table 1 presents clinical and demographic char-
acteristics of the 229 patients included in the analysis. 

Mean weight percentiles for age before and after the 
COVID-19 lockdown are presented in Table 2. Total mean weight 
percentile was significantly higher following the COVID-19 
lockdown (40.44 vs. 38.82 respectively, P = 0.029). In a sub-
group analysis by gender, boys had a significant post-lockdown 
weight percentile rise (37.66 vs. 34.42, P = 0.014), while girls 
had higher baseline pre-quarantine weight percentile of 43.42, 
which had not changed following the COVID-19 lockdown. 

Patients younger than 6 years old had a significant increase 
in weight percentiles (39.18 vs. 33.58, P = 0.021) while among 
school-aged children and adolescents there was no significant 
difference in weight percentiles. In subgroup analysis by weight 
percentile group, there was a mild trend of weight percentile 
gain among underweight and normal weight patients that did not 
reach statistical significance. Three out of 229 patients (1.3%) 
became overweight following the lockdown.

In a regression analysis post-lockdown weight percentile gain 
was predicted by age, gender, and weight percentile [Table 3]. 
Being a boy and younger than 6 years old predicted significant 
weight gain, while being initially overweight or underweight 
were not associated with weight change.

DISCUSSION

We present a possible collateral effect of the COVID-19 lockdown 
on pediatric weight gain. Studies in adults found mean self-re-
ported weight gain of 1.5 kg during the COVID-19 lockdown 
[15] with higher risk for weight-gain in overweight adults [16]. 
Our study presents overall weight gain of approximately 2 per-
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centiles among outpatient clinic pediatric patients, with no asso-
ciation to patients’ pre-lockdown weight percentiles. 

The lockdown enabled a test of stay-at-home regulations, 
with more than 7 weeks of forced sedentary lifestyle. Lower 
exercise [15] and less fresh fruits and vegetables consumption 
[9] might explain the general weight gain. However, the lock-
down limitations restricted restaurant and fast-food eating [11] 
and encouraged home cooked meals. 

In our cohort, girls had higher baseline average weight 
percentile that remained unchanged after the lockdown; how-
ever, the average weight percentile of boys was significantly 
increased after the lockdown. This finding might be explained 
by a more dramatic change in lifestyle during the lockdown for 
boys, who generally tend to have a more active and less seden-
tary lifestyle than girls [17].

Patients younger than 6 years old significantly gained weight 
post-COVID-19 lockdown. This age group attends daycares and 
kindergartens and naturally frequently endures respiratory and 

gastrointestinal viral illnesses. Theses viral illnesses have been 
reduced with social distancing and closing of daycare centers 
[18,19], thus perhaps enabling weight gain. 

In contrast to a common concern [20], when analyzed by age 
groups, there was no post-lockdown weight gain among adoles-
cents and school-aged children. 

STRENGTHS

The major strength of our study is the accurate, routinely per-
formed, weight measurements in our outpatient clinic with the 
same weighing device. Another strength is that our hospital is 
placed in an urban area, where most patients live in apartments, 
thus the lockdown sedentary stay-at-home effect was enhanced.

LIMITATIONS

Our study has several limitations. We used weight percentiles 
adjusted for age rather than BMI since height is not routinely 
measured in every visit to our clinic. Given that the children's 
weight was compared to their own weight, and no significant 
height changes are expected in this short time frame, it is our 
opinion that weight percentile changes are relatively reliable. 
Another limitation is the relatively small sample size. The size 
of our cohort was limited by the slow exit from lockdown, con-
sequently there were many patients who avoided visiting hospi-
tals. We did not want to extend the study period as to minimize 
the effect of the post-lockdown period when children resumed 
their activities. 

CONCLUSIONS

The COVID-19 lockdown correlated with general weight gain 
among children, especially boys. Children under the age of 6 
years had the most substantial weight gain. Further prospective 
studies, including BMI measurements in pediatric patients, are 

Table 2: Outcome: mean weight percentile for age before and after the COVID-19 quarantine 

n
Pre-quarantine weight 

percentile mean ± 
standard deviation)

Post-quarantine weight 
percentile mean ± 
standard deviation

95% confidence interval P value

All patients 229 38.82 ± 33.67 40.44 ± 34.43 (0.16 to 3.07) 0.029

Gender
Male 117 34.42 ± 31.54 37.66 ± 33.71 (0.67 to 5.81) 0.014

Female 112 43.42 ± 35.32 43.34 ± 35.1 (-1.32 to 1.16) 0.889

Age group

< 6 years 60 33.58 ± 27.4 39.18 ± 32.26 (0.87 to 10.31) 0.021

6–18 years 169 40.68 ± 35.52 40.89 ± 35.26 (-0.8 to 1.22) 0.687

Weight percentile group

Underweight 54 1.92 ± 1.66 3.72 ± 10.12 (-0.83 to 4.43) 0.176

Normal weight 141 39.44 ± 23.52 41.45 ± 25.59 (-0.12 to 4.14) 0.065

Overweight 34 94.86 ± 4.32 94.57 ± 4.84 (-1.55 to 0.97) 0.646

COVID-19 = coronavirus disease-2019

Table 3. Multivariate analysis of factors associated with post-
lockdown weight percentile gain

R2 B Beta
95% 

confidence 
interval

P value

0.05 0.003

Male gender 3.12 0.14 (0.27 to 5.97) 0.032

Preschooler 
(< 6 years of age)

5.26 0.21 (1.99 to 8.53) 0.002

Underweight 0.56 0.02 (-2.90 to 4.02) 0.750

Overweight -0.90 -0.03 (-5.06 to 3.26) 0.670
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needed. However, this collateral side effect on the pediatric pop-
ulation should be considered in further quarantine regulations. 
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Capsule

MPO in myeloid cells mitigates melanoma

Myeloid cells such as neutrophils and macrophages generate 
hypochlorous acid (HOCl) through the enzymatic activity of 
myeloperoxidase (MPO) to kill microbes. Using cocultured 
cells and real-time intravital tumor imaging in mice, Liu et 
al. found that HOCl generated by MPO in myeloid cells 
inhibited the early development of subcutaneous melanoma 

tumor cells. HOCl promoted a transcriptional profile in T 
cells associated with T cell activation and in B16F10 cells, 
which is suggestive of an antioxidant response.

Sci Signal 2021; 14: eaax5971 
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Capsule

Recruiting T cells to cure cancer

Immune checkpoint blockade is an effective 
immunotherapeutic strategy for some patients, but the 
biomarkers of response are unclear. To be able to treat 
more patients effectively or to treat patients who are 
most likely to respond, it is important to understand the 
mechanism of these agents. In a perspective, Yost and 
colleagues discussed the evidence that responses to 
immune checkpoint blockade involve recruiting T cells to 

tumors rather than activating T cells that are already within 
tumors. This shift in thinking has implications for when 
immunotherapy is given to patients relative to surgery 
and for combination treatments that might improve the 
infiltration of T cells into tumors and thereby improve 
responses.

Science 2021; 372: 130 

Eitan Israeli


