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1  |  INTRODUC TION

The COVID-19 pandemic changed the face of medicine worldwide 
in every medical field and aspect, resulting in the rapid development 
of many remote medical services.1 During lockdown times, growth 

assessment (ie, measurement of height and weight of children with 
various medical conditions) relied solely on parents’ reported meas-
urements. The accuracy of these measurements is fundamental 
for proper clinical decision-making in all fields of paediatrics, espe-
cially in treating conditions such as failure to thrive, short stature, 
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Abstract
Aim: The COVID-19 pandemic prompted the rapid development of remote medical 
services. During lockdown periods, children's growth data were obtained from par-
ents’ home assessments. This study aimed to assess the accuracy of home height and 
weight measurements and analyse their utility in clinical decision-making.
Methods: A retrospective, single-centre observational study. Children aged 3–18 years 
were measured for weight and height at home using guidance provided to parents on 
proper measurements techniques before subsequent professional re-evaluation at 
our endocrine institution clinic. The two sets of measurements were compared and 
analysed according to various clinical parameters.
Results: Height measurements at home and in the clinic were comparable 
(diff = 0.1 ± 1.3cm, p = 0.42) amongst the 107 children (mean age 10.2 ± 3.7, 56.1% 
males) participating in the study, except in overweight and obese children where they 
were significantly higher in the clinic (diff = 0.86 ± 1.48cm, p = 0.018). Weight and 
BMI were significantly higher in the clinic (diff = 0.45 ± 0.8kg and diff = 0.3 ± 0.6kg/
m2, p<0.001 and p<0.001, respectively).
Conclusions: Height measurements of children by their parents were accurate except 
in obese and overweight children, whereas weight measurements tended to be lower 
than in the clinic. With proper guidance, parents’ home measurements of height and 
weight are accurate and suitable for clinical decision-making.
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childhood obesity and children treated with growth hormone (GH). 
Previous studies analysing the validity of parent-reported weights 
and heights in children have reached conflicting conclusions. Some 
studies have shown low accuracy, whilst others published encourag-
ing results claiming these measurements were sufficient for accu-
rate BMI categorisation.2-6 In some studies, parents were instructed 
how to correctly measure their children's weight and height at home, 
and in others, not.6,7

At the beginning of the COVID-19 pandemic, we provided 
all the parents of children treated in our endocrine clinic with 
written and illustrated instructions and directed them to a video 
available on our medical centre website, describing the accurate 
way to measure their child's height and weight.8  We used the 
reported measurements for clinical decision-making during our 
remote visits. At times of ease of the pandemic in Israel, we rein-
troduced some in-hospital services. To service our patients safely 
and efficiently, we asked parents to continue measuring height 
and weight at home and to report the results at their subsequent 
clinic visit. The patients were then re-measured in our clinic, al-
lowing us to compare the reported measurements to objective 
measurements done by medical personnel.

The study's objectives were to assess parents-reported child 
height and weight accuracy compared to in-clinic measurements.

2  |  PATIENTS AND METHODS

A retrospective study analysing the accuracy of home measure-
ments of height and weight in children attending the endocrine clinic 
at Schneider Children's Medical Center of Israel (SCMCI) for vari-
ous endocrine conditions. The Ethics Committee of our institution 
approved the study according to the World Medical Association's 
Declaration of Helsinki.

2.1  |  Patients

The study included healthy children aged 3–18 years, measured 
for weight and height at home the day before visiting the endo-
crine clinic, and re-measured in the clinic by experienced medical 
personnel. Excluded were children whose height was not meas-
ured at home, children with skeletal deformities, those who could 
not stand by themselves, and those where technical difficulties 
prevented proper measurements in the clinic. Data collected on 
each patient included gender, age, height and weight at home and 
in the clinic. To compare the accuracy of home measurements in 
subgroups of the cohort, the participants were subdivided ac-
cording to the following clinical parameters: (1) overweight and 
obese children as compared to normal-weight children [over-
weight defined according to the Centers for Disease Control 
and Prevention (CDC) as BMI at or above the 85th and below the 
95th percentile, and obesity as BMI above the 95th percentile]9; 
(2) short-statured children as compared to children with normal 

height (short stature defined as more than two standard devia-
tions below the mean height for their age according to the CDC 
growth charts)10; and growth hormone-treated as compared to 
non-growth hormone-treated children.

2.2  |  Height and weight measurements

Parents were guided on how to measure their children at home ac-
cording to CDC guidelines.8 Instructions were given orally by phone 
and sent via email, including a Figure S1 as shown in the supple-
mentary material and a link to a short tutorial video on the SCMCI 
website. These instructions emphasised proper clothing and body 
position of the measured child, as well as the correct measure-
ment technique to be used. In-clinic heights were measured with a 
Harpenden stadiometer (Holtain Ltd., Crosswell, United Kingdom) 
and weight with a calibrated scale. Body mass index (BMI) was cal-
culated as weight (kg)/height2 (m2).

2.3  |  Statistical analysis

Continuous normally distributed data are expressed as mean (±SD), 
non-normally distributed continuous data as median [interquartile 
range (IQR) and range], and categorical data as number and percent-
age. The differences between clinic and home measurements were 
calculated (diff = clinic measurement — home measurement). A one-
sample t test was used to evaluate the null hypothesis that the mean 
of the difference equals zero. Linear multivariate regression analysis 
was used to assess the effects of age and gender on the differences 
between clinic and home measurements.

Bland-Altman plots were used to display the degree of agree-
ment between measured and parents-reported weight, height and 
BMI. In short, Bland-Altman plots are used to evaluate the agree-
ment among two different instruments or two measurement tech-
niques, allowing identifying any systematic difference between the 
measurements (ie, proportional bias) or possible outliers. The mean 

Key Notes

•	 The study evaluates the accuracy of parents-reported 
height and weight measurements of their children dur-
ing COVID-19 lockdowns following guidance on proper 
measures techniques.

•	 Height measurements of children by their parents were 
accurate except in obese and overweight children, 
weight measurements tended to be lower than in the 
clinic.

•	 With proper guidance, parents’ home measurements of 
height and weight are accurate and suitable for clinical 
decision-making.
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difference is the estimated bias, where the SD of the different mea-
surements is the random fluctuation around this mean. If the mean 
value of the difference differs significantly from 0, the presence of a 
fixed bias is indicated. It is common to compute 95% limits of agree-
ment (LOA) for each comparison (average difference ± 1.96 stan-
dard deviations of the difference). If the differences between 
means ± 1.96 SD are not clinically significant, the two methods may 
be used interchangeably. The difference between the methods is 
regressed based on the average of the two methods, searching for 
a proportional bias.11

3  |  RESULTS

Table 1 describes the study cohort of 107 children who participated 
in the study. The mean height difference between home and clinic 
measurements was not statistically significant (diff = 0.1 ± 1.3 cm, 
p  =  0.42), and no proportional bias was found. In a multivariate 
analysis, age and gender did not affect differences in height meas-
urements. Figure  1  shows the Bland-Altman plot of agreement 
between the height measurements. Weight and BMI were signifi-
cantly higher when measured in the clinic compared to parents-
 reported measurements [diff  =  0.45  ±  0.8  kg (p  <  0.001), and 
diff = 0.3 ± 0.6 kg/m2 (p < 0.001), respectively]. No proportional 
bias was found for both weight and BMI analyses. The difference 
between clinic and home weight measurements was not affected 
by gender but had an inverse correlation with the child's age, with 
reported weights tending to be lower than those measured in the 
clinic (r = 0.25, p = 0.045). BMI differences were not significantly 
affected by age or gender. Figure 2 shows the Bland-Altman plot of 
agreement between the weight and BMI measurements at home 
and in the clinic. Table  2 depicts a subgroup analysis. Heights 
measured at home in overweight and obese children were signifi-
cantly lower than in the clinic (diff = 0.86 ± 1.48cm, p = 0.018). 
This group is significantly different from normal-weight children, in 
which such a difference was not observed (between-group differ-
ence, p = 0.003). No other subgroup differences in weight or height 
measurements were found (Table 2).

4  |  DISCUSSION

The study aimed to assess the reliability of parents-reported meas-
urements of height and weight of children during the COVID-19 
pandemic. Measurements of height taken by the children's parents 
were comparable to those taken in the clinic, except in overweight 
or obese children in which weight and BMI measured at home were 
significantly lower than when taken in the clinic.

Remote growth assessment of children became of crucial sig-
nificance in endocrine clinics during the COVID-19 pandemic. Our 
findings suggest that height measurements taken by the children's 
parents were comparable to those done in the clinic. These results 
contradict most previous studies looking at the accuracy of paren-
tally reported height measurements.2-6 However, those studies 
relied on surveys of relatively large populations that replied to ques-
tioners, where in most cases, parents were not asked to measure 
their children. Moreover, in the few studies where parents were 
asked to measure their child's height, they were not instructed how 
to do it correctly.6,7 Our study differs in that it constitutes a co-
hort of children who regularly attend an endocrine clinic mainly for 
growth assessment, and some of whom are treated with GH. Their 
parents have been exposed to growth measurements in the clinic, 
understand the importance of accurate measurements and were in-
structed how to take growth measurements at home. It is, therefore, 
possible that under these conditions, height measurements taken at 
home may be accurate and suitable for clinical decision-making in 
an endocrine clinic setting. Interestingly, in overweight and obese 
children, parental height measurements were significantly lower 
compared to the clinic measurements. The reason for this difference 
is not clear. It has been suggested that excessive body weight in-
creases the risk of developing lumbar hype-lordosis and causes pos-
terior axial tilt, which lowers the measured height.12  Therefore, it 
is plausible that these children's overall body shape interfered with 
parental measurements more than in the clinic, where experienced 
personnel overcame these effects by employing appropriate mea-
surement techniques.

In our study, as previously reported by others, parents tended 
to report a lower weight than the clinic's measured weight, with 
underreporting of weight increasing with age.5,13 It is suggested 
that underreporting of weight, especially of older and heavier 
children, is because of parental misperceptions and social desir-
ability.4,13-15 In our study, children were weighed at home before 
visiting the clinic, thereby minimising the effects of perceptions 
and desirability. Therefore, the disparities in weight may be due 
to additional factors, such as the precision of household scales. 
Previous studies demonstrated that many scales used to mea-
sure body weight at home, clinic or fitness centres are imprecise. 
Furthermore, these studies suggested decreased precision of the 
scales as weight increased.16,17 Another factor possibly explain-
ing the difference between home and clinic weights may be the 
variability of weight during the day.18 Bodyweight is a bit lower in 
the morning because less food and fluids are consumed overnight, 
and water is lost through sweat and breathing.18,19 While children 

TA B L E  1  Descriptive statistics of the study cohort

Participants (n = 107) Mean ± SDa 

Age (years) 10.2 ± 3.7

Gender—Male (%) 60 (56.1%)

Height at home (cm) 132.4 ± 21.0

Height at the clinic (cm) 132.3 ± 20.9

Weight at home (kg) 34.6 ± 15.1

Weight at the clinic (kg) 35.0 ± 15.3

BMI at home (kg/m2) 18.2 ± 4.0

BMI at the clinic (kg/m2) 18.5 ± 4.0

aData presented as Mean ± SD unless otherwise specified.
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were weighed in our clinic between 8–12 am, at-home measure-
ments were done at various times, including early in the morning 
when weight was at its lowest during the day. Nevertheless, in the 

current study, the differences in weight and BMI between home 
and clinic measurements were relatively minor compared to previ-
ous studies.5,7,20 These differences of less than 0.5 kg and 0.3 kg/

F I G U R E  1  Bland-Altman plot 
comparing height at home and in the clinic

F I G U R E  2  Bland-Altman plots 
comparing (A) weight and (B) BMI at home 
and in the clinic
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m2 for weight and BMI, respectively, are, in our opinion, accept-
able for clinical decision-making.

Our study is limited by its relatively small cohort. However, it is 
unique insofar as the parents were instructed on how to measure 
their children correctly. The validity of our results is strengthened 
by the fact that all confirmatory measurements were done in a single 
endocrine clinic by experienced personnel. Nevertheless, more ex-
tensive studies are needed to confirm our findings.

In conclusion, height measurements of children by their par-
ents were accurate except in obese and overweight children, 
whereas at-home weight measurements tend to be lower than in 
the clinic. Our results suggest that with the proper guidance of 
parents, home measurements of height and weight may be suffi-
cient for everyday clinical decision-making. In this era, where re-
mote medicine is ubiquitous, we believe that home measurements 
can be clinically used.
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