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Height measurements to diagnose short stature
and obesity during after-hours period are ine�cient.
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Abstract
Background: Pediatricians in Japan usually measure child body weight during medical examinations.
However, they rarely measure child height. Furthermore, during examinations at night or on holidays they
may not measure child height at all. There are no reports addressing the e�ciency of pediatric height
measurement during medical examinations, especially those taking place at night or on holidays. Our
study asked whether height measurements and obesity index calculations during all pediatric visits were
e�cient.

Methods: We analyzed data collected on patients between the ages of 3 and 10 years who visited a
pediatrics department over a 1-month period. We divided the patients into four groups based on when
they visited the department: 1) weekday-day, 2) weekday-early night, 3) weekday-late night, 4) holiday-
day. The height and the body weight of all patients were measured. This analysis included 1101 patients.
The numbers of patients visiting the hospital were 727, 176, 34, and 164 for daytime, early night, late
night, and holiday visits, respectively.

Resalts: There were no signi�cant differences in ages of children visiting at different times (p=0.57).
However, there were signi�cant differences in height variation among children visiting at different times
(p=0.008), with the late-night group being the most variable. There were no signi�cant differences in the
incidence of obesity (depend on body mass index (BMI)) among patients visiting at different times
(p=0.44); however, signi�cant variations were found for BMI among the patients, (p=0.03), being
signi�cantly lower for the late night group than the others.

Conclusions: We conclude that using height measurement to detect short stature (SS) and calculating
BMI to detect obesity is ine�cient for children who visit hospital during emergency times.

Introduction
Short stature (SS) is de�ned as height of -2.0 standard deviations (SD) or less than children of the same
sex and age. Height assessment is important, as 5% of SS cases are treatable, such as in growth
hormone de�ciency (GHD), Turner's syndrome in females [1], malnutrition, and abuse during childhood.
SS is typically found through information from parents, multiple checkups, and visits to pediatrics
departments. In Japan, it is common practice for pediatricians to measure child body weight. However,
they do not always measure child height during examinations conducted in daytime. Furthermore,
pediatricians may not measure child height at all during examinations at night or on holidays. Therefore,
cases of SS may be overlooked despite, examination. There are no reports concerning the e�ciency of
pediatric height measurements at medical examination, especially during nighttime visits or holidays. Our
study asked whether pediatric height measurements and obesity index calculations are e�cient in the
context of patients visiting at different times of the day, and weekdays vs. holidays.

Methods
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We recruited patients analyzed data collected on patients who can keep still for measuring height
between the ages of 3 and 10 years who visited the pediatrics department at Oita Children's Hospital
between 1st and 28th February 2016. At hospital reception, hospital staff asked guardians about
perinatal information (gestational age, birth weight, height of birth, birth order). The height and body
weight of all patients were measured by trained nurses. We excluded some patients who could not record
their height and/or weight due to sleeping or poor condition to keep standstill or suspicion of air infection.

The Oita Children's Hospital has 40 beds for mainly primary care and secondary emergencies; it does not
have an intensive care unit. We divided the patients into four groups based on when they visited the
department: 1) weekday-day, 2) weekday-early night, 3) weekday-late night, 4) holiday-day. Weekdays
were Monday to Friday; holidays included Saturday, Sunday, and national holidays. Daytime was de�ned
as 9 am to 5 pm, early night as 5 pm to 12 pm, and late night as 12 am to 9 am. Weekday-early night,
weekday-late night, and Holiday visits were considered as “emergency” visits. We de�ned obesity as a
body mass index (BMI) above the 95th percentile[2]. Small for gestational age (SGA) is de�ned as a
condition in which birth weight and height are lower than the 10th percentile compared to the
anthropometric standard at birth for each trimester of pregnancy.

Statistical analysis
The normality of the data distribution was analyzed using the Shapiro-Wilk test with alpha set at 0.05.
The parametric continuous variables age and height were presented as means with standard deviations
(SDs). Nonparametric continuous variables comprising body weight (in kg) and BMI percentile were
presented as medians with interquartile ranges (IQR). Between-group comparisons were conducted using
the Kruskal-Wallis test and the Steel test (with daytime as the control). Fisher's exact tests analyzed
gender, and incidences of short stature and obesity. The data were analyzed using JMP version 13.2.1 for
Windows (SAS Institute Inc., USA). All data generated or analysed during this study are included in this
published article and its supplementary information �les.

Results
A total of 6205 patients visited Oita Children's Hospital during the study period, including 3449 who were
between 3 and 10 years old (55.5%). The guardians of 2936 patients (85%) consented to the child’s data
being used. Data from 1835 patients were excluded due to being incomplete: 947 records were missing
the height information, 640 concerned the third visit or more by the same child, 181 contained neither
height nor weight information, and 29 were missing an identi�cation number. Data from an additional 11
patients were excluded because the patient was either under 3 years or over 11 years of age, 9 because
height was more than 10 SD above the mean, and one because the visit time was not recorded (Fig. 1).

We analyzed data from 1101 patients, of which 555 were male (50.4%). The numbers of patients visiting
the hospital were 727, 176, 34, and 164 during daytime, early night, late night, and holidays, respectively.
The mean age of patients was 6.18 ± 2.14 years. There was no signi�cant age variation among groups
visiting the hospital at different times (p=0.57).
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The data for height SD were normally distributed (p=0.016) (Fig. 2), with an overall mean of 0.17±1.13
SD. The mean height SDs of children visiting at different times were 0.17±1.29, 0.11±1.08, 0.76±0.73, and
0.23±1.18 for daytime, early night, late night, and holiday, respectively. There were signi�cant differences
related to times of visiting (p=0.008). More speci�cally, the mean value for the late-night group was
signi�cantly higher than for the other groups.

The number of patients recorded as obese based on body weight was 55 (4.99% of 1101). Within this
patient group, the numbers visiting during daytime, early night, late night and holidays were 33 (4.53% of
Daytime visitors), 13 (7.38%), 2 (5.88%) and 7 (4.26%), respectively. There were no signi�cant differences
in the incidence of obesity among patients presenting at different times (p=0.44).

The BMI percentile data were not normally distributed. The overall median BMI percentile was 59.2 (IQR:
36.6–78.8), and 59.9 (IQR: 38.1–79.1) for daytime visits, 64.8 (IQR:37.7-82.95) for early-night visits, 46.3
(IQR:29.9-76.6) for late-night visits, and 53.8 (IQR:32.0-73.5) for holiday visits. There were signi�cant
differences among these values (p=0.03). When we compared the groups, the mean value for the late-
night group was signi�cantly low (Table1).

Table1. The characteristics of participants for each visiting time.

    Time of visit  

    Daytime Early night Late night Holiday p

All   727 176 34 164 0.97

F   359 90 17 80  

M   368 86 17 84  

Age (y) mean 6.28 5.95 6.25 6.01 0.14

  SD 4.54 4.78 5.15 4.47  

Ht-SDS mean 0.16 0.11 0.76 0.23 0.008

  SD 1.38 1.08 0.73 1.18  

BW (kg) median 19.5 18.85 20.35 18.65 0.18

  quartile range 8.2 8.18 7.95 6.87  

BMI percentile median 59.9 64.8 46.3 53.85  

  quartile range 41 45.25 46.7 41.53  

Short stature   22 3 0 4 0.774

BW: body weight; F: female, Ht–SDS: height–standard deviation score; kg: kilograms; M: male; y:
years; SD: standard deviation.
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Discussion
The results of this study suggested that pediatric height measurements or obesity index calculations at
patient visits to evaluate SS and/or obesity during after-hours period were ine�cient.

In Japan, due to the universal health insurance system the examination fee is modest and almost the
same for visits during emergency and regular times. Non-emergency patients sometimes visit the hospital
at various times during the day due to parental anxiety[3, 4]. Social and economic factors in the family,
education, and health care awareness may all increase the incidence of emergency visits[5]. Furthermore,
children classi�ed as being in poverty had more emergency time hospital visits [6]. We considered the
possibility that a higher proportion of the patients visiting during emergency time had SS due to poor
nutrition. We think it might be possible to �nd children with SS that had previously gone undetected. Our
results do not show more children with SS as a function of the time of emergency. We reasoned that the
height distributions would be normal for all visiting times. However, the absence of patients with SS
during late-night visits might re�ect the small number of such visits. With more late-night visits the
number of SS cases may also increase. During emergency times hospitals are staffed by a limited
number of doctors, nurses, and other personnel. Measurering the height of unwell children when medical
resources are limited is ine�cient.

We expected that the numbers of obese patients at emergency times would be high, but this was not the
case; the BMI distribution appeared normal. Although caution is required in view of the small number of
emergency time visits, we also suggest that calculating BMI, given the limited resources available during
emergency times is ine�cient.

We used perinatal information to detect SGA but found no treatable SGA patients in this study. The
prevalence of SGA in Japan is 3.5% [7], and the estimated percentage of SGA cases that meet the criteria
for GH treatment is 0.06%. We had no treatable SGA cases because of the relatively meager perinatal
information available. We would also argue that obtaining perinatal information with a view to detecting
SGA during emergency time examinations is ine�cient.

There were several limitations to this study. First, we focused on pediatric examinations in a single
hospital, for only one month. Because patient characteristics change across the seasons, it would be
valuable to extend such a study throughout the year. Similarly, some patient characteristics might vary
across geographical regions, and so regional factors should be considered. Second, our study excluded
patients under 3 years old and over 10 years old. We intended to measure height exactly with a standing
position. So, we do not know if late-night measurements are suitable or effective for patients in those two
age categories. Third, only 31.9% of the target-age patients who visited the hospital had their height
measured. We excluded the patients who could not measuring height and/or weight exactly with a
standing position. The excluded patients are poor condition, emergency condition, sleeping or suspicion
of air infection. Therefore, there might be more cases of SS and obesity patients than we were able to
detect. Finally, outcomes may be different depending on how many patients the hospital receives during
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emergency times; a hospital receiving hundreds might produce a different picture than one receiving
relatively few.

Conclusions
The height measurement to detect SS and calculating BMI to detect obesity for children who visit the
hospital during after-hours is ine�cient.
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GHD: Growth hormone de�ciency, BMI: Body mass index, SD: standard deviations, SGA: Small for
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Figure 1

A �ow chart of the study participants. ID; identi�cation, n; number, SD; standard deviation.

Figure 2
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The distribution of height and weight for participants. A–E; the distribution of height–SD, F–J; the
distribution of BMI–percentile. BMI; body mass index, SD; standard deviation.


