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OBJECTIVES Accurate determination of ideal body weight (IBW) in pediatric patients is important for the 
proper dosing of many medications and the classification of nutritional status. There is no consensus on the 
best method to calculate IBW. The purpose of this study is to evaluate and compare 7 different methods 
used to calculate IBW in the pediatric population.

METHODS This was a retrospective observational study. All subjects were pediatric inpatients at a 536-bed 
community teaching hospital between January 1, 2016, and June 30, 2017. Subjects were divided into 2 
cohorts: cohort 1 was aged 12 months and 0 day to 35 months and 30 days, and cohort 2 was aged 36 
months and 0 day to 17 years and 364 days. The McLaren method was used as the reference to compare 
with 6 other methods: Moore method, Devine method, American Dietetic Association (ADA) method, body 
mass index (BMI) method, Traub equation, and simplified Traub equation.

RESULTS For cohort 1 (n = 347), the Moore method was not statistically different from the McLaren method 
with a mean difference of −0.07 kg (95% CI: −0.14 to 0.01, p = 0.07). For cohort 2 (n = 1095), the BMI method 
was not statistically different from the McLaren method with a mean difference of 0.17 kg (95% CI: −0.07 to 
0.40, p = 0.17).

CONCLUSIONS In both cohorts, the majority of methods used to calculate IBW in pediatric patients leads 
to statistically different results when compared with the McLaren method. For certain methods, these 
differences become pronounced at high and low height percentiles and in older age groups.
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Introduction
Accurate determination of ideal body weight (IBW) 

in pediatric patients is important for the proper dosing 
of many medications, such as acyclovir, digoxin, and 
morphine.1 It is also crucial in other scenarios, such as 
tidal volumes prescribed in mechanically ventilated 
patients.2 If IBW is calculated inaccurately, it can lead 
to under or over dosing of medications, causing re-
duced efficacy or increased toxicity.1 It can also lead to 
discrepancies in the care of serious conditions such as 
acute respiratory distress syndrome.2 IBW is defined 
as being a reflection of lean body mass.1 Dosing con-
siderations regarding IBW may be especially true for 
patients with obesity, and the obesity rate for patients 
ages 2 to 19 years from 2011 to 2014 was 17%.3 The 
Pediatric Pharmacy Advocacy Group recommends that 
clinicians should consider pharmacokinetic analysis for 
adjusting medications whenever possible in children 
with obesity to ensure the most effective and safe regi-
men. Incorrect dosing is the most commonly reported 
medication error in children and can lead to lack of ef-
ficacy if subtherapeutic or toxicity if supratherapeutic.4,5 

Furthermore, IBW is important for the classification of 
nutritional status.6 Although many different IBW calcula-
tion methods exist, there is no consensus on the most 
accurate method for pediatric patients.7

The McLaren method was the first method published 
in 1972 and was originally developed to classify malnu-
trition. It is a growth chart-based method that compares 
weight and height in relation to a child’s age. This 
method requires graphing a vertical line between the 
child’s height on the height-for-age line and the cor-
responding 50th percentile weight to determine IBW.8

The most commonly used adult equation for IBW, the 
Devine method, was published in 1974 in order to aid 
in the dosing of gentamicin.9 For men, IBW = 50.0 + 2.3 
× (ht – 60 in); whereas for women, IBW = 45.5 + 2.3 × 
(ht – 60 in).10 To our knowledge, there has not been a 
study that has evaluated if this method is appropriate 
for adolescents.

In 1983, the Traub equation for pediatric IBW was 
published as a way to calculate ideal body mass without 
graphing. Unlike other methods, the Traub equation 
only requires knowledge of the child’s height in cen-
timeters: IBW (kg) = 2.396e0.01863(ht).11 Lexicomp further 
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simplifies the Traub equation to [(ht2) × 1.65] ÷ 1000.12
The Moore method, an additional growth chart-based 

method, determines IBW by looking at the same weight 
percentile line as the child’s height percentile for that 
age. For example, if a child has a height in the fifth 
percentile, his IBW should be at the fifth percentile of 
weight for this age.13

In 2003, the American Dietetic Association (ADA) 
published an infrequently used method that determines 
the IBW by reviewing the growth chart and identifying 
the 50th percentile value on the weight-for-age chart.14 

Finally, the body mass index (BMI) method was pro-
posed in 2006 and used the following equation: IBW 
(kg) = [BMI at the 50th percentile for that child’s age × 
(ht in meters)2]. Of note, it was originally developed to 
be a tool for screening individuals who may be over-
weight or underweight and not necessarily as a tool 
to calculate IBW.15

Previous research that compared multiple methods 
suggested that the McLaren, Moore, and BMI methods 
had good correlation at the 50th percentile through age 
18 years and across all percentiles in children younger 
than 8 years old. However, these 3 different methods 
provided widely divergent results for IBW at the lowest 
and highest percentiles in patients aged 8 to 18 years.7 

The objectives of this study, which focused on patients 
12 months to younger than 18 years of age, were to 
evaluate and compare the 7 methods previously men-
tioned in estimating IBW in the pediatric population.

Materials and Methods
Patients and Study Design. All subjects in this 

retrospective observational study were inpatients at a 
536-bed community teaching hospital between January 
1, 2016, and June 30, 2017. Subjects aged 12 months 
and 0 day to 17 years and 364 days were included. 
Patients were excluded for the following reasons: 1) no 
height data, 2) no weight data, and 3) had a diagnosis of 
medical conditions, such as growth hormone deficiency 
or cerebral palsy, that would substantially affect their 
height and/or weight. The broad nature of the inclusion 
criteria was chosen to mimic actual patients who were 
admitted to the hospital.

The primary objective of this study was to compare 
the previously mentioned methods of calculating pe-
diatric IBW with the McLaren method across all height 
percentiles and ages. Although there is no guideline 
defined as the gold standard, the McLaren method was 
chosen as a comparator because it is still commonly 
referenced as a primary method of calculating IBW 

Table 1. Baseline Characteristics of the Study Population (N = 1442)

Characteristic Value

Cohort 1 (n = 347) Cohort 2 (n = 1095)

Boys, no. (%) 188 (54.2) 574 (52.4)

Age, yr, mean ± SD
 3 to <8 yr, no. (%)
 ≥8 yr, no. (%)

1.8 ± 0.6
—
—

10.6 ± 4.7
388 ± 35.4
707 ± 64.6

Weight, kg, mean ± SD
 3 to <8 yr, mean ± SD
 ≥8 yr, mean ± SD

11.9 ± 2.3
—
—

45.5 ± 26.7
20.3 ± 6.2
59.3 ± 23.4

Height, cm, mean ± SD 83.8 ± 8.5 141.3 ± 27.0

PICU admission, no. (%) 43 (12.4) 192 (17.5)

Race, no. (%)
 White
 Black
 Asian
 Other
 Not specified

152 (43.8)
142 (40.9)

8 (2.3)
16 (4.6)
29 (8.4)

441 (40.3)
476 (43.5)

20 (1.8)
72 (6.6)
86 (7.9)

Height percentiles, no. (%)
 ≤5%
 >5%–10%
 >10%–25%
 >25%–50%
 >50%–75%
 >75%–90%
 >90%–94%
 ≥95%

56 (16.1)
22 (6.3)
53 (15.3)
62 (17.9)
65 (18.7)
39 (11.2)
16 (4.6)
34 (9.8)

100 (9.1)
46 (4.2)
123 (11.2)
205 (18.7)
233 (21.3)
156 (14.2)
77 (7.0)

155 (14.2)

BMI, kg/cm2 (≥2 yr), mean ± SD 16.6 ± 2.4 20.7 ± 6.8
BMI, body mass index; cm, centimeters; PICU, pediatric intensive care unit
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in children and was the first of the 7 methods to be 
published in the literature.7,13,16,17 The McLaren method 
was also recommended as the preferred method of 
calculating IBW in mechanically ventilated patients, 
because it had the best agreement with other methods 
compared.2 Secondary objectives included determin-
ing the method that was the best comparator of the 
McLaren method for the following subgroups: 1) ≤5% 
height percentile, 2) ≥95% height percentile, 3) 3 to <8 
years old, and 4) ≥8 years old. This study was approved 
by the institutional review board, and full waiver of 
informed consent was granted.

Data Collection. All patient charts were obtained 
from the institution’s electronic medical record. Once 
inclusion criteria were met, data elements, including 
demographic information, were abstracted from each 
patient’s medical chart. Height and weight data were 
obtained based on the most recent admission and 
were matched with the exact age of the patient at that 
admission.

Data analysis was separated into 2 cohorts because 
height is typically measured in the supine position when 
patients are <36 months old. Measuring in the supine 
position requires that the birth to 36 months’ length-
for-age and weight-for-age growth charts to be used.7 
For patients ≥36 months, height is typically measured in 
the standing position. This requires that the children 2 
to 20 years’ stature-for-age and weight-for-age growth 
charts to be used. Cohort 1 included patients aged 12 
months and 0 day to 35 months and 30 days. Cohort 
2 included patients aged 3 years and 0 day to 17 years 
and 364 days. For cohort 1, IBW was calculated using 
the McLaren method, Moore method, Traub equation, 
simplified Traub equation, and ADA method. For cohort 
2, IBW was calculated using the previous 5 methods 
in addition to the BMI method and the Devine method 
if the subjects were >60 inches tall. For all methods 
requiring growth charts, these were obtained from the 
Centers for Disease Control and Prevention website.18

Sample Size. Data from an initial pilot explored 
estimation precision of 95% CIs for the differences in 
calculated IBW between the McLaren and other meth-
ods. This demonstrated that for cohort 1, a sample size 
of 300 patients would provide 90% power to construct 
95% CIs no wider than ± 0.1 kg, and for cohort 2, a 
sample size of 900 patients would provide 90% power 
to construct 95% CIs no wider than ± 0.5 kg.

Statistical Analysis. Analysis of variance was per-
formed to assess the IBW differences between the 
McLaren method and other methods of calculating IBW. 
Confidence intervals and p values were reported. The 
Benjamini-Hochberg procedure was used to control 
the potential false discovery rate from multiple com-
parisons, maintaining α at 0.05.19 Graphical depictions 
of estimated IBW difference between the McLaren 
method and each of the alternative methods were 
constructed. All statistical tests were 2-sided. Compu-Ta
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tations were performed using Stata 15.1 (Stata Corp, 
College Station, TX).

Results
One thousand five hundred thirty-five subjects were 

screened, and 1442 were included in the study. Baseline 
demographics are listed in Table 1. The mean total body 
weight in cohort 1 was 11.9 kg, and the mean height 
percentile was 45.5%; whereas in cohort 2, 45.5 kg 
and 55.6%, respectively.

Cohort 1. For the primary outcome, all methods 
except the Moore method were statistically different 
when compared with the McLaren method across all 
data points. The mean difference between the Moore 
and McLaren methods was −0.07 kg (95% CI: −0.14 to 
0.01, p = 0.07). Mean differences of all other methods 
are shown in Table 2. None of the methods had a mean 
difference >10% as compared with the mean weight of 
the cohort. The graphical depictions show the trend of 

all methods compared with the McLaren method across 
all height percentiles (Figure 1) and ages (Figure 2).

For patients with height percentiles ≤5% and ≥95%, 
all methods were statistically different from the McLaren 
method, but the Traub equation was the closest approxi-
mation in both subgroups (Table 2). For the subgroup of 
patients with height percentiles ≤5%, the ADA method 
had a mean difference >10% as compared with the mean 
weight. For the subgroup of patients with height percen-
tiles ≥95%, the Moore and ADA methods both had a mean 
difference >10% as compared with the mean weight.

Cohort 2. For the primary outcome, all methods ex-
cept the BMI method were statistically different when 
compared with the McLaren method across all data 
points. The mean difference between the BMI and 
McLaren methods was 0.17 kg (95% CI: −0.07 to 0.40, 
p = 0.17). Mean differences for all methods are shown 
in Table 3. The Devine method had the largest mean 
difference, and this was >10% different from the mean 
weight. The graphical depictions show the trend of all 

Figure 1. Comparison of the McLaren method with 4 other methods across height percentiles in cohort 1.

A, Traub11; B, Simplified Traub12; C, Moore13; D, American Dietetic Association.14
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methods compared with the McLaren method across 
all height percentiles (Figure 3) and ages (Figure 4).

For patients with height percentiles ≤5%, both the 
simplified Traub (p = 0.08) and Traub equation (p = 
0.06) were not statistically different from the McLaren 
method. The ADA and Devine methods both had mean 
differences >10% as compared with the mean weight 
(Table 3). For patients with height percentiles ≥95%, 
only the Traub equation (p = 0.06) was not statistically 
different from the McLaren method. The ADA, Devine, 
and BMI methods all had mean differences >10% as 
compared with the mean weight (Table 3).

For patients 3 to <8 years old, the Traub equation 
(p = 0.82) and BMI method (p = 0.05) were not statisti-
cally different from the McLaren method (Table 4). For 
patients ≥8 years old, all methods were statistically dif-
ferent from the McLaren method, but the BMI method 
was the closest approximation (p = 0.02). The Devine 
method had a mean difference >10% as compared with 
the mean weight of patients ≥8 years old (Table 4).

Discussion
Accurate estimation of IBW in the pediatric popula-

tion is vital for dosing of many medications, classifying 
nutritional status, and dosing of tidal volume in me-
chanically ventilated patients.1,2 With the prevalence 
of children with obesity reaching an epidemic level in 
the United States, significant challenges are present 
with these scenarios. In regards to medications, indi-
viduals with obesity generally have a larger volume of 
distribution for lipophilic medications. For hydrophilic 
medications, patients with obesity may have larger or 
smaller volume of distribution due to increased lean 
body mass, blood volume, and decreased percent-
age of total body volume.4,20,21 It is often impossible to 
know the true IBW of a patient, so multiple methods of 
estimation have been proposed in the literature. Previ-
ous research suggested that these various methods 
could produce different calculated IBWs, especially in 
older children and children further away from the 50th 
height percentile.7

A, Traub11; B, Simplified Traub12; C, Moore13; D, American Dietetic Association.14

Figure 2. Comparison of the McLaren method with 4 other methods across ages in cohort 1. 
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The various methods also have different pros and 
cons to their use. The McLaren method offers the 
advantage of only needing a growth chart, but it does 
not account for patient's age in the final IBW determi-
nation. In addition, some children may be too tall to be 
estimated by this method. The Devine method does not 
require any graphing, but it is designed for adults and 
many pediatric patients are not more than 60 inches 
tall. The Traub and simplified Traub equations do not 
account for the patient’s age. The Moore method offers 
the advantage of only needing a growth chart, but ap-
proximation is required when a patient’s height does not 
fall exactly on one of the percentile lines on the growth 
chart. The ADA method can be graphed quicker than 
the McLaren or Moore methods, but it does not account 
for patient’s height. The BMI method has the advantage 
of being able to account for normal patterns of body 
composition changes, but it requires multiple steps of 
both graphing on a BMI growth chart and calculating 
the value using an equation.

In this study, we assessed the different methods used 
to calculate IBW in pediatric patients and compared the 
results with the McLaren method. For patients in cohort 
1, only the Moore method was not statistically different 
from the McLaren method across all data points. How-
ever, graphical depictions suggested that the Moore 
method would still underestimate IBW when compared 
with the McLaren method at height percentiles <50% 
and overestimate IBW at height percentiles >50%.

Although all methods in cohort 1 except the Moore 
method showed statistical differences, they might 
not have been clinically significant. The mean weight 
of this cohort was 11.9 kg. None of the methods had 
a mean difference >10% from the mean IBW. The 
electronic medical record at the institution where this 
study was conducted would alert the clinicians if an 
entered weight was >10% different from a previously 
entered weight during the same admission, so any 10% 
difference from the mean weight of the population for 
either cohort was considered a clinically significant 
difference. Thus, none of the methods fit the definition 
of clinical significance. These results also suggested 
that the Moore method would be the best comparator 
of the McLaren method. However, the ADA method, 
Traub equation, and simplified Traub equation might 
also provide clinically similar IBW calculations when 
compared with the McLaren method.

When looking closer at the subgroup of patients 
with height percentiles ≤5% and ≥95% in cohort 1, all 
methods were statistically different from the McLaren 
method, but the Traub equation served as the closest 
approximation. For the subgroup of patients with height 
percentile ≤5%, the ADA method showed clinically 
significant differences, and thus, would not be recom-
mended as a reasonable comparator of the McLaren 
method. In the same manner, for the subgroup of pa-
tients with height percentile ≥95%, the ADA and Moore Ta
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Figure 3. Comparison of the McLaren method with 6 other methods across height percentiles in cohort 2.

A, Traub11; B, Simplified Traub12; C, Devine9; D, Moore13; E, BMI15; F, American Dietetic Association.14

methods showed clinically significant differences.
For patients in cohort 2, only the BMI method was not 

statistically different from the McLaren method across 
all ages and height percentiles. As such, it would serve 
as a reasonable comparator of the McLaren method. 

However, the graphical depictions suggested that the 
BMI method would still overestimate IBW when com-
pared with the McLaren method at height percentiles 
<50% and underestimate IBW at height percentiles 
>50%. In addition, the graphical depictions suggested 
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Figure 4. Comparison of the McLaren method with 6 other methods across ages in cohort 2. 

A, Traub11; B, Simplified Traub12; C, Devine9; D, Moore13; E, BMI15; F, American Dietetic Association.14

that as patients get older, the BMI method produces 
larger differences in IBW when compared with the 
McLaren method.

Of note, the Devine method was the only method that 

had a clinically significant mean difference in cohort 
2 and would not be a reasonable comparator of the 
McLaren method. The ADA method, Traub equation, 
simplified Traub equation, BMI method, and Moore 
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method all had mean differences that were <10% than 
the mean weight of 45.5 kg in cohort 2. As such, all 
methods except the Devine method might provide 
clinically similar IBW calculations when compared with 
the McLaren method.

When looking closer at the subgroup of patients with 
height percentiles ≤5%, the Traub and simplified Traub 
equations were not statistically different. The simplified 
Traub equation was the closest approximation of the 
IBW calculated by the McLaren method. In this sub-
group, the ADA and Devine methods showed clinically 
significant differences and would not be reasonable 
comparators of the McLaren method. For patients with 
height percentiles ≥95%, only the Traub equation was 
not statistically different from the McLaren method. 
In this subgroup, the ADA, Devine, and BMI methods 
showed clinically significant differences and would not 
be reasonable comparators of the McLaren method.

For patients 3 to <8 years old, the Traub equation 
and BMI method were not statistically different from 
the McLaren method. For patients ≥8 years old, all 
methods were statistically different, but the BMI method 
served as the closest approximation. In this subgroup, 
the Devine method showed clinically significant differ-
ences and would not be a reasonable comparator of 
the McLaren method.

One limitation of this study was that we were not able 
to compare patients who were “too tall” for the McLaren 
method. With how the growth charts are depicted, 
boys taller than 177 cm and girls taller than 163 cm can-
not have an IBW estimated by the McLaren method.7 
Another limitation was that measurements were done 
manually using growth charts. For patients who fell 
between pre-set percentile lines (3%, 10%, 25%, 50%, 
75%, 90%, and 97%), the exact IBW calculated might 
not have been exact. However, this manual approach 
is generalizable to actual practice when growth-chart 
based methods are used. Finally, the lack of a gold 
standard in calculating IBW is also a limitation. Although 
the McLaren method was used as the comparator be-
cause it is still commonly used in literature and has been 

Table 4. Cohort 2: Sub-group Comparison of Different IBW Equations to the McLaren Method in Cohort 2
Methods 3 to <8 yr old (n = 388) ≥ 8 yr old (n = 707)

Difference, kg 
(mean) 95% CI p value Difference, kg 

(mean) 95% CI p value

Simplified Traub12 1.12 0.95 to 1.28 <0.001 −4.92 −5.27 to −4.56 <0.001

Traub11 −0.02 −0.18 to 0.15 0.82 −1.13 −1.48 to −0.78 <0.001

Moore13 0.72 0.55 to 0.88 <0.001 1.24 0.88 to 1.59 <0.001

ADA14 −0.5 −0.67 to −0.34 <0.001 0.8 0.45 to 1.15 <0.001

BMI15 −0.17 −0.33 to −0.002 0.05* 0.41 0.05 to 0.76 0.02

Devine9 N/A N/A N/A 6.04 5.56 to 6.51 <0.001
ADA, American Dietetic Association; BMI, body mass index; IBW, ideal body weight
* Nominal p value is 0.047, but not statistically significant after application of the Benjamini-Hochberg procedure for multiple comparisons.

recommended as a preferred method, no studies have 
definitely proven that it is the most accurate method of 
calculating IBW in pediatrics.2,7,13,16,17

Future research in the area of pediatric IBWs should 
assess specific height percentiles and age subgroups 
with larger sample sizes to validate the differences seen 
in this study. Although our overall sample size was quite 
large, the sample sizes were a lot smaller when we 
looked at subgroups with our secondary outcomes. It 
is possible that larger sample sizes for those subgroups 
could produce alternate equations that could serve as 
a more accurate calculation for IBWs in this popula-
tion. Although our research suggested that the Traub 
equation was clinically comparable with the McLaren 
method across all pediatric patients, it still might not 
be the most accurate. Furthermore, gender is another 
subgroup that was not explored in this study. Future 
studies may consider gender as another factor that 
can potentially contribute to differences in calculating 
IBWs in the pediatric population.

Conclusions
In this study, the Moore method was the most ac-

curate comparator of the McLaren method in patients 
aged 12 to <36 months, whereas the BMI method was 
the most accurate comparator of the McLaren method 
in patients aged ≥3 years. However, this did not hold 
true for patients with height percentiles ≤5% or ≥95%, 
or for ages 3 to <8 years old or ≥8 years old where 
other methods were more accurate comparators of 
the McLaren methods depending on the cohort. The 
Traub and simplified Traub equations seemed to be 
the most clinically useful IBW methods for patients with 
height percentiles ≤5% or ≥95%. Ultimately, this study 
showed that the various methods used to calculate 
pediatric IBW lead to differences of varying statisti-
cal and clinical significance. Larger sample sizes in 
a separate cohort will need to validate the results of 
this study and further investigate the most accurate 
methods for specific subgroups of varying age and 
height percentiles.
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