
A paediatric obesity virtual clinical trial: a case study with amlodipine 
Khairulanwar Burhanuddin1, Afzal Mohammed1, Raj K. S. Badhan1 

1 Medicines Optimisation Research Group, Aston Pharmacy School, College of Health and 
Life Sciences, Aston University, Birmingham, B4 7ET, United Kingdom. 
 
Supplementary materials  

1. Supplementary results 

1.1. Step 1: Development of the paediatric obesity population 

Age, weight and height relationship 

Polynomial mathematical correlations for gender-specific of height-age and weight-age for the 

population are described in Equations (1), (2), (3) and (4) for 2 – 18 years old: 

Male  height ሺcmሻ ൌ 61.463912 ൅ ሺ0.65513619 ൈ ageଶሻ െ ሺ0.12642816 ൈ ageଶ.ହሻ ൅

ሺ17.3579 ൈ age଴.ହሻ   (1) 

Female height ሺcmሻ ൌ 64.092976 ൅ ሺ10.720395 ൈ ageሻ െ ሺ0.29561165 ൈ ageଶሻ  (2) 

Male weight ሺkgሻ ൌ 3.2737 ൅ ሺ0.5346053 ൈ ageଶሻ െ ሺ0.015322545 ൈ ageଷሻ  (3) 

Female weight ሺkgሻ ൌ 11.809275 ൅ ሺ0.64670616 ൈ ageଶሻ െ ሺ0.022469269 ൈ ageଷሻ (4) 

 
The WHO and CDC graphs, which are the cut-off lines for children’s obesity overlayed at the 

lower part of the individual simulated BMI-for-age graph (2 – 18 years old) for males and 

females (S1), indicated that the predictions represent the BMI for the obese children population 

(WHO, 2021, CDC, 2017). For the mean BMI-for-age graph of paediatric obesity, the reference 

curves by Gerhart et al. (2022) cover the predicted chart, thus validating the simulated BMI-

to-age chart.  

Additionally, a similar pattern can be seen for the height-for-age curves (2 – 18 years old) for 

males and females (Figure S2), as well as the weight-for-height curves (2 – 18 Years old) for 

males and females (Figure S3). The reference graphs of mean height-for-age and mean weight-

for-height of the paediatric obesity population published by Gerhart et al. (2022) fit in the 

middle of the simulated graphs. Thus, it further verified the predicted weight and height of the 

paediatric obesity population.  

 



Figure S1. Simulated BMI-for-age curves for paediatric obesity from 2 to 18 years old for 
males (A) and females (B). Gerhart et al. (2022) generated the paediatric obesity BMI-for-age 
curve at the 95th percentile based on the National Health and Nutrition Examination Survey 
(NHANES) pooled data from 1999 to 2016. The CDC’s 2000 BMI-for-age curve is at the 95th 
percentile, which defines the cut-off curve for obesity in paediatrics (CDC, 2017). The WHO, 
2006 BMI-for-age curve is at 3 SD from the median for 2 to 5 years old, while the WHO, 2007 
(WHO, 2021) is at 2 SD from the median of the BMI-for-age curve for 6 to 18 years old (WHO, 
2021).  
 



Figure S2. Simulated Height-for-age curve for paediatric obesity from 2 to 18 years old 
for males (A) and females (B). Gerhart et al. (2022) generated the central tendency of 
paediatric obesity’s height-for-age curve based on the National Health and Nutrition 
Examination Survey (NHANES) pooled data from 1999 to 2016. 
  



Figure S3. Simulated Weight-for-height curves for paediatric obesity from 2 to 18 years 
old for males (A) and females (B). Gerhart et al. (2022) generated the central tendency of 
paediatric obesity’s weight-for-age curve based on the NHANES pooled data from 1999 to 
2016. 
 

Furthermore, for ages 2 to 5, the reference weight-for-age curves published by WHO  and CDC  

were overlayed on the spread of individual simulated weight-for-height graphs for males and 

females (Figure S4), reinforcing the validation of simulated weight and height distribution of 

obese children population (WHO, 2021, CDC, 2017). 



 

Figure S4. Simulated Weight-for-height curves for paediatric obesity from 2 to 5 years 
old for males (A) and females (B). The CDC, 2000 (A) Weight-for-height curve is at the 97th  
percentile (CDC, 2017). The CDC, 2000 (B) Weight-for-height curve is at the 95th  percentile, 
which defines the cut-off curve for obesity in paediatrics (CDC, 2017). The WHO, 2006  
Weight-for-age curve is at 3 SD from the median for 2 to 5 years old, which defines the cut-
off curve for obesity in paediatrics (WHO, 2021). 
  



Haematocrit-to-age relationship 

Haematocrit values correlation with age was predicted using gender-specific mathematical 

statements as described in Equations (5) and (6); 

Male ሺ%ሻ  ൌ  53 െ ሺቀ ସଷ ൈ ୟ୥ୣభ.భమ

଴.଴ହభ.భమ ା ୟ୥ୣభ.భమቁ ൈ ሺ1 ൅ ቀ ି଴.ଽଷ ൈ ୟ୥ୣ.మఱ

଴.ଵ଴బ.మఱ ା ୟ୥ୣబ.మఱቁሻሻ  (5) 

Female ሺ%ሻ  ൌ  53 െ ሺቀ ଷ଻.ସ ൈ ୟ୥ୣభ.భమ

଴.଴ହభ.భమ ା ୟ୥ୣభ.భమቁ ൈ ሺ1 ൅ ቀ ି଴.଼଴ ൈ ୟ୥ୣ.మఱ

଴.ଵ଴బ.మఱ ା ୟ୥ୣబ.మఱቁሻሻ  (6) 

 
The distribution of simulated haematocrit values over age fitted within the range of reported 

values from 8 different references (Figure S5). Besides, the predicted values for both males 

and females reflected all the published haematocrit values (Table S1), which validated the 

paediatric obesity population file.   

Figure S5. Simulated Haematocrit-to-age relationship for paediatric obesity from 2 to 8 
years old (Grey circle). Gerhart et al., 2022 reported individual haematocrit data for obese 
children from combined clinical trials data represented in the red circles (Gerhart et al., 2022). 
Jeong et al., 2021 (A) represented data for girls (Jeong et al., 2021). Jeong et al., 2021 (B) 
represented data for boys (Jeong et al., 2021). Belo et al., 2014 (A) and Belo et al., 2014 (B) 
represented data for girls and boys, respectively (Belo et al., 2014). Elhag et al., 2018 (A) 
represented data for girls (Elhag et al., 2018). Elhag et al., 2018 (B) represented data for boys 
(Elhag et al., 2018). The horizontal lines showed the age range reported for each published 
study. The coloured circles with the vertical lines are different for each study; Kilic et al., 2016, 
median with range; Panichsillaphakit et al., 2021, median with interquartile range; Oni et al., 
2021, mean with 95% confidence interval; Jeong et al., 2021 mean with standard deviation 
(SD); Belo et al., 2014, mean with SD; Cacciari et al., 1988, mean with SD; Elhag et al., 2018, 
mean with SD. 
  



Table S1. Summarised results from literature search for haematocrit values in paediatric 
obesity 

Reference Age (years)a Number of 
subjects (n) 

Males 
(%) 

Haematocrit (L/L) 

Predicted values 2 - 18 10,000 100 0.40 (0.03)e 

Predicted values 2 - 18 10,000 0 0.38 (0.03)e 

Kilic et al. (2016) 6 - 16 37 48.64 0.39 (0.33 – 0.43)b 

Panichsillaphakit et al. 
(2021) 

5 – 15 63 66.78 0.40 (0.38 – 0.41)c 

Oni et al. (2021) 6 – 19  2,818 53.4 0.40 (0.396 – 0.399)d 

Jeong et al. (2021) 10 – 18  297 100 0.44 (0.03)e 

Jeong et al. (2021) 10 – 18 234 0 0.40 (0.02)e 

Belo et al. (2014) 4 – 18  168 100 0.42 (0.03)e 

Belo et al. (2014) 4 – 18  182 0 0.40 (0.02)e 

Cacciari et al. (1988) 5.17 – 15.58 43 65 0.38 (0.03)e 

Elhag et al. (2018) 13 – 17 36 100 0.43 (0.03)e 

Elhag et al. (2018) 13 - 17 43 0 0.39 (0.03)e 
a range; b median (min-max); c median (interquartile range); d mean (95% confidence 
interval); e mean (SD) 

 

Serum albumin-to-age relationship 

As no significant difference was reported in human serum albumin values between genders 

(Gerhart et al., 2022), the relationship for the range of age between 2 to 18 years old was 

predicted based on the general mathematical equation (7);   

Serum albumin ሺg/Lሻ  ൌ  33.746 ൅ ሺ1.1287 ൈ lnሺ365 ൈ 𝑎𝑔𝑒ሻሻ  (7) 

 
The spread of simulated serum albumin over age values was within the wide range of published 

values from 7 references (Figure S6). Additionally, the predicted values (27.62 – 58.19 g/L) 

are echoed with the published reference values (Table S2) and simulated values by Gerhart et 

al. (2022). Therefore, it validated the simulated serum albumin values for the paediatric obesity 

population developed in this study. 

  



Figure S6. Predicted Serum albumin-to-age relationship for paediatric obesity from 2 to 
18 years old (Grey circle). Gerhart et al., 2022 (A) reported individual serum albumin data for 
children with obesity from combined clinical trials data in red circles (Gerhart et al., 2022). 
Gerhart et al., 2022 (B) reported individual data for paediatric obesity from the Paediatric Trial 
Network (PTN) data repository (Gerhart et al., 2022). The horizontal lines showed the age 
range reported for each published study. The coloured squares with vertical lines represented 
the mean with SD. 
 

Table S2. Summarised results from literature search for serum albumin values in 
paediatric obesity 

Reference 
Age 
(years)a 

Number of 
subjects (n) 

Males 
(%) 

Serum Albumin (g/L) 

Predicted values 2 - 18 20,000 50 42.80 (4.27)b 

Yu et al. (2021) 6 – 18 449 62.81 49.40 (2.80)b 

Elhag et al. (2018) 13 – 17 79 45 41.14 (4.06)b 

Abitbol et al. (2009) 1 – 21  22 50 40.00 (5.0)b 

Marginean et al. (2014) 1 – 18  102 57.84 46.60 (4.70)b 

Marginean et al. (2016) 1 – 18  121 53.72 47.20 (3.70)b 

Marginean et al. (2019) 5 – 18  77 NR 48.92 (3.26)b 

Marginean et al. (2020) 5 – 18  91 NR 48.48 (3.46)b 

NR, not reported; a range; b mean (SD) 

 



Alpha-1-acid glycoprotein (AGP)-to-age relationship 

A similar pattern can be seen in AGP-to-age correlation as another protein-binding component 

in blood. One polynomial mathematical equation (8) to describe the correlation with age from 

2 to 18 years old;  

AGP ሺ୥

௅
ሻ  ൌ  ଴.଼଼଻ ൈሺଷ଺ହ ൈ௔௚௘ሻబ.యఴ 

ሺ଼.଼ଽబ.యఴାሺଷ଺ହ ൈ ௔௚௘ሻబ.యఴ  (8) 

 
The distribution of predicted AGP values was within the broad range of AGP values observed 

from 4 different studies (Figure S7). Furthermore, the predicted values were comparable with 

the observed values, thus validating the obese children population file (Table S3). 

Figure S7. Predicted AGP-to-age relationship for paediatric obesity from 2 to 18 years 
old (Grey circle). Sobieska et al., 2013 (A) represented data for boys aged 12 to 14 (Sobieska 
et al., 2013). Sobieska et al., 2013 (B) represented data for girls aged 12 to 14 (Sobieska et al., 
2013). Sobieska et al., 2013 (C) represented data for boys 15 to 18 years old (Sobieska et al., 
2013). Sobieska et al., 2013 (D) represented data for girls 15 to 18 years old (Sobieska et al., 
2013). The horizontal lines showed the age range reported for each published study. The 
coloured squares with vertical lines represented the mean with SD for Gerhart et al. (2022) and 
Sobieska et al. (2013). The coloured square with vertical lines represented the median with 
range for Gibson et al. (2014) and Ferrari et al. (2015). 
 



Table S3. Summarised results from literature search for AGP values in paediatric obesity 

Reference Age (years)a 
Number of 
subjects (n) 

Males 
(%) 

AGP (g/L) 

Predicted values 2 - 18 20,000 50 0.80 (0.10)c 

Gerhart et al. (2022)b 2 – 18 32,001 50 1.07 (0.40)c 

Sobieska et al. (2013) 12 – 14   28 100 0.94 (0.25)c 

Sobieska et al. (2013) 12 – 14   23 0 0.91 (0.25)c 

Sobieska et al. (2013) 15 – 18  33 100 0.90 (0.26)c 

Sobieska et al. (2013) 15 – 18  40 0 1.33 (0.28)c 

Gibson et al. (2014) 3 – 6  49 NR 1.05 (0.90 – 1.30)d 

Ferrari et al. (2015) 12.5 – 17.5 876 46 0.80 (0.60 – 1.10)d  

NR, not reported; a range; b Gerhart et al., 2022 AGP values are the simulated values for 
paediatric obesity; c mean (SD); d median (range) 

 

Glomerular filtration rate (GFR)-to-age relationship 

Since GFR is the function of body surface area (BSA) as described in mathematical equation 

(9), the GFR increases as age increases; 

𝐺𝐹𝑅 ቀ ௠௅

௠௜௡
ቁ ൌ  െ17.74 ൅ 99.054ሺ𝐵𝑆𝐴ሻ െ 6.1604ሺ𝐵𝑆𝐴ሻଶ   (9) 

 
The absolute GFR was comparable with the reported values by Correia-Costa et al. (2016) for 

paediatric obesity ages 8 to 9 (Figure Error! Reference source not found.S8 and Table S4). 

Additionally, BSA-adjusted GFR for obese children aged 4 – 18 years old was compared with 

values published by Duzova et al. (2013) and Goknar et al. (2015). The predicted values in 

virtual obese children reflected the published values (Table S4) despite a broader range at 16 

to 18 years old in the simulated values (Figure S8). Considering both predicted absolute and 

BSA-adjusted GFR were in line with observed values, it validated the paediatric obesity 

population file. 

 

Table S4. Summarised results from literature search for GFR values in paediatric obesity 

Reference Age (years)a 
Number of 
subjects (n) 

Males 
(%) 

GFR (mL/min) 

Predicted values 8 – 9  1,230 50 103.50 (18.19)c 

Correia-Costa et al. (2016) 8 – 9    61 66 120.80 (21.50)c 



Predicted values 5 – 18  16,274 50 137.40 (24.72)d 

Duzova et al. (2013) 5 – 18   318 NR 122.70 (21.60)d 

Predicted values 4 – 16  15,104 50 132.70 (20.44)d 

Goknar et al. (2015) 4 – 16   84 54.76 152.22 (23.94)d 

NR, not reported; a range; b Gerhart et al., 2022 GFR values are the predicted values for 
paediatric obesity; c mean (SD); a unit of mL/min/1.73m2, presented as mean (SD). 

 

Figure S8. Absolute GFR(mL/min)-to-age relationship for paediatric obesity from 8 to 9 
years old (A) and BSA-adjusted GFR(mL/min/1.73m2)-to-age correlation for paediatric 
obesity from 8 to 9 years old (B). Grey circles are the predicted value. The horizontal lines 
showed the age range reported for each published study. The coloured squares with vertical 
lines represented the mean with SD. 
 

 

  



2. Supplementary figures 

Figure S9. Comparison of predicted clearance (A) and volume of distribution (B) at 
steady-state for healthy and obese paediatric doses. The coloured circles represent the mean, 
and the horizontal lines represent the standard deviations.  



Figure S10. Predicted maximum concentrations (Cmax) versus daily doses for age group 2 
to 6 years old. Solid lines represent the means, dotted lines represent the SD, and grey area is 
the therapeutic range for amlodipine (1 ng/mL – 57.2 ng/mL).       
  



Figure S11. Predicted Cmax versus daily doses for age group 6.01 to 12 years old. Solid 
lines represent the means, dotted lines represent the SD, and grey area is the therapeutic range 
for amlodipine (1 ng/mL – 57.2 ng/mL).     



Figure S12. Predicted Cmax versus daily doses for age group 12.01 to 18 years old. Solid 
lines represent the means, dotted lines represent the SD, and grey area is the therapeutic range 
for amlodipine (1 ng/mL – 57.2 ng/mL).     



Figure S13. Summary of pharmacokinetic parameters at steady-state in healthy paediatric from 2 to 18 years old. Cmax, maximum 
concentration; Cmin, minimum concentration; AUC0-24ss, area-under-the-curve at steady-state; 67 ng/mL, toxic level; 1 ng/mL to 57.2 ng/mL, 
therapeutic concentration.  



Figure S14. Summary of pharmacokinetic parameters at steady-state in paediatric obesity from 2 to 18 years old administered with weight-
based dose. Cmax, maximum concentration; Cmin, minimum concentration; AUC0-24ss, area-under-the-curve at steady-state; 67 ng/mL, toxic level; 
1 ng/mL to 57.2 ng/mL, therapeutic concentration.  
  



Figure S15. Summary of pharmacokinetic parameters at steady-state in paediatric obesity from 2 to 18 years old administered with fixed 
dose. Cmax, maximum concentration; Cmin, minimum concentration; AUC0-24ss, area-under-the-curve at steady-state; 67 ng/mL, toxic level; 1 ng/mL 
to 57.2 ng/mL, therapeutic concentration.   
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