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ARTICLE INFO ABSTRACT
Keywords: Objectives: The objective of this work was to study the results of urine drug testing for ritalinic
Methylphenidate acid (RA), the major urinary metabolite of methylphenidate (MP) (e.g., Ritalin®). The impact of

Ritalinic acid
LC/MSMS
Urine drug testing

age from 4 to 65 years old and older on median levels of RA was investigated as well as potential
variations in pH, specific gravity and creatinine content of the patient urine samples.

Design and Methods: Samples from patients who were 1) prescribed MP and found to be positive
for RA, 2) prescribed MP but found to be negative for RA and 3) not prescribed MP but tested
positive for RA were examined by liquid chromatography — mass spectrometry/mass spectrom-
etry (LC-MS/MS) for RA concentration. The levels of RA were examined for median and average
levels and further normalized and transformed to reveal a near gaussian distribution.

Results: Over 20,000 samples from patients who were prescribed MP were examined for this work.
Analysis of these data for a subset of patients prescribed MP and testing positive for RA revealed
statistically different median values of RA for school age patients of 6 years old through 17 years
old from adult patients 18 through 64 years old. Another 6751 samples were positive for RA
without a prescription but were not included in the overall assessment of these data.
Conclusions: While not clear as to the reason, these data indicate that school age children under
the age of 18 have much higher levels of RA than adult patients. These results can be used to
estimate “normal” levels of RA in these chronically dosed populations.

1. Introduction

Methylphenidate (MP) has been used to treat symptoms of Attention Deficit Hyperactivity Disorder (ADHD) for over 50 years [1].
Additionally, it has been used to treat childhood bipolar disorder [2]. Various reports suggest that diagnosis of ADHD and subsequent
treatment with stimulant drugs such as MP has grown to include as much as 15% of the population [3]. Inasmuch as MP is a stimulant,
it has been - and continues to be - abused [4,5]. The drug is used on college campuses to enhance late night studying [5] and more
simply as a semi-legal party drug [5]. Urine drug testing (UDT) is often employed to help assess patient adherence to chronic drug
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prescriptions [6]. Since 80% of the oral dose of MP is excreted in urine as ritalinic acid (RA), the primary metabolite of MP, the
resulting concentrations of RA can be relatively high making identification of diversion and other abuse pathways difficult in the
absence of historical metabolite levels from a normal patient population [7].

The work reported herein was directed at defining “normal” for urine levels of RA. Of the 20,000 plus samples from patients who
were prescribed MP, only 11,384 that also tested positive for RA were examined to reach this goal. In addition, over 10,000 additional
samples from patients prescribed the medicine were found to be negative for RA. Finally, some 6751 samples were positive for RA
without evidence of a prescription for MP. However, in addition to trying to define “normal”, the data revealed age dependent con-
centrations of RA with consistent overall dosing levels for all patients. Further, this was a rare opportunity to evaluate sample validity
test results for patients below age 18 down to age 4 and compare with normal adult levels of creatinine, pH, and specific gravity. These
data may afford estimates of “normal” to assist in the assessment of UDT results for RA.

2. Materials and methods

Ritalinic acid was part of a larger liquid chromatography — mass spectrometry/mass spectrometry (LC-MS/MS) test panel. Details of
the full method and validation can be found in an earlier report by Enders et al. [9]. RA and the corresponding internal standard,
ritalinic acid D10, were purchased from Cerilliant Corporation (Round Rock, TX) as 1 mg/mL stock solutions. An enzyme solution was
prepared by diluting IMCSzyme® f-glucuronidase solution (IMCS, Irmo, SC) to 10,000 units/mL in 0.02 M sodium phosphate buffer, at
pH 7.5. Normal, drug-free urine was purchased from UTAK (Valencia, CA). Samples (30 pL) were diluted six times with 120 pL of
enzyme solution and 30 pL of 1000 ng/mL ritalinic acid D10 internal standard. After dilution, samples were incubated at 60 °C for 60
min for hydrolysis and then extracted using a solid-phase extraction method. Ultimately, samples were diluted ten times in 300 pL of
10% methanol:90% water prior to injection and LC-MS/MS analysis. A morphine-3p-D-glucuronide (Cerilliant, Round Rock, TX)
standard was used as a hydrolysis control for the method. While conjugation of RA has not been reported, other analytes in this method
(e.g., benzodiazepines, opiates, etc.) required hydrolysis for testing. Thus, RA was “hydrolyzed” as part of the overall work flow in this
test pathway.

2.1. LC-MS/MS method

The original large LC-MS/MS method ran on an Agilent LC-MS/MS system [9]. Some of the data reported in this work were ob-
tained using a Thermo Ultra LC-MS/MS system. The method was revalidated for this system according to CAP and CLIA criteria as laid
out in Ref. [9]. A summary of these validation data for RA is given in Table 1. This method used solvents A (5 mM ammonium formate
with 0.1% formic acid [aqueous]) and B (5 mM ammonium formate in 75:25 methanol:acetonitrile with 0.1% formic acid) to provide a
gradient shown in Table 2. A flow rate of 0.8 mL/min was used throughout. This method was multiplexed so that while the full cycle
time was 6.95 min, the net data acquisition window was roughly 6.5 min. A Phenomenex (Torrance, CA) Kinetex 2.6 pm Phenyl-Hexyl
100 A, 50 x 4.6 mm (00B-4495-E0) LC column was used in this method. The injection volume was 15 pL and column temperature was
30 °C. The RA transitions and MS details for the Thermo Ultra can be found in Table 3. RA produced a quadratic response from 100
ng/mL to 100,000 ng/mL with 1/X? data weighting. A reporting cut-off of 500 ng/mL was used to establish positive results.

2.2. Data analysis

In an attempt to identify an adherent population of patients, the test results for RA from the population of patient samples that
tested positive for RA with a prescription were curated as follows:

1. Only samples from patients who were prescribed MP (e.g., Ritalin®, Concerta®, etc.) and tested positive for RA were included.
2. Duplicate patient samples were excluded.

Table 1

Validation summary for ritalinic acid.
Linearity” Carryover” Precision and Accuracy® Matrix’ Interference®
LOQ ULOL r Avg. Conc. (ng/ Avg. % Target (N = 30) Avg. % CV (N = 30) % Matrix
— L) (N =5)" Effect
(ng/mL) mL) ( ) 200ng/ 5000 25,000 200 5000 25,000 e

mL ng/mL ng/mL ng/mL ng/mL ng/mL
RA 100 100,000 0.9925 42.0 90.8% 89.8% 108.4 5.9% 4.1% 3.7% 1.67% None

@ The linearity results are compiled for all curve points and points that are between curve points, including 100, 200, 1,000, 5,000, 25,000, 75,000,
and 100,000 ng/mL, each run five times. LOD = LOQ; r? = 0.9925. The reporting cutoff was 500 ng/mL.

b Carryover was tested by running a matrix blank immediately following the ULOL.

¢ Precision and accuracy statistics were calculated by data from three separate concentration standards including 200, 5,000, and 25,000 ng/mL, 10
replicates each, prepared and run on 3 separate days.

d Matrix data was calculated by dissolving the standards in normal human normal urine compared with a ‘neat’ preparation in chromatographic
starting conditions (10% MeOH in water).

¢ Compounds tested for interference are available in the earlier report [9].
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Table 2

The LC gradient parameters for ritalinic acid method".
Step Start (min) Flow rate (mL/min) %A %B
1 0 0.8 95 5
2 1.08 0.8 80 20
3 2.25 0.8 35 65
4 4.12 0.8 2 98
5 6.45 0.8 2 98
6 6.95 0.8 95 5

@ This gradient is different from the original published method [9].

Table 3
MSMS method acquisition parameters®.
Analyte Transition” Collision Energy (V) Tube Lens Voltage (V) Retention Time (min) Time Window (min)
Ritalinic Acid 220.137 — 84.135 35 107 1.75 0.4
220.137 - 56.199 36 107 1.75 0.4
Ritalinic Acid D10 230.194 — 93.194 21 75 1.75 0.4
230.194 — 61.132 42 75 1.75 0.4

@ These parameters differ from the original published method [9].

. Patients testing positive for any illicit drugs were excluded.

. Patients who did not test consistent with any other prescription(s) were excluded.

. Patients who failed sample validity testing (e.g., pH, creatinine, and specific gravity) were excluded.
. Patient samples without a UDT quantitative result (i.e., >ULOL) were not included.

Ul A~ W

This filtering process took the original 11,384 data points of the data set “prescribed MP and positive for RA” down to 9674 data
points post curating. The data in Fig. 1 are shown as box and whisker plots of the data with 2.5% and 97.5% limits. These data are
detailed in Table 4. This was an attempt to remove “outliers” from the curated data set and provide more robust ranges.

Ritalinic acid was further investigated to determine if data modelling could be successful as shown in Fig. 2. The data analysis and
model development for RA were conducted using R Project version 3.3, a language and environment for statistical computing and
graphing [10]. Data smoothing was conducted by kernel density estimation to smooth continuous data (e.g., histograms) [11]. Model
development is detailed in earlier reports [12,13]. The earlier results were simplified for this work resulting in equation (1).

RA one
NORM ey, = In( i [1]
Where In is the natural log, RAconc is the concentration of the measured analyte in ng/mL, and CREAT is the sample fluid creatinine
concentration in mg/dL. The value of NORMpo, is then transformed into its corresponding Zs.,re on the standard normal (e.g.,
Gaussian) distribution using equation (2):

(NORMD('UN(' — pA)
OA

(2]

Zscore =

2.5% 25% Median 75% 97.5%

848 5215 11452 19381 100124
All patients{ | T - n=9674
852 5805 11797 19442 85379
‘ Young Children (<6 yr old) ‘ n =147
912 7159 14034 29661 109903
‘ School Age (6 through 18 yr old) * n =4931
774 4053 8924 15778 80623
| Aduls (18 through 64 yrol) || 71 P
858 4216 9297 15874 89650
‘ Geriatric (> 65 yr old) * n =250
1000 10000 100000 1000000

Concentration (ng/mL)

Fig. 1. Box and Whiskers plots for a) all patients, b) young children (<6 yr old), c) school age (6 through 17 years), d) adults (18 through 64 years),
e) geriatrics 65 and older.
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Table 4

Data from Fig. 1.
Group Names Age Group N 2.50% 25% median 75% 97.50%
Young Children <6 yrold 147 852 5808 11797 19442 85379
School age 6 through 17 4931 912 7159 14034 29661 109903
Adults 18 through 64 4346 774 4053 8924 15778 80623
Geriatric 65 and over 250 858 4216 9297 15874 89650

All 9674 848 5215 11452 19381 100124

Density Plot Overlay:
Transformed, Normalized, and Standardized Data

~ |
©| m Ritalinic Acid Model
B Standard Normal Distribution
RA Conc
2— NormCOnc = |H(T)
= i
7]
C
[
A a
o
o
;,
o |
o
4 > 0 : 4
(Normconc—pa)
NSTD:G—A

Fig. 2. Kernel density estimation plot derived from the normalized, transformed and standardized raw ritalinic acid data overlaid with the least
squares minimized best fit Gaussian distribution curve.

where Zgcore is the standardized normal value and p, (4.695) and 64 (1.139) are the mean and the standard deviation of the population
resulting from the model described in Equation (1). The resulting mean and standard deviation of the standardized normal distri-
bution, Zgcore, are “0” and “1” respectively.

Patient samples were received and tested over an 8 year period (January 1, 2008 through Dec 31, 2016) at Ameritox, LLC, in
Greensboro, NC. All specimens that were used in this analysis were de-identified. Ameritox is accredited by the CAP and abides by CAP,
CLIA and Health Insurance Portability and Accountability Act (HIPAA) requirements. The secondary analysis nature of this work and
the absence of clinical conclusions, neither the U.S. Food and Drug Administration (FDA) nor other clinical trial review/approval was
obtained by Ameritox. Writing this manuscript did not involve human subjects as defined by the U.S. Code of Federal Regulations (45
CFR 46.102); thus, an Institutional Review Board (IRB) approval of these specific research activities was not necessary.

3. Results

Fig. 1 illustrates a box and whiskers plot of the data post curation for the population set described above: “prescribed MP and testing
positive for RA”. These data are listed in Table 4 for additional clarity. The graph is displayed on a logarithmic scale so that the plots
can be displayed together. However, that is strictly a function of the display and has no bearing on the actual data. Nothing in this

Table 5A
Data by Age, Overall Data Set, Less Than 6 Years Old (young children).
All Ages Patient Specific Criteria (Average) Ritalinic Acid (ng/mL) Dose
Age N wt(lbs) Ht pH Specific Creatinine ~ Avg std dev median median avg Avg Dose/
(in) Gravity dose dose wt
4-90 9674 14440 62.02 6.56 1.0128 118.12 20193.26  28800.48 11452.00  20.0 25.37 0.14
<6 years old (young children)
Age N wt(lbs) Ht pH Specific Creatinine ~ Avg std dev median median avg Avg Dose/
(in) Gravity dose dose wt
4 14 50.33 44.89 6.96  1.0138 89.64 12658.79  20015.22  7793.00 7.5 10.71 0.21
5 133 53.91 45.71 6.88 1.0124 93.94 19270.03 21943.73 12362.00 10.0 11.10 0.21
<6 147 53.64 45.65 6.89 1.0125 93.53 18640.39  21790.28 11797.00 10.0 11.06 0.19
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display reflects a “normal” distribution as expected from previous data displays from UDT [14-18] which is why box and whiskers
plots were chosen for these data. Notably, the median for school age patients from 6 through 17 years old is much higher than the
median for adult patients 18 through 64 and geriatric patients 65 years old and over (Fig. 1). A Kruskal Wallis test indicates there is a
significant difference between the median of the RA concentration in school age patients (14,034 ng/mL) and that in adult patients
(8924 ng/mL) as well as geriatric patient samples. The other age groups of young children (<6 years old) and geriatric patients are
smaller data sets and appear to be consistent with the overall results.

Mathematical normalization and transformation of RA data as per Equations [1] and [2] is shown in Fig. 2. The near Gaussian
distribution that results from this process provides a more traditional model for reviewing population data. Note the x-axis is given in
standard deviation units where 68% of the population is between + 1 standard deviation, 95% between + 2 standard deviations, and
99.7% is between + 3 standard deviations [19].

Table 5A-D shows a variety of data listed by patient age. The median RA concentrations for school age patients (6 through 17) are
significantly higher than those for adult and geriatric patients as shown graphically in Fig. 1 and listed in Table 4. It is not clear that this
might be a function of body weight, creatinine or daily dose (also shown in Table 5). While creatinine concentration does appear to
increase with age until about age 18, it is neither a big change nor unexpected [20,21]. It is interesting that creatinine concentrations in
the young children age group are much lower than adult levels with the exception of the geriatric group which demonstrates nearly the
same level of creatinine as do the youngest patient samples. Specific Gravity and pH are consistent across all ages.

Fig. 3 shows the number of patient samples/(year old) for each population as a per cent of that population. These data were
converted to percentages of the total population to remove absolute number effects on the resulting profiles. For example, the number
of patient samples from patients 6 years old in the group “prescribed MP and testing positive for RA” was divided by the total number of
patient samples in that group and the resulting number was multiplied by 100% to create the data point for 6 years old in that group in
Fig. 3. These numbers are given in Tables 5A and 5B; e.g., 558 patients 6 years old both positive for and prescribed MP (Table 5B)
divided by 9674 total patients in that group (Table 5A).

4. Discussion

Box and whiskers plots of the RA data are shown in Fig. 1. These data were curated as discussed in the methods section in an attempt
to define “normal” ranges of RA from MP patients. While the overall range (all data) in Fig. 1a is interesting, the box and whiskers plots
representing school age patients (Fig. 1¢) and adult patients (Fig. 1d) demonstrate the difference between these unique populations
(Fig. 1). It is clear that these two populations have statistically significant different median values with the school age patients
exhibiting the highest concentrations. A close look at Table 5 (e.g., Table 5E) does not clearly indicate any correlation between these
average/median values and body weight, creatinine, or daily dose. School age patients exhibit a median dose of 27 mg/day while adult
patients have a median dose of 20 mg/day, a ratio of 1.35. Yet, the median concentration of RA in school age patients is almost two fold
greater than that of the adult patients. Table 5E illustrates that the impact of creatinine normalization does not change the relative
order of these age groups.

Normalization and transformation of the RA data from the population of “prescribed MP and testing positive for RA” results in
Fig. 2. The fit to a normal Gaussian curve is less than perfect. However, using this approach to define the population affords the
determination of patient data points either >2 or <2 standard deviations above or below the mean as outside the range of 95% of this
population. This would suggest that these patients are potentially abusing their MP prescription. For example, the actual values of
ppand oa are 4.695 and 1.139 respectively. Using 2 standard deviations from the mean and working backwards through equations (1)
and (2) yields an upper value of 115,067 ng/mL (using the median value of creatinine for the entire population of 107.8 mg/dL). This
would indicate that any RA value over 115,067 ng/mL would be suspect. Conversely, assessing data points below 2 standard deviations
from the mean yields a value of 1208 ng/mL suggesting that patients below this level might not be adherent to their prescription. After
curation, only 1.64% of the data points were above 115,067 ng/mL while 4.54% of the data points were below 1208 ng/mL suggesting

Table 5B

Data by age, 6 through 17 years old (school age patients).
6-17 years Patient Specific Criteria (Average) Ritalinic Acid (ng/mL) Dose
Age N wt(lbs) Ht pH Specific Creatinine  avg std dev median median avg Avg Dose/

(in) Gravity dose dose wt

6 297 66.07 47.50 6.88 1.0133 91.80 23227.52 29176.54 13251.00 10.0 15.35 0.23
7 403 60.64 49.93 6.81 1.0132 95.76 24841.15 31819.84 13780.00 18.0 20.66 0.34
8 485 67.46 51.46 6.72 1.0133 98.79 24014.21 28559.98 13982.00 18.0 21.54 0.32
9 544 75.61 53.74 6.79 1.0133 105.99 25877.47 30051.32 14074.00 20.0 25.57 0.34
10 558 86.02 55.05 6.62 1.0136 116.51 27699.36 30989.85 15616.50 22.0 26.62 0.31
11 558 97.66 57.32 6.58 1.0136 118.07 26514.37 31425.09 15041.50 27.0 28.18 0.29
12 493 110.67 59.68 6.50 1.0142 130.47 25689.89 30599.23 13552.00 30.0 30.32 0.27
13 400 124.59 62.13 6.62 1.0142 141.72 23638.34 26656.62 14308.00 30.0 30.74 0.25
14 371 140.73 64.17 6.53 1.0141 146.10 25393.62 35058.70 13646.00 36.0 33.40 0.24
15 336 155.17 65.97 6.59 1.0139 147.71 26973.88 57041.26 13265.00 36.0 33.93 0.22
16 261 164.23 66.87 6.47 1.0136 154.03 20109.14 23453.55 13022.00 30.0 32.20 0.20
17 225 165.82 66.60 6.72 1.0131 157.18 21583.00 23702.06 14271.00 36.0 33.35 0.20
6-17 4931 104.99 57.73 6.65 1.0136 122.23 25064.78 32493.79 14034.00 27.0 27.32 0.26




Table 5C

Data by age, 18 through 64 Years old (adult).

18-40 years Patient Specific Criteria (Average) Ritalinic Acid (ng/mL) Dose

Age N wt (Ibs) Ht (in) pH Specific Gravity Creatinine avg std dev median median dose avg dose Avg Dose/wt
18 171 168.70 66.91 6.75 1.0128 144.10 17513.62 20111.02 13054.00 36.0 35.53 0.21
19 105 181.14 67.57 6.62 1.0133 157.50 19022.91 22737.54 10982.00 30.0 31.86 0.18
20 96 169.77 67.44 6.64 1.0130 141.50 11291.54 10785.52 8084.50 20.0 27.28 0.16
21 88 171.26 66.50 6.70 1.0125 139.81 20281.01 23346.16 12325.00 36.0 34.85 0.20
22 80 174.39 67.55 6.64 1.0123 125.27 11511.95 12151.80 7809.00 20.0 26.30 0.15
23 89 184.45 67.64 6.52 1.0125 132.93 15498.43 28617.35 7379.00 20.0 26.48 0.14
24 92 179.03 67.47 6.62 1.0118 133.73 16042.42 22163.64 8813.00 20.0 25.94 0.14
25 84 187.52 67.88 6.54 1.0118 120.46 11997.62 13427.58 8808.00 20.0 28.31 0.15
26 84 190.16 67.62 6.64 1.0118 117.16 12743.88 18423.59 8285.50 20.0 23.15 0.12
27 151 181.92 65.83 6.57 1.0124 112.51 14617.54 23159.17 7410.00 20.0 27.46 0.15
28 145 176.73 65.87 6.54 1.0113 121.03 15732.34 24542.25 9126.00 20.0 25.26 0.14
29 122 185.71 66.75 6.56 1.0134 130.70 15292.34 22281.95 8480.50 20.0 24.56 0.13
30 121 181.01 66.83 6.59 1.0115 117.94 15881.90 23706.73 8970.00 20.0 26.03 0.14
31 110 185.13 67.14 6.49 1.0133 128.76 12973.70 16786.80 8389.50 20.0 22.05 0.12
32 104 183.07 65.72 6.48 1.0123 121.86 14216.89 18883.01 9384.50 20.0 21.05 0.11
33 97 182.75 65.74 6.47 1.0103 113.20 12862.08 15742.56 9080.00 20.0 21.78 0.12
34 129 178.87 66.35 6.59 1.0114 118.27 14987.79 22453.19 9275.00 20.0 23.48 0.13
35 103 181.09 66.97 6.48 1.0118 109.81 13526.04 18543.44 8893.00 20.0 23.03 0.13
36 95 188.96 67.47 6.43 1.0114 107.25 12728.93 14763.54 8331.00 20.0 21.73 0.12
37 81 204.32 67.36 6.35 1.0122 126.34 14442.63 20407.98 9201.00 20.0 23.38 0.11
38 107 184.55 66.37 6.57 1.0115 112.24 14766.12 23400.91 8652.00 20.0 22.05 0.12
39 89 192.62 67.35 6.43 1.0128 120.69 18155.92 28971.85 11453.00 20.0 29.40 0.15
40 110 186.08 66.35 6.57 1.0102 103.84 10718.43 9239.49 8183.50 20.0 23.21 0.12
Age 41-64 Patient Specific Criteria (Average) Ritalinic Acid (ng/mL) Dose

Age N wt (Ibs) Ht (in) pH Specific Gravity Creatinine Avg std dev median median dose avg dose Avg Dose/wt
41 104 190.63 66.48 6.42 1.0106 102.12 13318.44 19798.78 8130.50 20.0 25.94 0.14
42 89 179.82 66.29 6.41 1.0118 113.41 22678.62 48659.88 12053.00 20.0 23.32 0.13
43 92 194.43 67.65 6.44 1.0126 119.17 12305.41 13799.03 7687.00 20.0 22.99 0.12
44 104 190.16 66.50 6.42 1.0124 111.63 16149.48 25965.50 8730.50 20.0 23.47 0.12
45 95 192.62 66.90 6.31 1.0112 113.74 13518.52 20585.17 8405.00 20.0 23.73 0.12
46 98 192.52 66.60 6.37 1.0116 107.12 11854.41 14634.88 8859.50 20.0 20.96 0.11
47 111 187.55 65.86 6.41 1.0124 107.91 16801.92 30044.70 8364.00 20.0 22.12 0.12
48 101 183.48 65.55 6.39 1.0128 104.20 14124.92 19174.94 7543.00 20.0 23.62 0.13
49 59 196.45 67.44 6.31 1.0120 98.44 8610.71 6313.33 6578.00 20.0 19.17 0.10
50 74 179.07 65.95 6.56 1.0120 101.80 22016.05 53915.33 10399.50 20.0 20.39 0.11
51 80 180.11 65.83 6.47 1.0104 89.48 13664.83 14364.65 8160.50 20.0 25.12 0.14
52 69 189.77 66.22 6.41 1.0101 90.36 8767.81 8849.55 6638.00 20.0 18.64 0.10
53 92 180.06 66.28 6.21 1.0118 90.96 12755.15 18489.42 7141.00 20.0 20.64 0.11
54 108 189.98 66.16 6.24 1.0121 106.13 19027.30 31109.55 8593.00 20.0 19.27 0.10
55 81 177.78 66.27 6.30 1.0118 98.02 13109.53 21962.11 7648.00 10.0 18.15 0.10
56 77 181.66 65.81 6.26 1.0111 100.51 22331.22 43228.73 10375.00 20.0 22.11 0.12
57 84 186.14 67.05 6.22 1.0111 90.26 14032.94 15571.95 9782.50 20.0 19.79 0.11
58 67 187.28 67.72 6.36 1.0128 121.44 15747.82 26783.16 9646.00 20.0 21.77 0.12
59 69 194.94 67.84 6.25 1.0116 100.96 14900.22 25286.99 6036.00 20.0 18.40 0.09
60 64 191.75 67.31 6.20 1.0119 105.93 16653.53 22263.58 9851.00 20.0 20.14 0.11
61 44 189.33 64.29 6.30 1.0116 100.87 20553.30 32106.85 8732.00 20.0 17.03 0.09
62 47 185.63 66.22 6.09 1.0121 105.73 13800.15 16247.68 9379.00 10.0 15.61 0.08
63 42 197.06 66.61 5.72 1.0139 110.15 17262.69 28292.69 6810.00 20.0 21.15 0.11
64 42 179.31 64.06 6.18 1.0128 104.40 14144.07 15091.64 8918.00 20.0 18.85 0.11
18-64 4346 184.28 66.64 6.46 1.01 115.54 15007.58 23485.76 8924.00 20.0 24.00 0.13
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Table 5D
Data by age, 65 Years and older (geriatric).
>65 Years Patient Specific Criteria (Average) Ritalinic Acid (ng/mL) Dose
Age N wt(lbs)  Ht(in) pH Specific Creatinine ~ Avg std dev Median median avg Avg Dose/
Gravity dose dose wt
65 31 193.10 66.30 6.15 1.0123 126.99 21455.80 27932.70 11268.00 25.0 34.35 0.18
66 26 178.88 66.29 6.53 1.0091 81.52 14837.04 19787.68 8258.50 20.0 23.96 0.13
67 24 179.09 66.48 6.32 1.0129 96.27 9910.25 8349.86 8904.50 10.0 20.05 0.11
68 23 197.05 67.39 6.10 1.0115 89.88 16208.87 17870.40 9703.00 20.0 19.68 0.10
69 21 196.24 65.82 5.98 1.0129 98.64 9123.76 6927.26 7161.00 10.0 13.85 0.07
70 28 167.56 65.46 6.35 1.0101 92.78 22313.89 35874.28 9351.00 20.0 23.96 0.14
71 15 178.67 65.79 6.09 1.0121 97.45 12278.00 10768.44 10236.00 10.0 14.00 0.08
72 18 164.43 65.29 6.53 1.0115 93.58 18230.72 18283.55 13232.00 15.0 17.83 0.11
73 17 174.87 65.93 6.14 1.0124 88.33 19858.71 34620.05 8652.00 10.0 15.76 0.09
74 9 190.11 66.00 5.99 1.0120 104.72 11312.78 8417.87 12991.00 10.0 17.89 0.09
>75 40 162.81 65.63 6.38 1.0116 94.69 11609.30 13468.66 6958.00 15.0 17.63 0.11
>65 250 178.81 66.03 6.27 1.0116 96.12 15168.33 21172.03 9297.00 20.0 19.08 0.11
6 — Pos w script
-------- Pos no script
----------- Neg w script

Percent of Data Type (%)
w
1

Age (years)

Fig. 3. Population percentages.

the Gaussian fit is less than perfect. Thus, while interesting, the approach of describing the population via normalization and trans-
formation requires some data and mathematical skills from the practitioner.

Of course, patients prescribed MP but diverting their pills would test negative for RA even if they attempted to add MP directly to
their urine sample since the MP would only be minimally ‘metabolized’ in the urine sample if at all via hydrolysis (i.e., “pill scrapers™).
Hence, these values would be less than the reporting cutoff of 500 ng/mL (Table 1).

Abuse of MP is acknowledged especially on college campuses where it is used to enable all night studying and is used recreationally
via intranasal administration [5]. In the same time frame where 11,384 patients with prescriptions tested positive, 10,421 (47.8%)
patients with listed prescriptions tested negative indicating that they might not take their drug and/or divert it to other users as
discussed above. Another group of 6751 patients over the same time limits were positive for RA without a prescription for MP listed.
After curating this group as above without the requirement for a prescription, the median concentration of RA was 6227 ng/mL (5787
patient samples), much lower than any of the age groups or overall shown in Fig. 1. While knowledge of the presence of a prescription
is totally dependent upon information provided by the testing physician on the sample requisition, it would appear that
non-prescription use of MP results in lower levels of RA in urine consistent with less frequent dosing than those on chronic
prescriptions.

As shown in Fig. 3, the profile of each group with respect to the number of patients by age is different. The “normal” group of
patients prescribed MP and testing positive for RA exhibits a peak among younger patients between 4 and 20 with a maximum at
approximately 10 or 11 years old. Beyond age 20, the numbers for this group are nearly flat at lower percentages. Those with a
prescription for MP but testing negative for RA parallel the “normal” population below age 20 but reflect those who are positive for RA
without a prescription above age 20. Finally, those without a prescription but testing positive for RA show a peak in numbers between
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Table 5E
Data summaries.
age group median median median Avg avg Avg RA/ median ratio ratio avg ratio median ratio
RA creatinine RA/ RA creatinine avg dose/wt median median dose avg dose median
median creatinine dose/wt RA to dose to dose to
creatinine to adult median avg adult
dose/wt adult RA adult median
value dose dose
<6 yr old 11797  90.7 130.1 18640 93.5 199.4 0.19 1.5 1.32 11.1 1.5 10 0.5
6 through 17 14034 112.4 124.9 25064 122.2 205.1 0.26 2 1.57 27.3 2.0 27 1.4
18 through 64 8924 105 85.0 15007 115.5 129.9 0.13 1 1 24 1.0 20 1.0
>65 Years 9297 91.95 101.1 15268 96.1 158.9 0.11 0.85 1.04 19.1 0.8 20 1.0

the ages of 20 and 45. These profiles suggest that these are individual populations and thus, combining all these data or even data from
patients with a prescription either negative or positive would be ill advised. Interestingly, of the prescribed population (e.g., positive
with a prescription + negative with a prescription), 41.2% are female and 58.6% male while for those positive without a prescription,
56.7% are female and 43.3% male. Further, the number of patient samples under age 18 for the “prescribed MP and testing positive”
population is 54.7% while the same number for the positive without prescription group was 13.9%. Again, while interesting and
perhaps not surprising, it is difficult to make conclusions based on these data.

Part of the focus for this paper is to aid in determining patient adherence. To be successful, RA outliers should be readily identified
from a comparison with Fig. 1 or Fig. 2. Necessarily, 5% of the patient data used in making Fig. 1 (Table 4) is outside the limits of this
box and whiskers plot. This correlates with the amount of a population between + 2 standard deviations around the mean (95%) of a
population. The difference between Figs. 1 and 2 is that the excluded points will not be symmetric around the mean in Fig. 1 whereas
the near Gaussian distribution of Fig. 2 makes that more likely. Making decisions from population based data displays is difficult for
those patients who fall above, but near the upper limit of the “normal range” and should be made in conjunction with other clinical
observations of the individual patient.

The ability to quickly compare UDT results without further mathematical manipulation to results from a large test population
should help determine patient adherence from their UDT data. While various normalizations and transformations have been reported
[12-17], they all require additional mathematical manipulations often using demographic data that may or may not be available.
There is value in defining the population and in being able to use Gaussian statistics to predict consistency with that population as
shown in Fig. 2. However, in the absence of such comparisons by the testing company on the report, direct comparison with raw data
(albeit curated for inconsistent results) may be the easiest and most impactful way to help assess patient adherence.

5. Conclusions

While an increasing number of children and young adults continue to be dosed with MP as well as other stimulants for the treatment
of ADHD, little has been written about testing concentrations of RA in urine and what is “normal” vs. what is diversion/abuse [3,8].
The data presented herein (Table 4) provide an estimate of “normal” such that physicians can or they may be abusing/diverting their
prescription. Interestingly, the “normal” concentration of RA in urine is different for school aged patients from 6 through 17 years old
than for adults (18 through 64 years) and geriatric patients. It is clear that on average, the school age patients are dosed at higher levels
than adults or geriatrics. These higher dose levels coupled with lower body weight in this age group might account for a portion of the
observed differences. A more interesting question concerns the elevated dose levels for children vs adults. The observed differences
between these groups cannot easily be attributed to a single factor or even a small collection of factors. Finally, if a UDT concentration
is outside "normal" ranges, other clinical information/observations should guide decision making.
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