
Supplementary Data 3

Evaluation of the Endogenous Concentration Using a Quadratic

and a Linear Regression

Figure 1: Percent difference observed between the real endogenous value and the measured endogenous value
when a linear calibration model is used on quadratic data.

Figure 2: Percent difference observed between the real endogenous value and the measured endogenous value
when a quadratic calibration model is used on quadratic data.
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Distribution density is more symmetrical, with a median closer to zero when the quadratic regression is

used on quadratic data rather than the linear one.

The R script used to produce those histogram is reproduced here:

1 # XE Lin vs Quad .R

2 # A s c r i p t to compare e s t imat i on o f the endogenous concent ra t i on v ia a cropped l i n e a r

c a l i b r a t i o n curve

3 # and a quadrat i c c a l i b r a t i o n curve i f the under ly ing data i s quadrat i c ( mimicking the LC−MS

/MS case ) .

4 # By Br i g i t t e Desharnais , o r i g i n a l v e r s i on on 2017−04−28,

5 # sub s t an t i a l re−work on 2018−09−21.

6

7 # Create v e c t o r s to s tock the observed d i f f e r e n c e s to the known endogenous concent ra t i on .

8 Q Di f f <− vec to r (mode=”numeric ” , l ength =10000)

9 L D i f f <− vec to r (mode=”numeric ” , l ength =10000)

10

11 # Vector o f concent ra t i on l e v e l s to be used .

12 X <− c (0 , 3 , 6 , 30 , 60 , 150 , 255 , 300)

13

14 # Number o f c a l i b r a t i o n l e v e l s .

15 n <− l ength (X)

16

17 # Repeat z i t e r a t i o n s o f gene ra t ing f a l s e data , f i nd i n g the exper imenta l endogenous

concent ra t i on and

18 # comparing i t to the r e a l endogenous concent ra t i on .

19 f o r ( z in 1 :10000) {
20 # The pre l im inary study o f 14 exper imenta l BHB curves a l lowed to es t imate the

21 # normal range o f b0 , b1 and b2 . This was used to s e t the boundar ies o f the uniform

d i s t r i b u t i o n s here .

22 # Random s e l e c t i o n o f b0 ( i n t e r c e p t ) .

23 b0 <− r un i f (1 , min=0.08 , max=0.4)

24

25 # Random s e l e c t i o n o f b1 ( l i n e a r parameter ) .

26 b1 <− r un i f (1 , min=0.07 , max=0.1)

27

28 # Random s e l e c t i o n o f b2 ( quadrat i c parameter ) .

29 b2 <− r un i f (1 , min=−0.00009 , max=−0.00000008)

30

31 # Generation o f p r ed i c t ed r e sponse s (measurements ) .

32 y <− ( b2∗X∗X) + (b1∗X) + b0

33

34 # Generate a l e v e l dependent measurement e r r o r f o r h e t e r o s c e d a s t i c data , type 1/ (xˆ2) .

35 percent <− r un i f (1 , min=1, max=20)

36 sd <− ( percent / 100) ∗y
37 RSD <− sd/y∗100
38

39 # Simulat ion o f exper imenta l data , i . e . no i s e obscured measurements .

40 # Set number o f r e p l i c a t e s .

41 rep = 1

42

43 # Create empty matrix to s t o r e the r e s u l t s .

44 Y <− matrix ( nrow=n , nco l=rep )

45
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46 # Generation o f random normally d i s t r i b u t e d measurements and s to rage in Y matrix .

47 f o r ( i in 1 : n )

48 {Temp <− rnorm ( rep , y [ i ] , sd [ i ] )

49 Y[ i , ] <− Temp}
50

51 # Load the func t i on OptParam

52 # (Taken from CodeV5 .R o f the c a l i b r a t i o n pro j e c t , wr i t t en by FCL)

53 OptParam <− f unc t i on (X,Y, poids , i n d i c e ) {
54 # Finds the c a l i b r a t i o n parameters f o r

55 # Weight ( po ids ) 1 (=0) or 1/x (=1) or 1/ (xˆ2) (=2) .

56 # Model order ( i nd i c e ) l i n e a r (1 ) or quadrat i c (2 ) .

57 W <− diag (1 /abs (X) ˆ po ids )

58 xf <− matrix ( rep (X, each = ind i c e +1) , nco l=i nd i c e +1,byrow=T)

59 ex <− matrix ( rep ( 0 : ( i n d i c e ) , l ength (X) ) , nco l=i nd i c e +1 , byrow=T)

60 Xp = xf ˆex

61 matInv <− s o l v e ( t (Xp)%∗%W%∗%Xp)

62 param . optimaux <− rev (matInv%∗%t (Xp)%∗%W%∗%Y)

63 r e turn (param . optimaux )

64 }
65

66 # S t e r i l i z e data s e t to prevent NaN in weighted funct i ons ,

67 # i . e . r ep l a c e concen t ra t i on s o f 0 by 1e−8.

68 f o r ( k in 1 : n) {
69 i f (X[ k ] == 0) {
70 X[ k ] <− 1E−8}
71 }
72

73 # Perform l i n e a r r e g r e s s i o n without the two top l e v e l s ( s tandards 6 and 7) .

74 L Params <− OptParam(X[ 1 : 6 ] ,Y[ 1 : 6 ] , 2 , 1 )

75

76 # Perform quadrat i c r e g r e s s i o n with a l l s tandards .

77 Q Params <− OptParam(X,Y, 2 , 2 )

78

79 # Solve f o r XE in a l l c a s e s .

80 # The r e a l XE : based on parameters used to generate data .

81 XE R 1 <− abs ((−b1 + sq r t ( ( b1∗b1 )−(4∗b2∗b0 ) ) ) / (2 ∗b2 ) )
82 XE R 2 <− abs ((−b1 − s q r t ( ( b1∗b1 )−(4∗b2∗b0 ) ) ) / (2 ∗b2 ) )
83

84 # Se l e c t the sma l l e s t s o l u t i o n o f the two ( i . e . the x i n t e r c e p t ) .

85 i f (XE R 1 < XE R 2) {
86 XE R <− XE R 1

87 } e l s e {
88 XE R <− XE R 2

89 }
90

91 # XE ca l cu l a t ed from the quadrat i c r e g r e s s i o n on s imulated exper imenta l data .

92 XE Q 1 <− abs ((−Q Params [ 2 ] + sq r t ( (Q Params [ 2 ] ∗Q Params [ 2 ] ) −(4∗Q Params [ 1 ] ∗Q Params [ 3 ] ) )

) / (2 ∗Q Params [ 1 ] ) )

93 XE Q 2 <− abs ((−Q Params [ 2 ] − s q r t ( (Q Params [ 2 ] ∗Q Params [ 2 ] ) −(4∗Q Params [ 1 ] ∗Q Params [ 3 ] ) )

) / (2 ∗Q Params [ 1 ] ) )

94

95 # Se l e c t the sma l l e s t s o l u t i o n o f the two ( i . e . the x i n t e r c e p t ) .

96 i f (XE Q 1 < XE Q 2) {
97 XE Q <− XE Q 1
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98 } e l s e {
99 XE Q <− XE Q 2

100 }
101

102 # Store the d i f f e r e n c e between the s imulated exper imenta l va lue and the r e a l va lue in Q

D i f f .

103 Q Di f f [ z ] <− ( (XE Q − XE R)/XE R) ∗100
104

105 # XE ca l cu l a t ed from the l i n e a r r e g r e s s i o n on the s imulated exper imenta l data .

106 XE L <− L Params [ 2 ] /L Params [ 1 ]

107

108 # Store the d i f f e r e n c e between the s imulated exper imenta l va lue and the r e a l va lue in L

D i f f .

109 L D i f f [ z ] <− ( (XE L−XE R)/XE R) ∗100
110

111 }
112

113 # Load nece s sa ry packages .

114 l i b r a r y ( ex t r a f on t )

115 l i b r a r y ( ggp lot2 )

116 l i b r a r y ( dplyr )

117

118 # Format r e s u l t s f o r graph product ion .

119 Data <− cbind (L Di f f , Q D i f f )

120 colnames (Data ) <− c ( ” Linear ” , ”Quadratic ” )

121 Data <− t b l df (Data )

122

123 # Generate histograms f o r the percent d i f f e r e n c e s observed .

124 # For l i n e a r r e g r e s s i o n .

125 ggp lot (Data , aes ( x=Linear ) ) +

126 geom histogram ( aes ( y=. . dens i ty . . ) , binwidth = 5 , co l ou r=”black ” , f i l l =”white ” , alpha =0.2)

+

127 geom dens i ty ( alpha =0.2 , f i l l =”#5ed134” )+

128 s c a l e x cont inuous (name=”D i f f e r e n c e with Real Value (%)” , l im i t s=c (−75 ,75) ) +

129 s c a l e y cont inuous (name=”Density ” )+

130 g g t i t l e ( ” D i f f e r e n c e Observed with Linear Regres s ion ” ) +

131 theme ( p l o t . t i t l e = element text ( s i z e = 20 , f a c e = ”bold ” , fami ly = ”Century Gothic ” ) ,

132 ax i s . t i t l e = element text ( s i z e = 18 , fami ly = ”Century Gothic ” ) ,

133 ax i s . t i t l e . y = element text (margin = margin ( t = 0 , r = 20 , b = 0 , l = 0) ) ,

134 ax i s . t i t l e . x = element text (margin = margin ( t = 20 , r = 0 , b = 0 , l = 0) ) ,

135 ax i s . t ex t = element text ( s i z e = 14 , fami ly = ”Century Gothic ” ) ,

136 p lo t . margin=uni t ( c ( 1 , 1 , 0 . 5 , 0 . 5 ) , ”cm” ) )

137

138 # For quadrat i c r e g r e s s i o n .

139 ggp lot (Data , aes ( x=Quadratic ) ) +

140 geom histogram ( aes ( y=. . dens i ty . . ) , binwidth = 5 , co l ou r=”black ” , f i l l =”white ” , alpha =0.2)

+

141 geom dens i ty ( alpha =0.2 , f i l l =”#4b3cc1” )+

142 s c a l e x cont inuous (name=”D i f f e r e n c e with Real Value (%)” , l im i t s=c (−75 ,75) ) +

143 s c a l e y cont inuous (name=”Density ” )+

144 g g t i t l e ( ” D i f f e r e n c e Observed with Quadratic Regres s ion ” ) +

145 theme ( p l o t . t i t l e = element text ( s i z e = 20 , f a c e = ”bold ” , fami ly = ”Century Gothic ” ) ,

146 ax i s . t i t l e = element text ( s i z e = 18 , fami ly = ”Century Gothic ” ) ,

147 ax i s . t i t l e . y = element text (margin = margin ( t = 0 , r = 20 , b = 0 , l = 0) ) ,
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148 ax i s . t i t l e . x = element text (margin = margin ( t = 20 , r = 0 , b = 0 , l = 0) ) ,

149 ax i s . t ex t = element text ( s i z e = 14 , fami ly = ”Century Gothic ” ) ,

150 p lo t . margin=uni t ( c ( 1 , 1 , 0 . 5 , 0 . 5 ) , ”cm” ) )
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