Supplemental table A. Study characteristics of studies for which the data could not be used in the present analysis
	Author
	Year
	IPD*
	Study design
	N
	Dietary intervention
	Intervention period (days)
	Fruit and vegetable intake (g/d)

	Biomarker values at follow-up (mean±SD)

	Appel et al.(1); Miller III et al.(2)
	2000
1998
	UN
	Parallel intervention
	123
	Complete diet
	56
	A: control
	FV: -
FVJ: 320
	Folate 
	11.1 ± 4.6

	
	
	
	
	
	
	
	B: fruits and vegetables
	FV: -
FVJ: 712
	Folate 
	13.5 ± 6.9

	
	
	
	
	
	
	
	C: combination
	FV: -
FVJ: 840
	Folate 
	13.8 ± 4.9

	Bowen et al.(3)
	1993
	UN
	One diet for all subjects
	48
	Complete diet
	182
	
	FV: 440
	α-carotene
	0.15 ± 0.10

	
	
	
	
	
	
	
	
	
	β-carotene
	0.64 ± 0.39

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.52 ± 0.30

	
	
	
	
	
	
	
	
	
	Lycopene
	0.75 ± 0.26

	
	
	
	
	
	
	
	
	
	Lutein
	0.46 ± 0.18

	Brevik et al.(4)
	2004
	NR
	Cross-over intervention
	39
	Complete diet with list of free choice
	14
	A: 2 portions

	FV: 253.2
FVJ: 299.6
	α-carotene†
	0.05 ± 0.02

	
	
	
	
	
	
	
	
	
	β-carotene
	0.44 ± 0.24

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.21 ± 0.08

	
	
	
	
	
	
	
	
	
	Lycopene
	0.48 ± 0.12

	
	
	
	
	
	
	
	
	
	Lutein
	0.25 ± 0.08

	
	
	
	
	
	
	
	
	
	Zeaxanthin
	0.03 ± 0.01

	
	
	
	
	
	
	
	B: 5 portions
	FV: 633.4
FVJ: 749.5
	α-carotene†
	0.07 ± 0.03

	
	
	
	
	
	
	
	
	
	β-carotene
	0.63 ± 0.23

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.19 ± 0.08

	
	
	
	
	
	
	
	
	
	Lycopene
	0.56 ± 0.14

	
	
	
	
	
	
	
	
	
	Lutein
	0.31 ± 0.11

	
	
	
	
	
	
	
	
	
	Zeaxanthin
	0.03 ± 0.02

	Martini et al.(5)
	1995
	UN
	Cross-over intervention
	19
	Complete diet
	9
	A: control
	FV: 0
FVJ: 0
	α-carotene
	0.09 ± 0.05

	
	
	
	
	
	
	
	
	
	β-carotene
	0.26 ± 0.13

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.15 ± 0.12

	
	
	
	
	
	
	
	
	
	Lycopene
	0.32 ± 0.12

	
	
	
	
	
	
	
	
	
	Lutein
	0.26 ± 0.09

	
	
	
	
	
	
	
	B: carotenoid
	FV: 540
FVJ: 540
	α-carotene
	0.48 ± 0.21

	
	
	
	
	
	
	
	
	
	β-carotene
	0.84 ± 0.38

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.13 ± 0.06

	
	
	
	
	
	
	
	
	
	Lycopene
	0.30 ± 0.08

	
	
	
	
	
	
	
	
	
	Lutein
	0.58 ± 0.16

	
	
	
	
	
	
	
	C: cruciferious
	FV: 690
FVJ: 690
	α-carotene
	0.09 ± 0.07

	
	
	
	
	
	
	
	
	
	β-carotene
	0.37 ± 0.19

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.15 ± 0.13

	
	
	
	
	
	
	
	
	
	Lycopene
	0.29 ± 0.13

	
	
	
	
	
	
	
	
	
	Lutein
	0.53 ± 0.16

	Silaste et al.(6, 7)
	2003
2004
	NR
	Cross-over intervention
	37
	Complete diet
	35
	A: low-folate
	FV: 160
FVJ: 160
	Folate
	11.0 ± 3.0

	
	
	
	
	
	
	
	
	
	α-carotene
	0.31

	
	
	
	
	
	
	
	
	
	β-carotene
	0.70

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.17

	
	
	
	
	
	
	
	
	
	Lycopene
	0.35

	
	
	
	
	
	
	
	
	
	Lutein+Zeaxanthin
	0.20

	
	
	
	
	
	
	
	B: high-folate
	FV: 800
FVJ: 800
	Folate
	19.3 ± 6.4

	
	
	
	
	
	
	
	
	
	α-carotene
	0.72

	
	
	
	
	
	
	
	
	
	β-carotene
	1.56

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.27

	
	
	
	
	
	
	
	
	
	Lycopene
	0.35

	
	
	
	
	
	
	
	
	
	Lutein+Zeaxanthin
	0.40

	Yeon et al.(8)
	2012
	NR
	Two periods, no cross-over
	22
	Only fruits/vegetables provided
	14
	A: Low-FV
	FV:160
FVJ: 160
	β-carotene
	0.40 ± 0.44

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.29 ± 0.08

	
	
	
	
	
	
	
	
	
	Lycopene
	0.32 ± 0.14

	
	
	
	
	
	
	
	
	
	Lutein+Zeaxanthin
	0.24 ± 0.06

	
	
	
	
	
	
	
	B: High-FV
	FV: 960
FVJ: 960
	β-carotene
	0.66 ± 0.65

	
	
	
	
	
	
	
	
	
	Cryptoxanthin
	0.34 ± 0.21

	
	
	
	
	
	
	
	
	
	Lycopene
	0.38 ± 0.32

	
	
	
	
	
	
	
	
	
	Lutein+Zeaxanthin
	0.38 ± 0.18

	Yeum et al.(9)
	1996
	UN
	Cross-over intervention
	36
	Complete diet
	15
	
	
	---‡


FV, fruit and vegetable intake excluding juices; FVJ, fruit, vegetable and juice intake.
* UN, unavailable/inaccessible; NR, not responded
† Plasma values after the first diet period
‡ Values could not be abstracted from the paper

Supplemental Table B. Regression equations of the dose-response relationships between fruit and vegetable intake and biomarkers
	Outcome (Y)
	Exposure (X)
	Regression equation

	α-carotene


	FVJ
	

	
	FV

	

	β-carotene
	FVJ
	

	
	FV

	

	Lutein

	FVJ
	

	
	FV

	

	Zeaxanthin

	FVJ
	

	
	FV

	

	Cryptoxanthin
	FVJ
	

	
	FV

	

	Lycopene

	FVJ
	

	
	FV

	

	Folate

	FVJ
	

	
	FV

	

	Vitamin C

	FVJ
	

	
	FV

	


FVJ, fruit, vegetable and juice intake; FV, fruit and vegetable intake excluding juices.


Supplemental Table C. Covariate and interaction analysis of possible predictors of the plasma biomarkers
	
	Age
	BMI
	Gender
	Smoking
	Age*FV(J)
	BMI*FV(J)
	Gender*FV(J)
	Smoking*FV(J)

	
	Power
	P-value
	Power
	P-value
	P-value
	P-value
	Power
	P-value
	Power
	P-value
	Power
	P-value
	Power
	P-value

	AC
	FVJ
	-1
0
	0.00
0.00
	1
	0.000
	0.164
	0.014
	1
	0.00
	1
	0.001
	1
	0.006
	1
	0.035

	
	FV
	3
	0.004
	1
	0.000
	0.049
	0.767
	3
3
	0.000
0.000
	0.5
1
	0.000
0.000
	3
3
	0.000
0.000
	3
	0.006

	BC
	FVJ
	0
0
	0.0
0.0
	1
	0.0
	0.098
	0.003
	1
	0.00
	1
	0.002
	1
	0.007
	2
	0.00

	
	FV
	-0.5
-0.5
	0.000
0.001
	1
	0.000
	0.013
	0.068
	1
	0.000
	1
	0.000
	1
	0.013
	1
	0.240

	LU
	FVJ
	1
	0.012
	1
	0.004
	0.00
	0.00
	-0.5
-0.5
	0.00
0.00
	1
	0.00
	1
	0.268
	1
	0.001

	
	FV
	1
	0.000
	1
	0.001
	0.000
	0.000
	-2
-1
	0.000
0.000
	1
	0.019
	2
2
	0.000
0.000
	1
1
	0.018
0.000

	ZE
	FVJ
	0
0
	0.00
0.00
	1
	0.123
	0.013
	0.000
	1
	0.00
	-2
	0.002
	1
	0.00
	1
	0.187

	
	FV
	1
	0.020
	1
	0.002
	0.000
	0.005
	-2
-2
	0.040
0.002
	1
	0.051
	3
3
	0.000
0.000
	1
	0.027

	CR
	FVJ
	1
	0.0
	1
	0.003
	0.466
	0.00
	0.5
0.5
	0.0
0.0
	1
	0.00
	-1
-0.5
	0.00
0.00
	1
	0.013

	
	FV
	-2
	0.000
	1
	0.002
	0.108
	0.000
	3
	0.001
	1
1
	0.000
0.000
	1
	0.284
	0.5
3
	0.000
0.000

	LY
	FVJ
	-2
	0.0
	1
	0.025
	0.488
	0.002
	-1
	0.027
	2
2
	.00
.00
	2
2
	0.014
0.00
	1
	0.075

	
	FV
	-2
	0.000
	1
	0.002
	0.297
	0.000
	1
	0.170
	-0.5
2
	0.000
0.001
	1
1
	0.601
0.000
	1
	0.162

	LU+ZE
	FVJ
	1
	0.018
	1
	0.05
	0.00
	0.00
	-1
3
	0.00
0.001
	1
	0.00
	1
	0.282
	1
	0.00

	
	FV
	1
	0.000
	1
	0.001
	0.000
	0.000
	-2
-2
	0.000
0.000
	1
	0.000
	1
	0.363
	1
	0.002

	FO
	FVJ
	1
	0.156
	1
	0.594
	0.30
	0.48
	-2
-0.5
	0.001
0.001
	1
	0.173
	3
3
	0.355
0.00
	1
	0.596

	
	FV
	1
	0.181
	1
	0.590
	0.900
	0.397
	-2
-0.5
	0.000
0.000
	1
	0.005
	1
2
	0.000
0.000
	1
	0.692

	VC
	FVJ
	1
	0.013
	1
	0.594
	0.514
	0.00
	-2
-2
	0.001
0.001
	1
	0.00
	-1
-1
	0.00
0.00
	1
	0.186

	
	FV
	1
	0.000
	1
	0.083
	0.000
	0.000
	1
	0.094
	1
	0.020
	3
3
	0.000
0.000
	1
	0.916


AC, α-carotene; FVJ, fruit, vegetable and juice intake; FV, fruit and vegetable intake excluding juices; BC, β-carotene; LU, lutein; ZE, zeaxanthin; CR, cryptoxanthin; LY, lycopene; FO, folate; VC, vitamin C.

Supplemental table D. Power selection for the continuous predictors with the MFP procedure in the 10 completed* data sets separately
	Predictor
	Power selection in completed data set†
	Majority

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	FVJ
	
	
	
	
	
	
	
	
	
	
	

	α-carotene
	0.5
	-2,0
	-0.5,-0.5
	-0.5,-0.5
	0.5
	1
	-0.5,-0.5
	1,2
	0.5
	-1,-0.5
	0.5‡

	β-carotene
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1

	Lutein + zeaxanthin
	1
	-2,-2
	1
	-0.5
	1
	-0.5
	-0.5
	1
	-1
	-0.5
	1‡

	Cryptoxanthin
	-1
	1
	1
	1
	1
	1
	-2,-2
	-0.5
	1,1
	1,1
	1

	Lycopene
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Folate
	1
	3
	2
	0,3
	2
	2
	0,3
	2
	3
	3
	2

	Vitamin C
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	BMI
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Gender
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Age
	0.5,0.5
	1,1
	0,0
	3
	-0.5,0
	0,0.5
	-0.5,0
	0,0.5
	0,0.5
	0.5,1
	0,0.5

	Smoking
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	

	FV
	
	
	
	
	
	
	
	
	
	
	

	α-carotene
	1
	-2,0.5
	-2,0.5
	-2
	1
	1
	-0.5,-0.5
	-2
	1
	-2,0.5
	1

	β-carotene
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1

	Lutein + zeaxanthin
	-0.5
	0.5,1
	-0.5
	1,1
	1,1
	1,1
	-0.5
	1,1
	0.5,1
	1,1
	1,1

	Cryptoxanthin
	1
	-2,-1
	1
	1
	1
	1
	-2,-2
	1
	1
	1
	1

	Lycopene
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Folate
	1
	1,3
	1
	1
	1
	1
	3
	1
	3
	1
	1

	Vitamin C
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	BMI
	1
	1
	3
	1
	1
	1
	1
	1
	1
	1
	1

	Gender
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Age
	3
	1,2
	3
	1
	0,0.5
	3
	1
	3
	-1,3
	2,2
	3

	Smoking
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x


FVJ, fruit, vegetable and juice intake; FV, fruit and vegetable intake excluding juices.
* Completed data sets refers to the data after multiple imputation
† x means dichotomous variable is selected; a number means continuous variable is selected with given power(s)
‡ The simplest model is preferred when there is no majority


Supplemental table E. Power and variable selection for the predictors with the reduced MFP procedure in the 10 completed* data sets separately
	Predictor
	Power selection in completed data set†
	Majority

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	FVJ
	
	
	
	
	
	
	
	
	
	
	

	α-carotene
	0.5
	-2,0
	-0.5,-0.5
	-0.5,-0.5
	0.5
	0.5
	-0.5,-0.5
	-0.5,-0.5
	0.5
	-2,0
	0.5

	β-carotene
	--
	--
	--
	1
	--
	1
	--
	--
	--
	--
	--

	Lutein + zeaxanthin
	--
	-1
	--
	-0.5
	-1
	-0.5
	-0.5
	--
	-1
	-0.5
	-0.5

	Cryptoxanthin
	-0.5
	-2,-2
	--
	--
	--
	--
	-2,-2
	-0.5
	--
	--
	--

	Lycopene
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Folate
	1
	3
	2
	0,3
	2
	2
	3
	2
	3
	3
	2‡

	Vitamin C
	--
	--
	1
	--
	--
	--
	--
	--
	--
	--
	--

	BMI
	--
	1
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Gender
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	Age
	0.5,0.5
	1,1
	0,0
	3
	-0.5,0
	0,0
	-0.5,-0.5
	0,0.5
	0,0
	0.5,1
	0,0

	Smoking
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	

	FV
	
	
	
	
	
	
	
	
	
	
	

	α-carotene
	--
	-2,0.5
	-2,0.5
	--
	--
	--
	-0.5,0
	-2
	--
	-2,0.5
	--

	β-carotene
	1
	--
	--
	1
	1
	1
	--
	0
	1
	--
	1

	Lutein + zeaxanthin
	-0.5
	0.5,1
	-1
	1,1
	1,2
	-2,-2
	-0.5
	-0.5
	0.5,1
	1,1
	-0.5

	Cryptoxanthin
	--
	-2,-1
	-2,-1
	--
	--
	--
	-2,-2
	--
	--
	1
	--

	Lycopene
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Folate
	1
	1,3
	1
	1
	1
	1
	3
	1
	3
	1
	1

	Vitamin C
	1
	--
	1
	--
	1
	1
	--
	1
	1
	--
	1

	BMI
	1
	1
	3
	1
	1
	1
	1
	1
	1
	1
	1

	Gender
	--
	x
	x
	x
	--
	--
	x
	--
	x
	x
	x

	Age
	1
	1,2
	3
	1
	3
	1
	1
	3
	-1,3
	2,2
	1

	Smoking
	x
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--


FVJ, fruit, vegetable and juice intake; FV, fruit and vegetable intake excluding juices.
* Completed data sets refers to the data after multiple imputation
† x means dichotomous variable is selected; a number means continuous variable is selected with given power(s); -- means the variable is not selected
Online Supplemental Material
‡ The simplest model is preferred when there is no majority
1
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[bookmark: _GoBack]Supplemental Figure A. Dose-response curves between serum carotenoids and the corresponding intake of the carotenoid; between plasma/serum folate and folate intake and plasma vitamin C and vitamin C intake. The curve for zeaxanthin could not be analysed due to a low number of observations. 




Supplemental Figure B. Bland-Altman plots of predicted and observed fruit and vegetable intake with the different model both for intake including and excluding juices.
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		The Gplot Procedure

		Plot of diff1 by aver1



		The Gplot Procedure

		Plot of diff2 by aver2



		The Gplot Procedure

		Plot of diff3 by aver3



		The Gplot Procedure

		Plot of diff4 by aver4
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		Plot of diff5 by aver5



		The Gplot Procedure

		Plot of diff6 by aver6
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