
Appendix 2
Summary of Included Studies 
	DCD vs. DCD+ADHD (n = 37) 

	Author (Year), Design, reference
	
	Participants
	
	Age, years
	
	IQ
	
	DCD assessment
	
	ADHD assessment

	Kadesjö & Gillberg et al. (1998)
Cross-Sectional Study [29]
	
	DCD only 
DAMP
ADHD only 
Normal 
(Sample size not reported) 
	
	7
	
	Not reported

	
	Modified version of the neuro-developmental screening test
	
	DSM-Ⅲ-R 
checklist for ADHD
Short version of the Conners teacher scale

	Pereira et al. (2001)
Cross-Sectional Study [59]
	
	9 DCD
11 DCD+ADHD 
12 TD 
	
	9–10

	
	> 80
	
	Modified version of the neuro-developmental screening test
	
	DSM-Ⅳ parental interview for ADHD 


	Jucaite et al. (2003)
Cross-Sectional Study [57]
	
	12 DCD
13 DCD+ADHD 
11 ADHD
26 TDC (11 YC)
	
	8–11
(YC: 5–7)
	
	 75
	
	MABC
	
	Not reported


	Miyahara et al. (2006)
Cross-Sectional Study [49]
	
	16 DCD-ID
11 DCD+ADHD 
10 ADHD
23 TD
	
	7–13

	
	> 80

	
	MABC-Flower Trails
	
	The shortened form of the ADBS

	Licari et al. (2006)
Cross-Sectional Study [60]
	
	10 DCD
10 DCD+ADHD-C
10 TD 
	
	6–8

	
	Not reported
	
	MAND
	
	Not reported


	Dewey et al. (2007)
Cross-Sectional Study [36]
	
	46 DCD
38 DCD+ADHD 
49 ASD
27 ADHD
78 TD 
	
	5–18

	
	 70

	
	BOTMP
MABC
DCDQ

	
	DISC

	Piek et al. (2007)
Cross-Sectional Study [26]
	
	Twin A
92 DCD
33 DCD+ADHD 
71 ADHD
145 TD 
Twin B
100 DCD
36 DCD+ADHD 
81 ADHD
134 TD 
	
	6–17

	
	 70

	
	DCDQ

	
	SWAN
-

	Crawford et al. (2008)
Cross-Sectional Study [37]
	
	27 DCD
15 DCD+ADHD 
28 DCD+RD
20 DCD+ADHD+RD
63 DCD combined with one or more other disorders
11 ADHD
14 RD
73 TD
	
	8–17

	
	 80
	
	BOTMP
MABC
DCDQ
	
	DISC

	Lewis et al.
(2008)
Cross-Sectional Study [58]
	
	15 DCD
14 DCD+ADHD-C 
14 ADHD-C
15 TD 
	
	8–12

	
	> 80
	
	MABC

	
	A-DISC
CPRS-R (CGI)



	Licari et al. (2008)
Cross-Sectional Study [20]
	
	13 DCD
10 DCD+ADHD 
13 ADHD
15 TD 
	
	6–8

	
	Not reported

	
	MAND

	
	SNAP-IV



	Pearsall-Jones et al. (2008)
Cross-Sectional Study [79]
	
	23 DCD discordant
46 DCD concordant 
18 DCD + ADHD 
16 ADHD discordant
44 ADHD concordant
1546 Unaffected 
	
	Not reported

	
	Not reported


	
	DCDQ
	
	SWAN
-

	Loh et al. (2011)
Cross-Sectional Study [38]
	
	11 DCD
11 DCD+ADHD 
14 ADHD
26 TD

	
	9–13

	
	> 75 (Verbal IQ)

	
	MAND
	
	ADBS


	Baerg et al. (2011)
Cross-Sectional Study [21]
	
	32 DCD
30 DCD+ADHD 
48 TD
	
	12–13

	
	>80
	
	BOTMP-SF MABC-2
	
	[bookmark: _Hlk198050800]CPRS-R


	Williams et al. (2013)
Cross-Sectional Study [22]
	
	10 DCD
16 DCD+ADHD 
14 ADHD
18 TD 
	
	7–12

	
	> 70
	
	MABC-2 

	
	CPRS-3


	McLeod et al. (2014)
Cross-Sectional Study [39]
	
	7 DCD
18 DCD+ADHD 
21 ADHD
23 TD
	
	8–17
	
	107.0 ± 13.0 
104.8 ± 15.8 
105.4 ± 11.8 
113.0 ± 13.4 
	
	MABC-2
DCDQ

	
	DICA
CPRS-R


	Missiuna et al. (2014)
Cross-Sectional Study [23]
	
	68 DCD
31 DCD+ADHD 
54 ADHD
91 TD 
	
	10–14
	
	> 70
	
	MABC
DCDQ
	
	CPRS (80-item)


	Langevin et al. (2015)
Cross-Sectional Study [40]
	
	14 DCD
10 DCD+ADHD 
10 ADHD
14 TD 
	
	8–17

	
	> 80
	
	MABC-2

	
	DICA-Ⅳ
CPRS-R

	Fong et al. (2016)
Cross-Sectional Study [67]
	
	57 DCD
29 DCD+ADHD
99 TD 
	
	6–10

	
	Not reported


	
	BOTMP
MABC
DCDQ

	
	Not reported



	McLeod et al. (2016)
Cross-Sectional Study [41]
	
	6 DCD
14 DCD+ADHD 
19 ADHD
21 TD 
	
	8–17

	
	Not reported

	
	MABC-2
DCDQ

	
	DICA-IV
CPRS-R


	Shaw et al. (2016)
Cross-Sectional Study [24]
	
	22 DCD
41 DCD+ADHD 
42 ADHD
65 TD 
	
	4–16

	
	 80

	
	DCDQ

	
	DICA-Ⅳ

	Thornton et al. (2018)
Cross-Sectional Study [30]
	
	9 DCD
18 DCD+ADHD 
20 ADHD
20 TD
	
	8–17

	
	 80
	
	MABC-2
DCDQ
	
	DICA-IV
CPRS-R


	Dewey et al. (2018)
Cross-Sectional Study [42]
	
	9 DCD
10 DCD+ADHD
9 ADHD
16 TD 

	
	11–18
	
	105.1 ± 9.8 
99.1 ± 16.4 
107.2 ± 6.2
114.0 ± 13.9 
	
	MABC-2
DCDQ

	
	DICA-IV
CPRS-R


	Tal Saban et al. (2019)
Cross-Sectional Study [53]
	
	2 DCD only
45 DCD+ADHD 
21 DCD+ASD
29 DCD+ASD+ADHD
75TD
	
	18–40
	
	Not reported
	
	AAC-Q

	
	ASRS-v.1


	Delgado-Lobete et al. (2020)
Cross-Sectional Study [54]
	
	46 DCD
10 DCD+ADHD 
27 ADHD
369 TD 

	
	6–12

	
	Not reported

	
	DCDQ
	
	ADHD-RS-IV


	Pisella et al. (2020)
Cross-Sectional Study [50]
	
	36 DCD 
11 DCD+ADHD 
13 DCD+SLD 
23 DCD+ language disorder 
14 Multidys (DCD+more than one comorbidity) 
37 SLD 
20 Oral language disorder 
14 ADHD 
14 Children with binocular vision dysfunction but no developmental disorder
	
	4-16
	
	Not reported

	
	Not reported

	
	Not reported


	Meachon et al. (2021)
Cross-Sectional Study [31]
	
	12 DCD
7 DCD+ADHD
9 ADHD
22 TD 
	
	25.5 ± 7.9

	
	Not reported


	
	ADC

	
	ASRS-v.1

	Izadi-Najafab
adi et al. (2022)
Randomized waitlist-controlled trial [70]
	
	37 DCD 
41 DCD+ ADHD 
	
	8–12

	
	Not reported


	
	MABC-2
DCDQ

	
	Not reported



	Melegari et al. (2022)
Cross-Sectional Study [68]
	
	30 DCD
33 DCD+ADHD
33 ADHD
35 TD 

	
	4–12
	
	> 85

	
	MABC

	
	SNAP-IV 26-item scale


	Visser et al. (2022)
Cross-Sectional Study [66]
	
	179 DCD
88 DCD+ADHD 
198 ADHD
2548 TD 
	
	8–10

	
	> 70
	
	DCDQ

	
	DISYPS-II 


	Gustafsson et al. (2023)
Cross-Sectional Study [43]
	
	13 MND
10 MND+ADHD 
18 ADHD
84 TD 

	
	12.0–12.5

	Not reported

	
	Neuromotor test

	
	Not reported


	Meachon et al. (2023)
Cross-Sectional Study [77]
	
	31 DCD
14 DCD+ADHD 
116 ADHD 
	
	35.1 ± 11.3 

	Not reported

	
	ADC
	
	Not reported



	Broletti et al. (2024)
Cross-Sectional Study [27]
	
	66 DCD
23 DCD+ADHD 
50 ADHD
	
	18–70

	
	Not reported
	
	ADC

	
	ASRS screener


	Meachon et al. (2024)
Cross-Sectional Study [71]
	
	12 DCD
8 DCD+ADHD
9 ADHD
17 TD 
	
	19–53

	
	Not reported


	
	MABC-2
ADC

	
	ASRS-v.1


	Cai et al. (2025)
Single-Arm Interventional Study [74]
	
	34 DCD
33 ADHD+DCD
37 ADHD
35 TD
	
	6.88 ± 0.69
6.63 ± 0.82
6.97 ± 0.73
6.86 ± 0.68
	
	 70

	
	MABC-2
DCDQ
	
	CPRS
VADPRS

	Fortnum et al. (2025)
Cross-Sectional Study [28]
	
	52 pDCD
101 DCDr
20 pDCD+ADHD
24 DCDr+ADHD
33 ADHD
293 TD 
	
	6–9
	
	Not reported
	
	MABC-2
	
	CPRS-3

	Kumar et al. (2025)
Cross-Sectional Study [25]
	
	16 DCD
26 ADHD+DCD
28 ADHD
60 Controls
	
	5–14
	
	104.88 ± 16.07
100.23 ± 13.28
108.93 ± 17.93
106.38 ± 14.06
	
	BOT-2 SF
DCDQ
	
	CPRS-3SF
ADHD-RS-IV

	Verbecque et al. (2025)
Cross-Sectional Study [69]
	
	12 ADHD+DCD
40 Autism+DCD
25 DCD
17 Autism-only
17 Autism+ID
14 ADHD-only
	
	3–13
	
	> 70

	
	MABC-2　
DCDQ
	
	DAWBA

	DCD vs. DCD+ASD (n = 8)

	Author (Year), Design
	
	Participants
	
	Age (years)
	
	IQ
	
	DCD assessment
	
	ASD assessment

	Caeyenberghs et al. (2016)
Cross-Sectional Study [44]
	
	11 DCD
8 DCD+ASD
15 ASD
19 TD 

	
	8–12

	
	> 75

	
	MABC-2

	
	SRS


	Allen et al. (2017)
Cross-Sectional Study [55]
	
	51 DCD only
42 DCD plus ASD

	
	5–12

	
	Not reported


	
	MABC-2

	
	Not reported



	Cheng et al. (2018)
Cross-Sectional Study [63]
	
	62 DCD-ASD
58DCD+ASD
100 TD 

	
	6–9

	
	Normal IQ

	
	MABC
DCDQ

	
	Not reported



	Hannant et al. (2018)
Cross-Sectional Study [72]
	
	26 DCD
9 DCD+ASC
42 ASC 

	
	11.1 ± 3.1
12.3 ± 2.4 
12.2 ± 3.4
	
	Not reported


	
	DCDQ

	
	AQ


	Tal Saban et al. (2019)
Cross-Sectional Study [53]
	
	2 DCD only
45 DCD+ADHD 
21 DCD+ASD
29 DCD+ASD+ADHD
75TD
	
	18–40
	
	Not reported
	
	AAC-Q

	
	AQ-Short


	De Roubaix et al. (2024)
Cross-Sectional Study [75]
	
	67 noASD
13 cASD
22 sASD 
	
	5–15.5

	
	 70


	
	DCDQ


	
	Not reported



	De Roubaix et al. (2025)
Cross-Sectional Study [73]
	
	24 DCD
10 DCD+ASD
14 TD
	
	6–12
	
	Reported but　incomplete
	
	MABC-2
DCDQ
	
	SRS-2

	Verbecque et al. (2025)
Cross-Sectional Study [69]
	
	12 ADHD+DCD
40 Autism+DCD
25 DCD
17 Autism-only
17 Autism+ID
14 ADHD-only
	
	3–13
	
	> 70

	
	MABC-2　
DCDQ
	
	ADOS-2

	DCD vs. DCD+SLD (n = 20)

	Author (Year), Design
	
	Participants
	
	Age (years)
	
	IQ
	
	DCD assessment
	
	LD assessment

	Jongmans et al. (2003)
Cross-Sectional Study [76]
	
	57 DCD only
53 DCD+LD
94 LD only
545 No DCD/no
 LD
	
	4–13
	
	Not reported
	
	MABC
	
	Not reported

	Ho et al. (2005)
Cross-Sectional Study [32]
	
	11DCD only 
12 DCD+dyslexia 
20 Dyslexia only
13 ADHD only 
16 Dyslexia+
ADHD 
	
	Not separately reported for subgroup analyses
	
	 85
	
	MABC
BOT
	
	HKT-SpLD

	Brookes et al. (2007)
Cross-Sectional Study [62]
	
	8 DCD
6 DCD+LD
14 Dyslexia
12 Controls

	
	12.5 ± 2.8
13.9 ± 0.9
13.5 ± 1.4 
13.6 ± 1.8 
	
	109 ± 16.1
97.4 ± 2.6
105 ± 11.1 
115 ± 16.0
	
	MABC
	
	WORD (reading scale)

	Crawford et al. (2008)
Cross-Sectional Study [37]
	
	27 DCD
15 DCD+ADHD 
28 DCD+RD
20 DCD+ADHD+RD
63 DCD combined with one or more other disorders
11 ADHD
14 RD
73 TD
	
	8–17

	
	 80
	
	BOTMP
MABC
DCDQ
	
	WJ-R
WRAT-R

	Biotteau et al. (2015)
Cross-Sectional Study [45]
	
	19 DCD only 
22 DD+DCD 
18 DD only 

	
	9.7 ± 1.3
9.8 ± 1.1
10.2 ± 1.2
	
	103.3 ± 15.0
99.9 ± 16.1
108.0 ± 14.7

	
	MABC
	
	ODEDYS-2
Alouette French reading test

	Bellocchi et al. (2017)
Cross-Sectional Study [51]
	
	11 DCD 
12 DD+DCD 
24 DD  

	
	116.6 ± 14.8
118.1 ± 14.2
121.9 ± 13.9
(mean age in months)
	
	> 85

	
	MABC
	
	Alouette Test-R

	Biotteau et al. (2017a)
Cross-Sectional Study [46]
	
	16 DCD only 
16 DD+DCD 
16 DD only 
	
	9.6 ± 1.7
9.9 ± 1.1
10.3 ± 1.3
	
	103.9 ± 13.1
99.6 ± 18.7
110.3 ± 14.0
	
	MABC
	
	ODEDYS-2
Alouette test

	Biotteau et al. (2017b)
Cross-Sectional Study [35]
	
	22 DCD  
23 DD+DCD 
20 DD  

	
	9.7 ± 1.6
9.9 ± 1.2
10.2 ± 1.3
	
	100.2 ± 16.6
98.7 ± 16.9
107.4 ± 14.0
	
	MABC
	
	ODEDYS-2
Alouette test

	Cignetti et al. (2018)
Cross-Sectional Study [61]
	
	11 DCD  
15 DD-DCD 
14 DD
18 TD  

	
	10.1 ± 1.47
9.9 ± 1.5
10.0 ± 1.3
10.06 ± 0.98
	
	> 70
or WISC-IV (Similarities, Picture concepts,
> 7) 
	
	MABC
	
	ODEDYS-2
Alouette test

	Sumner et al. (2019)
Cross-Sectional Study [78]
	
	50 DCD 
62 DCD+Dyslexia 
163 Dyslexia
92 Non-SpLD 
	
	University
Not reported

	
	Not reported

	
	Not reported

	
	Not reported


	Cignetti et al. (2020)
Cross-Sectional Study [80]
	
	20 DCD 
29 DD+DCD (COM) 
45 DD
42 TD
	
	9.96 ± 1.23
10.19 ± 1.31
10.22 ± 1.09
10.10 ± 1.16
	
	> 70
or WISC-IV (Similarities, Picture concepts, > 7)
	
	MABC
	
	ODEDYS
Alouette test

	Downing et al. (2020)
Cross-Sectional Study [33]
	
	24 MD 
17 LD+MD 
27 LD
85 LD
	
	118.5 ± 10.4
118.4 ± 13.2
118.3 ± 10.5
118.4 ± 10.9
(mean age in months)
	
	Not reported

	
	Beery VMI-Motor Coordination
MABC (Lace Threading, one Board Balance
	
	WRAT-IV (Single Word Reading subtest)
MABEL (1 Minute Word Reading Test, 1 Minute Pseudoword Reading Test)

	Maziero et al. (2020)
Cross-Sectional Study [47]
	
	22 DCD 
27 DD-DCD 
47 DD
42 TD
	
	7–12
	
	WISC-IV (Similarities, Picture concepts,
> 7)
	
	MABC
	
	ODEDYS
Alouette test-R

	Pisella et al. (2020)
Cross-Sectional Study [50]
	
	36 DCD 
11 DCD+ADHD 
13 DCD+SLD 
23 DCD+ language disorder 
14 Multidys (DCD+more than one comorbidity) 
37 SLD 
20 Oral language disorder 
14 ADHD 
14 Children with binocular vision dysfunction but no developmental disorder
	
	4–16
	
	Not reported

	
	Not reported

	
	Not reported


	Bellocchi et al. (2021a)
Cross-Sectional Study [56]
	
	20 DCD
27 DCD+DD
47 DD
42 TD
	
	9.8 ± 1.3
10.1 ± 1.3
10.1 ± 1.1
10.0 ± 1.1
	
	> 70
or WISC-IV (Similarities, Picture concepts,
> 7)
	
	MABC
	
	ODEDYS
Alouette test

	Bellocchi et al. (2021b)
Cross-Sectional Study [52]
	
	15 DCD
12 DD+DCD
24 DD
	
	128.91 ± 14.37
126.77 ± 11.55
126.95 ± 15.17
	
	> 85

	
	MABC
	
	Alouette Test-R

	Waber et al. (2021)
Cross-Sectional Study [34]
	
	14 Dyspraxia
30 Both (Dyspraxia+  Dyslexia)
114 Dyslexia
	
	7–15
	
	> 70

	
	Not reported

	
	Not reported


	Nemmi et al. (2023)
Cross-Sectional Study [64]
	
	20 DCD
29 COM (DCD+DD)
45 DD
42 TD
	
	9.96 ± 1.23
10.19 ± 1.31
10.22 ± 1.09
10.10 ± 1.16
	
	> 70
or WISC-IV (Similarities, Picture concepts,
> 7)
	
	MABC
	
	ODEDYS
Alouette test

	Danna et al. (2024)
Cross-Sectional Study [48]
	
	16 DCD
19 DCD-RD
23 RD
21 TD
	
	10 ± 1.3
9.8 ± 1.3
10.1 ± 1.2
10 ± 0.9
	
	> 70
or WISC-IV (Similarities, Picture concepts,
> 7)
	
	MABC
	
	ODEDYS
Alouette test

	Joly et al. (2024)
Cross-Sectional Study [65]
	
	13 DCD
16 RD+DCD
19 RD
20 CTL
	
	10.14 ± 1.14
9.44 ± 1.31
9.98 ± 1.28
9.99 ± 0.97
	
	Not reported

	
	MABC
	
	ODEDYS
Alouette test

	Comparisons between coexisting groups (n = 3): 
DCD+ADHD vs. DCD+ASD (n = 1)
DCD+ADHD vs. DCD+ASD vs. DCD+ADHD+ASD (n = 1)
DCD+ADHD vs. DCD+ADHD+RD (n = 1)

	Author (Year), Design
	
	Participants
	Age (years)
	IQ
	
	DCD
assessment
	
	ADHD
assessment
	
	ASD
assessment
	
	SLD
assessment

	Verbecque et al. (2025)
Cross-Sectional Study [69]
	
	12 ADHD+DCD
40 Autism+DCD
25 DCD
17 Autism-only
17 Autism+ID
14 ADHD-only
	3–13
	> 70

	
	MABC-2　
DCDQ
	
	DAWBA
	
	ADOS-2
	
	-

	Tal Saban et al. (2019)
Cross-Sectional Study [53]
	
	42 DCD only
45 DCD+ADHD 
21 DCD+ASD
29 DCD+ASD+ADHD
75TD
	18–40
	Not reported
	
	AAC-Q

	
	ASRS-v.1

	
	AQ-Short

	
	-

	Crawford et al. (2008)
Cross-Sectional Study [37]
	
	27 DCD
15 DCD+ADHD 
28 DCD+RD
20 DCD+ADHD+RD
63 DCD combined with one or more other disorders
11 ADHD
14 RD
73 TD
	8–17

	 80
	
	BOTMP
MABC
DCDQ
	
	DISC

	
	-
	
	WJ-R
WRAT-R


Note. DCD = developmental coordination disorder; ADHD = attention deficit hyperactivity disorder; n = number of studies reporting; IQ = intelligence quotient; DAMP = deficits in attention, motor control and perception; DSM-Ⅲ-R = Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised; DSM-Ⅳ = Diagnostic and Statistical Manual of Mental Disorders, Forths Edition; TD = typical controls; TDC = typically developing controls; YC = young controls; MABC = Movement Assessment Battery; DCD-ID = developmental coordination disorder and inaccurate drawing; ADBS = Australian Twin, Behaviour Rating Scale; YC = young control; ADHD-C = attention deficit hyperactivity disorder-combined type; MAND = McCarron Assessment of Neuromuscular Development; ASD = autism spectrum disorder; BOTMP = Bruininks–Oseretsky Test of Motor Proficiency; DCDQ = Developmental Coordination Disorder Questionnaire; DISC = Diagnostic Interview Schedule for Children; SWAN = Strengths and Weaknesses of Attention Deficit/Hyperactivity symptoms and Normal behaviors; RD = reading disabilities; A-DISC = Anxiety Disorders Interview Schedule for Children; CPRS-R = Conners’ Parent Rating Scale-Revised; CGI = Conners' Global Index; SNAP-IV = Swanson, Nolan, and Pelham Questionnaire Version IV; BOTMP-SF = Bruininks–Oseretsky Test of Motor Proficiency-Short Form; MABC-2 = Movement Assessment Battery-Second Edition; CPRS-3 = Conners’ Parent Rating Scale-Third Edition; DICA = Diagnostic Interview for Children and Adolescents; CPRS = Conners’ Parent Rating Scale; DICA-Ⅳ = Diagnostic Interview for Children and Adolescents version Ⅳ; ADHD-RS-IV = attention deficit hyperactivity disorder rating scale IV; ADC = Adult Developmental Coordination Disorders/Dyspraxia Checklist; ASRS-v.1 = Adult ADHD Self-Report Scale-version1; DISYPS-II = Diagnostic System for Mental Disorders in Childhood and Adolescence-Ⅱ; MND = minor neurological deficits; ASRS = Adult Attention Deficit Hyperactivity Disorder Self-Report Scale; VADPRS = Vanderbilt ADHD Diagnostic Parent Rating Scale; BOT-2 SF = Bruininks–Oseretsky Test of Motor Proficiency-Second Edition-Short Form; CPRS-3SF = Conners’ Parent Rating Scale-Third Edition Short Form; ID = intellectual disability; DAWBA = Development and Well-Being Assessment; ASD = autism spectrum disorder; SRS = Social Responsiveness Scale; DCD-ASD = developmental coordination disorder without autism spectrum disorder; ASC = autism spectrum conditions; AQ = autism spectrum quotient; AAC-Q = Adolescents and Adults Coordination Questionnaire; AQ-Short = Autism Spectrum Quotient-Short version; noASD = no diagnosis of autism spectrum disorder; cASD = confirmed diagnosis of autism spectrum disorder; sASD = suspected autism spectrum disorder; SRS-2 = Social Responsiveness Scale second edition; ADOS-2 = Autism Diagnostic Observation Schedule-Second Edition; SLD = specific learning disorder; LD = learning disorder; HKT-SpLD = Hong Kong Test of Specific learning Difficulties in Reading and Writing; WJ-R = Woodcock Johnson test-revised; WRAT-R = Wide Range Achievement Test-Revised; DD = developmental dyslexia; SpLD = specific learning difficulty; VMI = visual motor integration; WRAT-Ⅳ = Wide Range Achievement Test-IV; MABEL = Multilanguage Assessment Battery of Early Literacy; COM = DD and DCD comorbidity; CTL = control group
