
Overall

Retrograde Amnesia

Posttraumatic Amnesia

Nance, 2016 (< 3 days)65

Grubenhoff, 2011 (1 day)64

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Subtotal

Subtotal

Feeling Slow

Collins (Standard Helmet), 2006 (Within 72 hours)63

Nance, 2016 (< 3 days)65

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Collins (Standard Helmet), 2006 (Within 72 hours)63

Nance, 2016 (< 3 days)65

Remembering

Schatz, 2006 (Within 72 hours)66

Subtotal

Subtotal

Study (Time since Concussion)

Concentration

Sroufe, 2010 (Within 24 hours)67

0.32 (0.21, 0.43)

0.56 (0.40, 0.72)
0.38 (0.30, 0.45)

0.29 (0.18, 0.42)

0.27 (0.20, 0.34)

0.14 (0.08, 0.21)

0.26 (0.16, 0.37)

0.56 (0.40, 0.72)

0.27 (0.17, 0.40)

0.26 (0.16, 0.37)

0.49 (0.32, 0.65)
0.03 (0.00, 0.10)

0.41 (0.34, 0.48)

0.27 (0.20, 0.35)

ES (95% CI)

0.29 (0.13, 0.49)

22/39
62/165

18/62

19/74

22/39

17/62

19/74

Concussion:

19/39
2/72

Positive/N

8/28

0.32 (0.21, 0.43)

0.56 (0.40, 0.72)
0.38 (0.30, 0.45)

0.29 (0.18, 0.42)

0.27 (0.20, 0.34)

0.14 (0.08, 0.21)

0.26 (0.16, 0.37)

0.56 (0.40, 0.72)

0.27 (0.17, 0.40)

0.26 (0.16, 0.37)

0.49 (0.32, 0.65)
0.03 (0.00, 0.10)

0.41 (0.34, 0.48)

0.27 (0.20, 0.35)

ES (95% CI)

0.29 (0.13, 0.49)

22/39
62/165

18/62

19/74

22/39

17/62

19/74

Concussion:

19/39
2/72

Positive/N

8/28
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Prevalence

Prevalence (Cognitive) in Pediatric Concussion Patients
Supplemental Digital Content. Appendix.



Overall

Guskiewicz, 2001 (Time of Injury)68

Guskiewicz, 2001 (1 day)68

Subtotal
Guskiewicz, 2001 (3 days)68

McCrea, 2005 (2 days)70

McCrea, 2005 (2 days)70

Anterograde Amnesia

Subtotal

Study (Time since Concussion)

McCrea, 2005 (3 days)70

McCrea, 2005 (Postgame/Practice)70

Concentration

Retrograde Amnesia

Guskiewicz, 2001 (Time of Injury)68

Subtotal

Feeling Slow

McCrea, 2005 (Time of Injury)70

Ponsford, 2011 (2 days)71

Guskiewicz, 2001 (1 day)68

Cognitive Problems

Guskiewicz, 2001 (3 days)68

Ponsford, 2011 (2 days)71
Remembering

McCrea, 2005 (1 day)70

Stone, 2015 (≤ 3 days)72

Ponsford, 2011 (2 days)71

Subtotal

0.40 (0.25, 0.55)

0.19 (0.08, 0.36)
0.03 (0.00, 0.15)

0.15 (0.04, 0.32)
0.06 (0.01, 0.19)

0.56 (0.46, 0.67)

0.51 (0.41, 0.62)

0.07 (0.00, 0.19)

ES (95% CI)

0.38 (0.28, 0.49)

0.86 (0.78, 0.92)

0.31 (0.16, 0.48)

0.34 (0.28, 0.41)

0.95 (0.88, 0.98)

0.48 (0.39, 0.57)

0.14 (0.05, 0.29)

0.03 (0.00, 0.15)

0.46 (0.37, 0.56)

0.69 (0.59, 0.78)

0.17 (0.09, 0.26)

0.67 (0.58, 0.76)

0.68 (0.48, 0.85)

7/36
1/36

2/36

53/94

48/94

Positive/N

36/94

81/94

11/36

89/94

59/123

5/36

1/36

57/123

65/94

14/84

83/123

Concussion:

0.40 (0.25, 0.55)

0.19 (0.08, 0.36)
0.03 (0.00, 0.15)

0.15 (0.04, 0.32)
0.06 (0.01, 0.19)

0.56 (0.46, 0.67)

0.51 (0.41, 0.62)

0.07 (0.00, 0.19)

ES (95% CI)

0.38 (0.28, 0.49)

0.86 (0.78, 0.92)

0.31 (0.16, 0.48)

0.34 (0.28, 0.41)

0.95 (0.88, 0.98)

0.48 (0.39, 0.57)

0.14 (0.05, 0.29)

0.03 (0.00, 0.15)

0.46 (0.37, 0.56)

0.69 (0.59, 0.78)

0.17 (0.09, 0.26)

0.67 (0.58, 0.76)

0.68 (0.48, 0.85)

7/36
1/36

2/36

53/94

48/94

Positive/N

36/94

81/94

11/36

89/94

59/123

5/36

1/36

57/123

65/94

14/84

83/123

Concussion:
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Prevalence (Cognitive) in Adult Concussion Patients



Overall

Subtotal

Sroufe, 2010 (Within 24 hours)67

Double Vision

Subtotal

Nance, 2016 (< 3 days)65

Sensitivity to Light

Grubenhoff, 2011 (1 day)64

Visual Problems

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Collins (Standard Helmet), 2006 (Within 72 hours)63

Visual Changes

Blurred Vision

Sroufe, 2010 (Within 24 hours)67

Nance, 2016 (< 3 days)65

Study (Time since Concussion)

Subtotal

Grubenhoff, 2011 (1 day)64

0.34 (0.27, 0.41)

0.31 (0.25, 0.38)

0.14 (0.04, 0.33)

0.39 (0.31, 0.47)

0.49 (0.32, 0.65)

0.33 (0.26, 0.40)

0.39 (0.27, 0.52)

0.39 (0.28, 0.51)

0.25 (0.11, 0.45)

0.46 (0.30, 0.63)

ES (95% CI)

0.35 (0.29, 0.42)

0.27 (0.21, 0.35)

4/28

19/39

54/165

24/62

29/74

7/28

18/39

Positive/N

Concussion:

45/165

0.34 (0.27, 0.41)

0.31 (0.25, 0.38)

0.14 (0.04, 0.33)

0.39 (0.31, 0.47)

0.49 (0.32, 0.65)

0.33 (0.26, 0.40)

0.39 (0.27, 0.52)

0.39 (0.28, 0.51)

0.25 (0.11, 0.45)

0.46 (0.30, 0.63)

ES (95% CI)

0.35 (0.29, 0.42)

0.27 (0.21, 0.35)

4/28

19/39

54/165

24/62

29/74

7/28

18/39

Positive/N

Concussion:

45/165
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Prevalence (Ocular-Motor) in Pediatric Concussion Patients



Overall

Study (Time since Concussion)

Guskiewicz, 2001 (3 days)68

Visual Problems

Subtotal

Guskiewicz, 2001 (1 day)68

Ponsford, 2011 (2 days)71

Stone, 2015 (≤ 3 days)72

Blurred Vision

Sensitivity to Light

Subtotal

Guskiewicz, 2001 (Time of Injury)68

Ponsford, 2011 (2 days)71

0.34 (0.18, 0.53)

ES (95% CI)

0.11 (0.03, 0.26)

0.29 (0.03, 0.66)

0.17 (0.06, 0.33)

0.40 (0.31, 0.49)

0.18 (0.10, 0.28)

0.42 (0.35, 0.49)

0.67 (0.49, 0.81)

0.60 (0.51, 0.69)

Positive/N

4/36

6/36

49/123

15/84

24/36

74/123

Concussion:

0.34 (0.18, 0.53)

ES (95% CI)

0.11 (0.03, 0.26)

0.29 (0.03, 0.66)

0.17 (0.06, 0.33)

0.40 (0.31, 0.49)

0.18 (0.10, 0.28)

0.42 (0.35, 0.49)

0.67 (0.49, 0.81)

0.60 (0.51, 0.69)

Positive/N

4/36

6/36

49/123

15/84

24/36

74/123

Concussion:
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Prevalence (Ocular-Motor) in Adult Concussion Patients



Overall

Nance, 2016 (< 3 days)65

Nausea

Grubenhoff, 2011 (1 day)64

Grubenhoff, 2011 (1 day)64

Nance, 2016 (< 3 days)65

Grubenhoff, 2011 (1 day)64

Sensitivity to Light

Nance, 2016 (< 3 days)65

Subtotal

Nance, 2016 (< 3 days)65

Collins (Standard Helmet), 2006 (Within 72 hours)63

Nance, 2016 (< 3 days)65

Sroufe, 2010 (Within 24 hours)67

Subtotal

Headache

Subtotal

Sensitivity to Noise

Nausea/Vomiting

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Subtotal

Subtotal

Grubenhoff, 2011 (1 day)64

Sensitivity to Light or Sound

Grubenhoff, 2011 (1 day)64

Vomiting

Subtotal

Study (Time since Concussion)

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Collins (Standard Helmet), 2006 (Within 72 hours)63

0.52 (0.37, 0.67)

0.95 (0.83, 0.99)

0.19 (0.14, 0.26)

0.46 (0.38, 0.54)

0.08 (0.02, 0.21)

0.27 (0.20, 0.34)
0.41 (0.26, 0.58)
0.29 (0.23, 0.36)

0.46 (0.30, 0.63)

0.95 (0.87, 0.99)

0.49 (0.32, 0.65)

0.68 (0.48, 0.84)

0.46 (0.39, 0.53)

0.17 (0.12, 0.22)

0.44 (0.31, 0.57)

0.44 (0.36, 0.53)

0.89 (0.77, 0.97)

0.27 (0.21, 0.35)

0.75 (0.67, 0.81)

0.31 (0.25, 0.38)

ES (95% CI)

0.90 (0.80, 0.96)

0.45 (0.33, 0.57)

37/39

32/165

76/165

3/39

44/165
16/39

18/39

70/74

19/39

19/28

27/62

45/165

123/165

Positive/N

56/62

33/74

Concussion:

0.52 (0.37, 0.67)

0.95 (0.83, 0.99)

0.19 (0.14, 0.26)

0.46 (0.38, 0.54)

0.08 (0.02, 0.21)

0.27 (0.20, 0.34)
0.41 (0.26, 0.58)
0.29 (0.23, 0.36)

0.46 (0.30, 0.63)

0.95 (0.87, 0.99)

0.49 (0.32, 0.65)

0.68 (0.48, 0.84)

0.46 (0.39, 0.53)

0.17 (0.12, 0.22)

0.44 (0.31, 0.57)

0.44 (0.36, 0.53)

0.89 (0.77, 0.97)

0.27 (0.21, 0.35)

0.75 (0.67, 0.81)

0.31 (0.25, 0.38)

ES (95% CI)

0.90 (0.80, 0.96)

0.45 (0.33, 0.57)

37/39

32/165

76/165

3/39

44/165
16/39

18/39

70/74

19/39

19/28

27/62

45/165

123/165

Positive/N

56/62

33/74

Concussion:
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Prevalence (Headache/Migraine) in Pediatric Concussion Patients



Overall

Guskiewicz, 2001 (1 day)68

Sensitivity to Noise

Guskiewicz, 2001 (1 day)68

Ponsford, 2011 (2 days)71

Subtotal

Sensitivity to Light

Guskiewicz, 2001 (Time of Injury)68

Ponsford, 2011 (2 days)71
Nausea

Headache

Guskiewicz, 2001 (Time of Injury)68

Nausea/Vomiting

Guskiewicz, 2001 (3 days)68

Ponsford, 2011 (2 days)71

Vomiting

Stone, 2015 (≤ 3 days)72

Subtotal

Neck Pain

Ponsford, 2011 (2 days)71

Subtotal

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (3 days)68

Guskiewicz, 2001 (Time of Injury)68

Stone, 2015 (≤ 3 days)72

Ponsford, 2011 (2 days)71

Study (Time since Concussion)

Guskiewicz, 2001 (3 days)68

0.38 (0.26, 0.52)

0.06 (0.01, 0.19)

0.33 (0.19, 0.51)

0.19 (0.12, 0.27)

0.71 (0.54, 0.86)

0.92 (0.78, 0.98)

0.46 (0.37, 0.55)

0.31 (0.16, 0.48)

0.19 (0.08, 0.36)

0.79 (0.71, 0.86)

0.25 (0.16, 0.36)

0.28 (0.19, 0.37)

0.19 (0.12, 0.27)

0.17 (0.05, 0.34)

0.81 (0.64, 0.92)

0.06 (0.01, 0.19)

0.39 (0.23, 0.57)

0.56 (0.45, 0.67)

0.40 (0.31, 0.49)

ES (95% CI)

0.42 (0.26, 0.59)

2/36

12/36

23/123

33/36

56/123

11/36

7/36

97/123

21/84

23/123

29/36

2/36

14/36

47/84

49/123

Positive/N

15/36

Concussion:

0.38 (0.26, 0.52)

0.06 (0.01, 0.19)

0.33 (0.19, 0.51)

0.19 (0.12, 0.27)

0.71 (0.54, 0.86)

0.92 (0.78, 0.98)

0.46 (0.37, 0.55)

0.31 (0.16, 0.48)

0.19 (0.08, 0.36)

0.79 (0.71, 0.86)

0.25 (0.16, 0.36)

0.28 (0.19, 0.37)

0.19 (0.12, 0.27)

0.17 (0.05, 0.34)

0.81 (0.64, 0.92)

0.06 (0.01, 0.19)

0.39 (0.23, 0.57)

0.56 (0.45, 0.67)

0.40 (0.31, 0.49)

ES (95% CI)

0.42 (0.26, 0.59)

2/36

12/36

23/123

33/36

56/123

11/36

7/36

97/123

21/84

23/123

29/36

2/36

14/36

47/84

49/123

Positive/N

15/36

Concussion:
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Prevalence (Headache/Migraine) in Adult Concussion Patients



Overall

Confusion/Disorientation

Subtotal

Dizziness

Abnormal Coordination

Nance, 2016 (< 3 days)65

Sroufe, 2010 (Within 24 hours)67

Study (Time since Concussion)

Subtotal

Nance, 2016 (< 3 days)65

Vomiting

Sroufe, 2010 (Within 24 hours)67

Grubenhoff, 2011 (1 day)64

Grubenhoff, 2011 (1 day)64

Balance Problem

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Tinnitus

Grubenhoff, 2011 (1 day)64
Collins (Standard Helmet), 2006 (Within 72 hours)63

Fogginess

Sroufe, 2010 (Within 24 hours)67

Grubenhoff, 2011 (1 day)64

Collins (Standard Helmet), 2006 (Within 72 hours)63

Subtotal

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Disorientation

Subtotal

Grubenhoff, 2011 (1 day)64

Sroufe, 2010 (Within 24 hours)67

Grubenhoff, 2011 (1 day)64

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Nausea

Collins (Standard Helmet), 2006 (Within 72 hours)63

Subtotal

Nausea/Vomiting

Subtotal

Nance, 2016 (< 3 days)65

Nance, 2016 (< 3 days)65

Nance, 2016 (< 3 days)65

0.50 (0.40, 0.60)

0.73 (0.62, 0.82)

0.51 (0.35, 0.68)

0.68 (0.48, 0.84)

ES (95% CI)

0.53 (0.47, 0.60)

0.64 (0.47, 0.79)

0.14 (0.04, 0.33)

0.54 (0.46, 0.62)

0.15 (0.10, 0.21)

0.77 (0.65, 0.87)

0.58 (0.50, 0.66)
0.77 (0.66, 0.86)

0.82 (0.63, 0.94)

0.46 (0.38, 0.54)

0.72 (0.60, 0.81)
0.68 (0.60, 0.76)

0.65 (0.51, 0.76)

0.17 (0.12, 0.22)

0.39 (0.32, 0.47)

0.32 (0.16, 0.52)

0.19 (0.14, 0.26)

0.47 (0.34, 0.60)
0.54 (0.42, 0.66)

0.46 (0.39, 0.53)

0.50 (0.39, 0.60)

0.46 (0.30, 0.63)

0.08 (0.02, 0.21)

0.72 (0.55, 0.85)

20/39

19/28

Positive/N

25/39

Concussion:

4/28

89/165

24/165

48/62

96/165
57/74

23/28

76/165

53/74
40/62

65/165

9/28

32/165

29/62
40/74

18/39

3/39

28/39

0.50 (0.40, 0.60)

0.73 (0.62, 0.82)

0.51 (0.35, 0.68)

0.68 (0.48, 0.84)

ES (95% CI)

0.53 (0.47, 0.60)

0.64 (0.47, 0.79)

0.14 (0.04, 0.33)

0.54 (0.46, 0.62)

0.15 (0.10, 0.21)

0.77 (0.65, 0.87)

0.58 (0.50, 0.66)
0.77 (0.66, 0.86)

0.82 (0.63, 0.94)

0.46 (0.38, 0.54)

0.72 (0.60, 0.81)
0.68 (0.60, 0.76)

0.65 (0.51, 0.76)

0.17 (0.12, 0.22)

0.39 (0.32, 0.47)

0.32 (0.16, 0.52)

0.19 (0.14, 0.26)

0.47 (0.34, 0.60)
0.54 (0.42, 0.66)

0.46 (0.39, 0.53)

0.50 (0.39, 0.60)

0.46 (0.30, 0.63)

0.08 (0.02, 0.21)

0.72 (0.55, 0.85)

20/39

19/28

Positive/N

25/39

Concussion:

4/28

89/165

24/165

48/62

96/165
57/74

23/28

76/165

53/74
40/62

65/165

9/28

32/165

29/62
40/74

18/39

3/39

28/39
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Prevalence (Vestibular) in Pediatric Concussion Patients



Overall

Study (Time since Concussion)

Nausea/Vomiting

Guskiewicz, 2001 (1 day)68

Subtotal

Ponsford, 2011 (2 days)71

McCrea, 2005 (Immediately Post Injury)70

Guskiewicz, 2001 (3 days)68

Guskiewicz, 2001 (1 day)68

Subtotal

Balance Problem

Dizziness

Tinnitus
Stone, 2015 (≤ 3 days)72

McCrea, 2005 (1 day)70

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (Time of Injury)68

Subtotal

Ponsford, 2011 (2 days)71

Ponsford, 2011 (2 days)71

Subtotal

Ponsford, 2011 (2 days)71

Guskiewicz, 2001 (1 day)68

McCrea, 2005 (3 days)70

McCrea, 2005 (2-3 hours)70

Stone, 2015 (≤ 3 days)72

Guskiewicz, 2001 (Time of Injury)68

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (Time of Injury)68
Disequilibrium

Subtotal

Ponsford, 2011 (2 days)71

Fogginess

Stone, 2015 (≤ 3 days)72

Guskiewicz, 2001 (3 days)68

Disorientation

Stone, 2015 (≤ 3 days)72

Guskiewicz, 2001 (Time of Injury)68

Guskiewicz, 2001 (3 days)68

Nausea

Guskiewicz, 2001 (3 days)68

Vomiting

0.25 (0.18, 0.33)

ES (95% CI)

0.06 (0.01, 0.19)

0.37 (0.14, 0.65)

0.60 (0.51, 0.69)

0.36 (0.27, 0.47)

0.06 (0.01, 0.19)

0.06 (0.01, 0.19)

0.14 (0.00, 0.59)

0.13 (0.07, 0.22)

0.17 (0.10, 0.26)
0.26 (0.17, 0.36)

0.72 (0.55, 0.86)

0.27 (0.20, 0.35)

0.68 (0.59, 0.76)

0.19 (0.12, 0.27)

0.17 (0.05, 0.34)

0.46 (0.37, 0.55)

0.08 (0.02, 0.22)

0.17 (0.10, 0.26)

0.32 (0.23, 0.42)

0.29 (0.19, 0.39)

0.58 (0.41, 0.74)

0.17 (0.06, 0.33)

0.44 (0.28, 0.62)

0.12 (0.00, 0.46)

0.44 (0.35, 0.53)
0.20 (0.12, 0.30)

0.08 (0.02, 0.22)

0.25 (0.16, 0.36)

0.39 (0.23, 0.57)

0.00 (0.00, 0.10)

0.00 (0.00, 0.10)

Positive/N

2/36

74/123

34/94

2/36

2/36

11/84

16/94
24/94

26/36

84/123

23/123

56/123

3/36

16/94

30/94

24/84

21/36

6/36

16/36

54/123
17/84

3/36

21/84

14/36

0/36

0/36

Concussion:

0.25 (0.18, 0.33)

ES (95% CI)

0.06 (0.01, 0.19)

0.37 (0.14, 0.65)

0.60 (0.51, 0.69)

0.36 (0.27, 0.47)

0.06 (0.01, 0.19)

0.06 (0.01, 0.19)

0.14 (0.00, 0.59)

0.13 (0.07, 0.22)

0.17 (0.10, 0.26)
0.26 (0.17, 0.36)

0.72 (0.55, 0.86)

0.27 (0.20, 0.35)

0.68 (0.59, 0.76)

0.19 (0.12, 0.27)

0.17 (0.05, 0.34)

0.46 (0.37, 0.55)

0.08 (0.02, 0.22)

0.17 (0.10, 0.26)

0.32 (0.23, 0.42)

0.29 (0.19, 0.39)

0.58 (0.41, 0.74)

0.17 (0.06, 0.33)

0.44 (0.28, 0.62)

0.12 (0.00, 0.46)

0.44 (0.35, 0.53)
0.20 (0.12, 0.30)

0.08 (0.02, 0.22)

0.25 (0.16, 0.36)

0.39 (0.23, 0.57)

0.00 (0.00, 0.10)

0.00 (0.00, 0.10)

Positive/N

2/36

74/123

34/94

2/36

2/36

11/84

16/94
24/94

26/36

84/123

23/123

56/123

3/36

16/94

30/94

24/84

21/36

6/36

16/36

54/123
17/84

3/36

21/84

14/36

0/36

0/36

Concussion:

  
0 .25 .5 .75 1

Prevalence

Prevalence (Vestibular) in Adult Concussion Patients



Overall

Collins (Standard Helmet), 2006 (Within 72 hours)63

Collins (Standard Helmet), 2006 (Within 72 hours)63

Subtotal

Subtotal

Numbness/Tingling

Subtotal

Nance, 2016 (< 3 days)65

Subtotal

Irritability

Nance, 2016 (< 3 days)65

Nervousness

Study (Time since Concussion)

Slow Down

Sroufe, 2010 (Within 24 hours)67

Nance, 2016 (< 3 days)65

Sadness

Confusion

Personality Changes

Nance, 2016 (< 3 days)65

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Confusion/Disorientation

Numbness

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Sroufe, 2010 (Within 24 hours)67
Grubenhoff, 2011 (1 day)64

Emotional Problem

Collins (Standard Helmet), 2006 (Within 72 hours)63

Subtotal

Nance, 2016 (< 3 days)65

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Grubenhoff, 2011 (1 day)64

0.30 (0.21, 0.39)

0.28 (0.19, 0.40)

0.18 (0.10, 0.28)

0.26 (0.20, 0.33)

0.18 (0.12, 0.25)

0.21 (0.16, 0.27)

0.21 (0.09, 0.36)

0.26 (0.19, 0.33)

0.18 (0.08, 0.34)

ES (95% CI)

0.36 (0.19, 0.56)

0.21 (0.09, 0.36)

0.26 (0.13, 0.42)

0.18 (0.09, 0.30)

0.23 (0.13, 0.35)

0.11 (0.02, 0.28)
0.30 (0.23, 0.37)

0.72 (0.60, 0.81)
0.68 (0.60, 0.76)

0.56 (0.40, 0.72)

0.65 (0.51, 0.76)

0.21 (0.15, 0.28)

21/74

13/74

8/39

7/39

Positive/N

10/28

8/39

10/39

11/62

14/62

Concussion:

3/28
49/165

53/74

22/39

40/62

35/165

0.30 (0.21, 0.39)

0.28 (0.19, 0.40)

0.18 (0.10, 0.28)

0.26 (0.20, 0.33)

0.18 (0.12, 0.25)

0.21 (0.16, 0.27)

0.21 (0.09, 0.36)

0.26 (0.19, 0.33)

0.18 (0.08, 0.34)

ES (95% CI)

0.36 (0.19, 0.56)

0.21 (0.09, 0.36)

0.26 (0.13, 0.42)

0.18 (0.09, 0.30)

0.23 (0.13, 0.35)

0.11 (0.02, 0.28)
0.30 (0.23, 0.37)

0.72 (0.60, 0.81)
0.68 (0.60, 0.76)

0.56 (0.40, 0.72)

0.65 (0.51, 0.76)

0.21 (0.15, 0.28)

21/74

13/74

8/39

7/39

Positive/N

10/28

8/39

10/39

11/62

14/62

Concussion:

3/28
49/165

53/74

22/39

40/62

35/165

  
0 .25 .5 .75 1

Prevalence

Prevalence (Anxiety/Mood) in Pediatric Concussion Patients



Overall

Guskiewicz, 2001 (1 day)68

Depression

Ponsford, 2011 (2 days)71
Tingling

Subtotal

Guskiewicz, 2001 (3 days)68
Guskiewicz, 2001 (1 day)68

Subtotal

Subtotal

Guskiewicz, 2001 (3 days)68

Ponsford, 2011 (2 days)71

Sadness

Stone, 2015 (≤ 3 days)72

Irritability

Guskiewicz, 2001 (Time of Injury)68

Nervousness
Ponsford, 2011 (2 days)71

Confusion

Photophobia

Study (Time since Concussion)

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (Time of Injury)68

Guskiewicz, 2001 (3 day)68

Kontos, 2012 (2 days)69

Guskiewicz, 2001 (Time of Injury)68

Ponsford, 2011 (2 days)71

0.23 (0.15, 0.33)

0.06 (0.01, 0.19)

0.30 (0.22, 0.39)

0.17 (0.10, 0.25)

0.11 (0.03, 0.26)
0.17 (0.06, 0.33)

0.18 (0.00, 0.55)

0.19 (0.09, 0.31)

0.06 (0.01, 0.19)

0.28 (0.20, 0.36)
0.19 (0.11, 0.29)

0.31 (0.16, 0.48)

0.28 (0.21, 0.37)

ES (95% CI)

0.08 (0.02, 0.22)

0.56 (0.38, 0.72)

0.08 (0.02, 0.22)

0.79 (0.68, 0.87)

0.17 (0.06, 0.33)

0.27 (0.19, 0.36)

2/36

37/123

4/36
6/36

Concussion:

2/36

34/123
16/84

11/36

35/123

Positive/N

3/36

20/36

3/36

59/75

6/36

33/123

0.23 (0.15, 0.33)

0.06 (0.01, 0.19)

0.30 (0.22, 0.39)

0.17 (0.10, 0.25)

0.11 (0.03, 0.26)
0.17 (0.06, 0.33)

0.18 (0.00, 0.55)

0.19 (0.09, 0.31)

0.06 (0.01, 0.19)

0.28 (0.20, 0.36)
0.19 (0.11, 0.29)

0.31 (0.16, 0.48)

0.28 (0.21, 0.37)

ES (95% CI)

0.08 (0.02, 0.22)

0.56 (0.38, 0.72)

0.08 (0.02, 0.22)

0.79 (0.68, 0.87)

0.17 (0.06, 0.33)

0.27 (0.19, 0.36)

2/36

37/123

4/36
6/36

Concussion:

2/36

34/123
16/84

11/36

35/123

Positive/N

3/36

20/36

3/36

59/75

6/36

33/123

  
0 .25 .5 .75 1

Prevalence

Prevalence (Anxiety/Mood) in Adult Concussion Patients



Overall

Nance, 2016 (< 3 days)65

Sleeping More Than Usual

Nance, 2016 (< 3 days)65

Drowsiness

Nance, 2016 (< 3 days)65

Study (Time since Concussion)

Nance, 2016 (< 3 days)65

Trouble Falling Asleep

Sleeping Less Than Usual

0.33 (0.19, 0.49)

0.54 (0.37, 0.70)

0.36 (0.21, 0.53)

0.18 (0.08, 0.34)

ES (95% CI)

0.26 (0.13, 0.42)

21/39

14/39

7/39

Positive/N

10/39

Concussion:

0.33 (0.19, 0.49)

0.54 (0.37, 0.70)

0.36 (0.21, 0.53)

0.18 (0.08, 0.34)

ES (95% CI)

0.26 (0.13, 0.42)

21/39

14/39

7/39

Positive/N

10/39

Concussion:

  
0 .25 .5 .75 1

Prevalence

Prevalence (Sleep Disturbance) in Pediatric Concussion Patients



Overall

Study (Time since Concussion)

Guskiewicz, 2001 (3 days)68

Ponsford, 2011 (2 days)71

Guskiewicz, 2001 (Time of Injury)68

Subtotal

Sleeping Less Than Usual

Sleepiness

Sleeping More Than Usual

Guskiewicz, 2001 (1 day)68

Trouble Falling Asleep

Ponsford, 2011 (2 days)71

Ponsford, 2011 (2 days)71

Ponsford, 2011 (2 days)71

Drowsiness

0.34 (0.18, 0.51)

ES (95% CI)

0.17 (0.06, 0.33)

0.33 (0.25, 0.42)

0.28 (0.14, 0.45)

0.19 (0.12, 0.28)

0.14 (0.05, 0.29)

0.79 (0.71, 0.86)

0.31 (0.23, 0.40)

0.33 (0.25, 0.42)

Positive/N

6/36

41/123

10/36
5/36

97/123

38/123

41/123

Concussion:

0.34 (0.18, 0.51)

ES (95% CI)

0.17 (0.06, 0.33)

0.33 (0.25, 0.42)

0.28 (0.14, 0.45)

0.19 (0.12, 0.28)

0.14 (0.05, 0.29)

0.79 (0.71, 0.86)

0.31 (0.23, 0.40)

0.33 (0.25, 0.42)

Positive/N

6/36

41/123

10/36
5/36

97/123

38/123

41/123

Concussion:

  
0 .25 .5 .75 1

Prevalence

Prevalence (Sleep Disturbance) in Adult Concussion Patients



Overall

Remembering

Schatz, 2006 (Within 72 hours)66

Subtotal

Study (Time since Concussion)

1.83 (0.17, 19.75)

1.83 (0.17, 19.75)

1.83 (0.17, 19.75)

ES (95% CI)

Concussion:

2/72

Positive/N

Control:

1/66

Positive/N

1.83 (0.17, 19.75)

1.83 (0.17, 19.75)

1.83 (0.17, 19.75)

ES (95% CI)

Concussion:

2/72

Positive/N

  1.0506 1 19.8
Prevalence Ratio

Prevalence Ratio (Cognitive) in Pediatric Patients



Overall

McCrea, 2005 (2 days)70

Study (Time since Concussion)

Cognitive Problems

McCrea, 2005 (Time of Injury)70

Concentration

Stone, 2015 (≤ 3 days)72

McCrea, 2005 (1 day)70

McCrea, 2005 (Postgame/Practice)70

Subtotal

McCrea, 2005 (3 days)70

Subtotal

McCrea, 2005 (2 days)70

4.40 (2.80, 6.91)

3.18 (1.69, 5.97)

ES (95% CI)

8.84 (4.14, 18.85)

5.00 (0.69, 36.41)

6.45 (2.99, 13.91)

8.04 (3.76, 17.20)

5.00 (0.69, 36.41)

2.38 (1.24, 4.57)

4.39 (2.72, 7.10)

2.63 (1.55, 4.48)

48/94

Positive/N

89/94

14/84

65/94

81/94

Concussion:

36/94

53/94

9/56

Positive/N

6/56

1/30

6/56

6/56

Control:

9/56

12/56

4.40 (2.80, 6.91)

3.18 (1.69, 5.97)

ES (95% CI)

8.84 (4.14, 18.85)

5.00 (0.69, 36.41)

6.45 (2.99, 13.91)

8.04 (3.76, 17.20)

5.00 (0.69, 36.41)

2.38 (1.24, 4.57)

4.39 (2.72, 7.10)

2.63 (1.55, 4.48)

48/94

Positive/N

89/94

14/84

65/94

81/94

Concussion:

36/94

53/94

  
1.0275 1 36.4

Prevalence Ratio

Prevalence Ratio (Cognitive) in Adult Patients



Overall

Subtotal

Study (Time since Concussion)

Visual Problems

Stone, 2015 (≤ 3 days)72

11.31 (0.70, 183.33)

11.31 (0.70, 183.33)

ES (95% CI)

11.31 (0.70, 183.33)

Concussion:

Positive/N

15/84

Control:

Positive/N

0/30

11.31 (0.70, 183.33)

11.31 (0.70, 183.33)

ES (95% CI)

11.31 (0.70, 183.33)

Concussion:

Positive/N

15/84

  
1.00545 1 183

Prevalence Ratio

Prevalence Ratio (Ocular-Motor) in Adult Patients



Overall

Subtotal

Subtotal

Study (Time since Concussion)

Headache

Nausea/Vomiting

Stone, 2015 (≤ 3 days)72

Stone, 2015 (≤ 3 days)72

1.48 (0.96, 2.27)

1.40 (0.87, 2.26)

1.88 (0.70, 5.02)

ES (95% CI)

1.40 (0.87, 2.26)

1.88 (0.70, 5.02)

Concussion:

Positive/N

47/84

21/84

Control:

Positive/N

12/30

4/30

1.48 (0.96, 2.27)

1.40 (0.87, 2.26)

1.88 (0.70, 5.02)

ES (95% CI)

1.40 (0.87, 2.26)

1.88 (0.70, 5.02)

Concussion:

Positive/N

47/84

21/84

  
1.199 1 5.02

Prevalence Ratio

Prevalence Ratio (Headache-Migraine) in Adult Patients



Overall

Study (Time since Concussion)

McCrea, 2005 (3 days)70

Balance Problem

McCrea, 2005 (2-3 hours)70

Subtotal

Subtotal

Subtotal

McCrea, 2005 (1 day)70

McCrea, 2005 (Immediately Post Injury)70

Stone, 2015 (≤ 3 days)72

McCrea, 2005 (2 days)70

Subtotal

Stone, 2015 (≤ 3 days)72

Stone, 2015 (≤ 3 days)72

Nausea/Vomiting

Dizziness

Stone, 2015 (≤ 3 days)72

Tinnitus

2.88 (1.91, 4.33)

ES (95% CI)

1.91 (0.74, 4.92)

8.94 (2.22, 35.97)

8.39 (0.51, 138.13)

3.49 (2.10, 5.78)

1.88 (0.70, 5.02)

2.38 (0.84, 6.77)

6.75 (2.17, 20.97)

1.71 (0.72, 4.09)

2.86 (1.16, 7.07)

1.71 (0.72, 4.09)

8.39 (0.51, 138.13)

6.07 (0.84, 43.68)

1.88 (0.70, 5.02)

Positive/N

16/94

30/94

Concussion:

16/94

34/94

24/84

24/94

11/84

17/84

21/84

Positive/N

5/56

2/56

Control:

4/56

3/56

5/30

5/56

0/30

1/30

4/30

2.88 (1.91, 4.33)

ES (95% CI)

1.91 (0.74, 4.92)

8.94 (2.22, 35.97)

8.39 (0.51, 138.13)

3.49 (2.10, 5.78)

1.88 (0.70, 5.02)

2.38 (0.84, 6.77)

6.75 (2.17, 20.97)

1.71 (0.72, 4.09)

2.86 (1.16, 7.07)

1.71 (0.72, 4.09)

8.39 (0.51, 138.13)

6.07 (0.84, 43.68)

1.88 (0.70, 5.02)

Positive/N

16/94

30/94

Concussion:

16/94

34/94

24/84

24/94

11/84

17/84

21/84

  
1.00724 1 138

Prevalence Ratio

Prevalence Ratio (Vestibular) in Adult Patients



Overall

Subtotal

Subtotal

Depression

Kontos, 2012 (2 days)69

Study (Time since Concussion)

Irritability

Stone, 2015 (≤ 3 days)72

1.70 (1.31, 2.20)

1.90 (0.60, 6.08)

1.69 (1.29, 2.21)

1.69 (1.29, 2.21)

ES (95% CI)

1.90 (0.60, 6.08)

59/75

Positive/N

16/84

Concussion:

35/75

Positive/N

3/30

Control:

1.70 (1.31, 2.20)

1.90 (0.60, 6.08)

1.69 (1.29, 2.21)

1.69 (1.29, 2.21)

ES (95% CI)

1.90 (0.60, 6.08)

59/75

Positive/N

16/84

Concussion:

  
1.164 1 6.08

Prevalence Ratio

Prevalence Ratio (Anxiety/Mood) in Adult Patients



Overall

Covassin (AM J Sports), 2013 (3 days)58

Subtotal

Covassin (AM J Sports), 2013 (3 days)58

Iverson, 2006 (1-2 days)76

Schatz, 2006 (Within 72 hours)66

Hammeke, 2013 (13 hours)75

Covassin (Brain Inj), 2013 (3 days)74

Collins (Standard Helmet), 2006 (Within 72 hours)63

Verbal Learning Test - Recognition
Hammeke, 2013 (13 hours)75

Hammeke, 2013 (13 hours)75

Subtotal

Subtotal

Subtotal

Hammeke, 2013 (13 hours)75

Symbol Digit Recall

Subtotal

Iverson, 2006 (1-2 days)76

Schatz, 2006 (Within 72 hours)66

Letter-Number Sequencing
Hammeke, 2013 (13 hours)75

Covassin (AM J Sports), 2013 (3 days)58

Covassin (Brain Inj), 2013 (3 days)74

Hammeke, 2013 (13 hours)75

Controlled Oral Word Association Test

ImPACT - Verbal Memory

Subtotal

Hammeke, 2013 (13 hours)75

Subtotal

Covassin (Brain Inj), 2013 (3 days)74

Verbal Learning Test - Delayed Recall

Subtotal

Trail Making Test B

Stroop Word

Covassin (AM J Sports), 2013 (3 days)58

Collins (Standard Helmet), 2006 (Within 72 hours)63

Covassin (AM J Sports), 2013 (3 days)58

Subtotal

Subtotal

Covassin (AM J Sports), 2013 (3 days)58

Subtotal

Sternberg Task - Percent Accuracy

Hammeke, 2013 (13 hours)75

Sufrinko, 2015 (2 days)77

Subtotal

Hammeke, 2013 (13 hours)75

Remembering

Sternberg Task - Reaction Time (ms)

Covassin (Brain Inj), 2013 (3 days)74

Subtotal

ImPACT - Impulse Control

Stroop Word-Colors Test

Hammeke, 2013 (13 hours)75

Covassin (Brain Inj), 2013 (3 days)74

Subtotal

Schatz, 2006 (Within 72 hours)66

Covassin (AM J Sports), 2013 (3 days)58
Schatz, 2006 (Within 72 hours)66
Collins (Standard Helmet), 2006 (Within 72 hours)63

Subtotal

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Study (Time since Concussion)

Subtotal

Subtotal

Stroop Color

Hammeke, 2013 (13 hours)75

Symbol Digit

Subtotal

ImPACT - Visual Motor Speed

Trail Making Test A

Sufrinko, 2015 (2 days)77

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Iverson, 2006 (1-2 days)76

Iverson, 2006 (1-2 days)76

Covassin (Brain Inj), 2013 (3 days)74

Subtotal

Covassin (AM J Sports), 2013 (3 days)58

Covassin (AM J Sports), 2013 (3 days)58

Covassin (AM J Sports), 2013 (3 days)58

Hammeke, 2013 (13 hours)75

Schatz, 2006 (Within 72 hours)66

Covassin (AM J Sports), 2013 (3 days)58

ImPACT - Visual Memory

ImPACT - Reaction Time

Hammeke, 2013 (13 hours)75

Sufrinko, 2015 (2 days)77

Covassin (AM J Sports), 2013 (3 days)58

Covassin (AM J Sports), 2013 (3 days)58

Covassin (AM J Sports), 2013 (3 days)58

Covassin (AM J Sports), 2013 (3 days)58
Covassin (AM J Sports), 2013 (3 days)58

Sufrinko, 2015 (2 days)77

Collins (Revolution Helmet), 2006 (Within 72 hours)63

Subtotal

Concentration

Collins (Standard Helmet), 2006 (Within 72 hours)63

0.66 (0.57, 0.75)

0.58 (0.50, 0.66)

0.23 (-0.57, 1.03)

0.49 (0.41, 0.56)

0.86 (0.49, 1.23)

1.01 (0.65, 1.36)

0.87 (0.03, 1.71)

0.76 (0.60, 0.91)

0.72 (0.49, 0.95)

0.79 (-0.04, 1.62)

-0.12 (-0.92, 0.68)

0.05 (-0.75, 0.85)

0.25 (-0.55, 1.06)

0.79 (-0.04, 1.62)

0.09 (-0.71, 0.89)

-0.17 (-0.31, -0.03)

0.53 (0.19, 0.87)

1.34 (0.97, 1.71)

0.54 (-0.28, 1.35)

0.42 (0.35, 0.49)

-0.01 (-0.15, 0.13)

0.23 (-0.57, 1.03)

0.87 (0.03, 1.71)

0.71 (-0.11, 1.54)

0.87 (0.03, 1.71)

0.57 (0.42, 0.71)

0.71 (-0.11, 1.54)

1.54 (1.43, 1.64)

0.48 (0.26, 0.69)

0.31 (0.24, 0.38)

0.83 (0.62, 1.04)

0.42 (-0.39, 1.23)

1.02 (0.93, 1.11)

0.54 (-0.28, 1.35)

0.87 (0.03, 1.71)

0.64 (0.52, 0.76)

-0.01 (-0.15, 0.13)

0.03 (-0.77, 0.83)

-0.17 (-0.31, -0.03)

-0.02 (-0.36, 0.31)

0.05 (-0.75, 0.85)

0.64 (0.49, 0.79)

0.03 (-0.77, 0.83)

0.97 (0.61, 1.32)

0.63 (0.56, 0.71)
1.11 (0.75, 1.47)
0.58 (0.36, 0.80)

0.75 (0.65, 0.86)

0.40 (0.17, 0.63)

ES (95% CI)

0.50 (0.41, 0.60)

0.81 (0.59, 1.03)

0.52 (-0.30, 1.33)
0.52 (-0.30, 1.33)

0.49 (0.38, 0.60)

1.05 (0.77, 1.33)

0.90 (0.64, 1.17)

1.05 (0.65, 1.45)

0.98 (0.59, 1.37)

0.77 (0.61, 0.92)

0.09 (-0.71, 0.89)

0.62 (0.54, 0.70)

1.46 (1.36, 1.56)

0.96 (0.87, 1.05)

0.25 (-0.55, 1.06)

-0.02 (-0.36, 0.31)

0.56 (0.48, 0.63)

0.42 (-0.39, 1.23)

0.60 (0.48, 0.72)

0.42 (0.35, 0.50)

0.78 (0.69, 0.86)

0.49 (0.41, 0.57)

0.60 (0.52, 0.67)
0.70 (0.62, 0.78)

0.66 (0.54, 0.78)

0.63 (0.39, 0.87)

-0.12 (-0.92, 0.68)

0.89 (0.65, 1.13)

598

598

30

72

12

165

74

12

12

12

30

72

12

598

165

Concussion

12

12

165

598

74

598

598

12

265

12

165

12

165

72

598
72
74

62

N

12

265

62

62

30

30

165

598

598

598

12

72

598

12

265

598

598

598

598
598

265

62

74

598

598

30

66

12

165

74

12

12

12

30

66

12

598

165

Control

12

12

165

598

74

598

598

12

265

12

165

12

165

66

598
66
74

62

N

12

265

62

62

30

30

165

598

598

598

12

66

598

12

265

598

598

598

598
598

265

62

74

0.66 (0.57, 0.75)

0.58 (0.50, 0.66)

0.23 (-0.57, 1.03)

0.49 (0.41, 0.56)

0.86 (0.49, 1.23)

1.01 (0.65, 1.36)

0.87 (0.03, 1.71)

0.76 (0.60, 0.91)

0.72 (0.49, 0.95)

0.79 (-0.04, 1.62)

-0.12 (-0.92, 0.68)

0.05 (-0.75, 0.85)

0.25 (-0.55, 1.06)

0.79 (-0.04, 1.62)

0.09 (-0.71, 0.89)

-0.17 (-0.31, -0.03)

0.53 (0.19, 0.87)

1.34 (0.97, 1.71)

0.54 (-0.28, 1.35)

0.42 (0.35, 0.49)

-0.01 (-0.15, 0.13)

0.23 (-0.57, 1.03)

0.87 (0.03, 1.71)

0.71 (-0.11, 1.54)

0.87 (0.03, 1.71)

0.57 (0.42, 0.71)

0.71 (-0.11, 1.54)

1.54 (1.43, 1.64)

0.48 (0.26, 0.69)

0.31 (0.24, 0.38)

0.83 (0.62, 1.04)

0.42 (-0.39, 1.23)

1.02 (0.93, 1.11)

0.54 (-0.28, 1.35)

0.87 (0.03, 1.71)

0.64 (0.52, 0.76)

-0.01 (-0.15, 0.13)

0.03 (-0.77, 0.83)

-0.17 (-0.31, -0.03)

-0.02 (-0.36, 0.31)

0.05 (-0.75, 0.85)

0.64 (0.49, 0.79)

0.03 (-0.77, 0.83)

0.97 (0.61, 1.32)

0.63 (0.56, 0.71)
1.11 (0.75, 1.47)
0.58 (0.36, 0.80)

0.75 (0.65, 0.86)

0.40 (0.17, 0.63)

ES (95% CI)

0.50 (0.41, 0.60)

0.81 (0.59, 1.03)

0.52 (-0.30, 1.33)
0.52 (-0.30, 1.33)

0.49 (0.38, 0.60)

1.05 (0.77, 1.33)

0.90 (0.64, 1.17)

1.05 (0.65, 1.45)

0.98 (0.59, 1.37)

0.77 (0.61, 0.92)

0.09 (-0.71, 0.89)

0.62 (0.54, 0.70)

1.46 (1.36, 1.56)

0.96 (0.87, 1.05)

0.25 (-0.55, 1.06)

-0.02 (-0.36, 0.31)

0.56 (0.48, 0.63)

0.42 (-0.39, 1.23)

0.60 (0.48, 0.72)

0.42 (0.35, 0.50)

0.78 (0.69, 0.86)

0.49 (0.41, 0.57)

0.60 (0.52, 0.67)
0.70 (0.62, 0.78)

0.66 (0.54, 0.78)

0.63 (0.39, 0.87)

-0.12 (-0.92, 0.68)

0.89 (0.65, 1.13)

598

598

30

72

12

165

74

12

12

12

30

72

12

598

165

Concussion

12

12

165

598

74

598

598

12

265

12

165

12

165

72

598
72
74

62

N

12

265

62

62

30

30

165

598

598

598

12

72

598

12

265

598

598

598

598
598

265

62

74

  
0-2 -1 0 1 2

Standardized Mean Difference

Standardized Mean Difference (Cognitive) in Pediatric Patients



Overall

Echlin, 2012 (72 hours)57

Guskiewicz, 2001 (3 days)68

Subtotal

Trail Making Test A

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (3 days)68

McCrea, 2005 (2 days)70

Wechsler Digit Span Test Forward

Subtotal

Subtotal

McCrea, 2005 (2 days)70

Controlled Oral Word Association Test
McCrea, 2005 (2 days)70

Guskiewicz, 2001 (1 day)68

Subtotal

Guskiewicz, 2001 (3 days)68

Subtotal

McCrea, 2005 (2 days)70

McCrea, 2005 (2 days)70

Echlin, 2012 (72 hours)57

Echlin, 2012 (72 hours)57

Total Sentences

Subtotal

Digit Symbol Substitution Test

Subtotal

Guskiewicz, 2001 (3 days)68

Subtotal

McCrea, 2005 (2 days)70

De Monte (No PTA), 2006 (Within 1 day)79

Guskiewicz, 2001 (3 days)68

Subtotal

Trail Making Test B

Guskiewicz, 2001 (1 day)68
Wechsler Digit Span Test Backward

Subtotal

Guskiewicz, 2001 (3 days)68

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (1 day)68

De Monte (No PTA), 2006 (Within 1 day)79

De Monte (PTA), 2006 (Within 1 day)79

ImPACT - Reaction Time

McCrea, 2005 (2 days)70

Verbal Learning Test - Recognition

Study (Time since Concussion)

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (1 day)68

Subtotal

Guskiewicz, 2001 (1 day)68

Subtotal

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (3 days)68

De Monte (No PTA), 2006 (Within 1 day)79

Guskiewicz, 2001 (3 days)68

Verbal Learning Test - Immediate Memory

Guskiewicz, 2001 (1 day)68

Subtotal

Subtotal

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (1 day)68

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (3 days)68

ImPACT - Visual Motor Speed

Subtotal

Guskiewicz, 2001 (1 day)68

Verbal Learning Test - Delayed Recall

Kontos, 2010 (2 days)80

McCrea, 2005 (2 days)70

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (3 days)68
Guskiewicz, 2001 (3 days)68
Guskiewicz, 2001 (1 day)68

McCrea, 2005 (2 days)70

ImPACT - Impulse Control

De Monte (PTA), 2006 (Within 1 day)79

Guskiewicz, 2001 (3 days)68

Learning Trial

Subtotal

Echlin, 2012 (72 hours)57

De Monte (No PTA), 2006 (Within 1 day)79

Kontos, 2010 (2 days)80

De Monte (PTA), 2006 (Within 1 day)79

De Monte (PTA), 2006 (Within 1 day)79

Guskiewicz, 2001 (3 days)68

De Monte (PTA), 2006 (Within 1 day)79

McCrea, 2005 (2 days)70

Guskiewicz, 2001 (1 day)68

Guskiewicz, 2001 (3 days)68

Kontos, 2010 (2 days)80

Kontos, 2010 (2 days)80
Echlin, 2012 (72 hours)57
ImPACT - Visual Memory

Subtotal

Stroop Word-Colors Test

Guskiewicz, 2001 (1 day)68

De Monte (No PTA), 2006 (Within 1 day)79

ImPACT - Verbal Memory

0.24 (0.16, 0.32)

0.00 (-0.53, 0.53)

-0.07 (-0.53, 0.39)

0.80 (-0.18, 1.77)

-0.02 (-0.31, 0.27)
0.29 (-0.18, 0.75)

0.28 (-0.05, 0.61)

0.27 (-0.43, 0.98)

0.06 (-0.25, 0.38)

0.22 (-0.11, 0.56)

0.00 (-0.33, 0.34)

0.50 (0.03, 0.97)

0.20 (-0.20, 0.59)

-0.18 (-0.47, 0.12)

0.34 (0.02, 0.66)

0.43 (0.09, 0.76)

-0.07 (-0.25, 0.11)

-0.40 (-0.95, 0.15)

-1.16 (-1.84, -0.47)

0.23 (0.06, 0.41)

0.19 (-0.14, 0.52)

0.14 (-0.16, 0.43)

0.27 (0.12, 0.42)

0.02 (-0.16, 0.21)

0.21 (-0.21, 0.62)

0.11 (-0.35, 0.57)

0.27 (-0.05, 0.59)

0.64 (0.17, 1.11)

-0.07 (-0.60, 0.46)

0.36 (-0.10, 0.83)

0.64 (0.16, 1.11)

0.40 (0.10, 0.70)

0.85 (0.42, 1.28)
1.04 (0.59, 1.49)

0.14 (-0.04, 0.32)

ES (95% CI)

0.43 (0.09, 0.76)

0.48 (0.01, 0.95)

-0.29 (-1.92, 1.33)

0.65 (0.18, 1.13)

0.40 (0.07, 0.73)

0.04 (-0.14, 0.23)

0.08 (-0.22, 0.37)

0.20 (-0.21, 0.62)

0.24 (-0.06, 0.53)

0.20 (-0.26, 0.66)

-0.08 (-0.84, 0.68)

-0.02 (-0.65, 0.60)

0.38 (0.08, 0.69)

0.70 (0.22, 1.17)

0.20 (0.02, 0.38)

-0.30 (-0.60, 0.00)

0.23 (0.10, 0.37)

0.20 (-0.09, 0.50)

0.50 (0.31, 0.69)

0.21 (0.02, 0.39)

-0.22 (-0.40, -0.03)

0.10 (-0.20, 0.39)
-0.06 (-0.52, 0.40)
0.36 (0.06, 0.67)

0.32 (-0.01, 0.66)

0.68 (0.24, 1.12)

-0.67 (-0.99, -0.34)

0.02 (-0.14, 0.18)

-0.07 (-0.60, 0.46)

0.30 (-0.11, 0.72)

0.25 (0.06, 0.43)

1.05 (0.60, 1.51)

0.64 (0.20, 1.07)

0.69 (0.21, 1.16)

1.30 (0.83, 1.77)

0.59 (0.25, 0.93)

0.42 (0.11, 0.72)

0.44 (-0.03, 0.91)

0.37 (0.19, 0.56)

0.27 (0.08, 0.45)
-0.52 (-1.08, 0.04)

0.94 (0.63, 1.25)

0.33 (0.03, 0.63)

-0.08 (-0.49, 0.33)

11

36

36
36

94

94

94

36

36

94

94

11

11

36

94

48

36

36

36

Concussion

36

36

48
42

94

N

94

36

36

94

36

48

36

36

36

36

94

36

36

96

94

94

36
36
36

94

42

36

11

48

96

42

42

36

42

94

36

36

96

96
11

36

48

45

36

36
36

56

56

56

36

36

56

94

45

45

36

94

43

36

36

36

Control

36

36

43
43

94

N

56

36

36

94

36

43

36

36

36

36

94

36

36

96

94

94

36
36
36

56

43

36

45

43

96

43

43

36

43

56

36

36

96

96
45

36

43

0.24 (0.16, 0.32)

0.00 (-0.53, 0.53)

-0.07 (-0.53, 0.39)

0.80 (-0.18, 1.77)

-0.02 (-0.31, 0.27)
0.29 (-0.18, 0.75)

0.28 (-0.05, 0.61)

0.27 (-0.43, 0.98)

0.06 (-0.25, 0.38)

0.22 (-0.11, 0.56)

0.00 (-0.33, 0.34)

0.50 (0.03, 0.97)

0.20 (-0.20, 0.59)

-0.18 (-0.47, 0.12)

0.34 (0.02, 0.66)

0.43 (0.09, 0.76)

-0.07 (-0.25, 0.11)

-0.40 (-0.95, 0.15)

-1.16 (-1.84, -0.47)

0.23 (0.06, 0.41)

0.19 (-0.14, 0.52)

0.14 (-0.16, 0.43)

0.27 (0.12, 0.42)

0.02 (-0.16, 0.21)

0.21 (-0.21, 0.62)

0.11 (-0.35, 0.57)

0.27 (-0.05, 0.59)

0.64 (0.17, 1.11)

-0.07 (-0.60, 0.46)

0.36 (-0.10, 0.83)

0.64 (0.16, 1.11)

0.40 (0.10, 0.70)

0.85 (0.42, 1.28)
1.04 (0.59, 1.49)

0.14 (-0.04, 0.32)

ES (95% CI)

0.43 (0.09, 0.76)

0.48 (0.01, 0.95)

-0.29 (-1.92, 1.33)

0.65 (0.18, 1.13)

0.40 (0.07, 0.73)

0.04 (-0.14, 0.23)

0.08 (-0.22, 0.37)

0.20 (-0.21, 0.62)

0.24 (-0.06, 0.53)

0.20 (-0.26, 0.66)

-0.08 (-0.84, 0.68)

-0.02 (-0.65, 0.60)

0.38 (0.08, 0.69)

0.70 (0.22, 1.17)

0.20 (0.02, 0.38)

-0.30 (-0.60, 0.00)

0.23 (0.10, 0.37)

0.20 (-0.09, 0.50)

0.50 (0.31, 0.69)

0.21 (0.02, 0.39)

-0.22 (-0.40, -0.03)

0.10 (-0.20, 0.39)
-0.06 (-0.52, 0.40)
0.36 (0.06, 0.67)

0.32 (-0.01, 0.66)

0.68 (0.24, 1.12)

-0.67 (-0.99, -0.34)

0.02 (-0.14, 0.18)

-0.07 (-0.60, 0.46)

0.30 (-0.11, 0.72)

0.25 (0.06, 0.43)

1.05 (0.60, 1.51)

0.64 (0.20, 1.07)

0.69 (0.21, 1.16)

1.30 (0.83, 1.77)

0.59 (0.25, 0.93)

0.42 (0.11, 0.72)

0.44 (-0.03, 0.91)

0.37 (0.19, 0.56)

0.27 (0.08, 0.45)
-0.52 (-1.08, 0.04)

0.94 (0.63, 1.25)

0.33 (0.03, 0.63)

-0.08 (-0.49, 0.33)

11

36

36
36

94

94

94

36

36

94

94

11

11

36

94

48

36

36

36

Concussion

36

36

48
42

94

N

94

36

36

94

36

48

36

36

36

36

94

36

36

96

94

94

36
36
36

94

42

36

11

48

96

42

42

36

42

94

36

36

96

96
11

36

48

  
0-2 -1 0 1 2

Standardized Mean Difference

Standardized Mean Difference (Cognitive) in Adult Patients



Overall

Subtotal

Study (Time since Concussion)

Subtotal

Sensitivity to Light

Covassin (Brain Inj), 2013 (3 days)74

Visual Problems

Covassin (Brain Inj), 2013 (3 days)74

0.04 (-0.07, 0.14)

-0.02 (-0.15, 0.12)

ES (95% CI)

0.09 (-0.05, 0.23)

0.09 (-0.05, 0.23)

-0.02 (-0.15, 0.12)

N

Concussion

165

165

N

Control

165

165

0.04 (-0.07, 0.14)

-0.02 (-0.15, 0.12)

ES (95% CI)

0.09 (-0.05, 0.23)

0.09 (-0.05, 0.23)

-0.02 (-0.15, 0.12)

N

Concussion

165

165

  0-1 0 1
Standardized Mean Difference

Standardized Mean Difference (Ocular-Motor) in Pediatric Patients



Overall

Crevitts (Intoxicated Patients), 2000 (Within 1 day)78

Crevitts (Intoxicated Patients), 2000 (Within 1 day)78

Crevitts (Intoxicated Patients), 2000 (Within 1 day)78

Antisaccade (Errors)

Crevitts (No Intoxication Patients), 2000 (Within 1 day)78

Crevitts (Intoxicated Patients), 2000 (Within 1 day)78

Remembered Saccade (Latency)

Antisaccade (Latency)

Subtotal

Subtotal

Subtotal

Remembered Saccade (Errors)

Subtotal

Crevitts (No Intoxication Patients), 2000 (Within 1 day)78

Crevitts (No Intoxication Patients), 2000 (Within 1 day)78

Crevitts (No Intoxication Patients), 2000 (Within 1 day)78

Study (Time since Concussion)

0.72 (0.36, 1.09)

1.29 (0.35, 2.23)

1.57 (0.61, 2.54)

1.52 (0.56, 2.48)

0.28 (-0.28, 0.84)

1.18 (0.25, 2.11)

0.72 (0.02, 1.42)

0.69 (-0.33, 1.71)

0.86 (-0.40, 2.13)

0.87 (-0.27, 2.00)

0.35 (-0.20, 0.90)

0.44 (-0.12, 1.01)

0.24 (-0.31, 0.78)

ES (95% CI)

Concussion

6

6

6

23

6

25

23

25

N

Control

27

27

27

27

27

27

27

27

N

0.72 (0.36, 1.09)

1.29 (0.35, 2.23)

1.57 (0.61, 2.54)

1.52 (0.56, 2.48)

0.28 (-0.28, 0.84)

1.18 (0.25, 2.11)

0.72 (0.02, 1.42)

0.69 (-0.33, 1.71)

0.86 (-0.40, 2.13)

0.87 (-0.27, 2.00)

0.35 (-0.20, 0.90)

0.44 (-0.12, 1.01)

0.24 (-0.31, 0.78)

ES (95% CI)

Concussion

6

6

6

23

6

25

23

25

N

  
0-3 -2 -1 0 1 2 3

Standardized Mean Difference

Standardized Mean Difference (Ocular-Motor) in Adult Patients



Overall

Subtotal

Headache

Sensitivity to Light

Subtotal

Subtotal

Sensitivity to Noise

Covassin (Brain Inj), 2013 (3 days)74

Vomiting

Study (Time since Concussion)

Covassin (Brain Inj), 2013 (3 days)74

Covassin (Brain Inj), 2013 (3 days)74

Subtotal

Covassin (Brain Inj), 2013 (3 days)74

Subtotal
Covassin (Brain Inj), 2013 (3 days)74

Nausea

-0.01 (-0.08, 0.07)

-0.12 (-0.25, 0.02)

0.11 (-0.03, 0.25)

0.03 (-0.11, 0.16)

-0.03 (-0.17, 0.11)

ES (95% CI)

0.11 (-0.03, 0.25)

0.03 (-0.11, 0.16)

-0.03 (-0.17, 0.11)

-0.12 (-0.25, 0.02)

-0.02 (-0.15, 0.12)
-0.02 (-0.15, 0.12)

165

N

165

165

165

165

Concussion

165

N

165

165

165

165

Control

-0.01 (-0.08, 0.07)

-0.12 (-0.25, 0.02)

0.11 (-0.03, 0.25)

0.03 (-0.11, 0.16)

-0.03 (-0.17, 0.11)

ES (95% CI)

0.11 (-0.03, 0.25)

0.03 (-0.11, 0.16)

-0.03 (-0.17, 0.11)

-0.12 (-0.25, 0.02)

-0.02 (-0.15, 0.12)
-0.02 (-0.15, 0.12)

165

N

165

165

165

165

Concussion

  
0-1 0 1

Standardized Mean Difference

Standardized Mean Difference (Headache/Migraine) in Pediatric Patients



Overall

Subtotal

Subtotal

Covassin (Brain Inj), 2013 (3 days)74

Chin, 2016 (24 hours)73

Covassin (Brain Inj), 2013 (3 days)74

Balance Problem

Subtotal

Dizziness

Subtotal

Covassin (Brain Inj), 2013 (3 days)74

Chin, 2016 (24 hours)73
Chin, 2016 (24 hours)73

Covassin (Brain Inj), 2013 (3 days)74

mBESS

Covassin (Brain Inj), 2013 (3 days)74

Fogginess

Hammeke, 2013 (13 hours)75

Chin, 2016 (24 hours)73

Subtotal

Study (Time since Concussion)

BESS

Nausea

Subtotal

Vomiting

Subtotal

0.18 (0.04, 0.32)

0.35 (0.19, 0.51)

0.24 (0.11, 0.38)

-0.03 (-0.17, 0.11)

0.29 (0.15, 0.43)

0.24 (0.11, 0.38)

0.44 (0.08, 0.79)

-0.03 (-0.17, 0.11)

-0.22 (-0.36, -0.08)

0.18 (0.04, 0.32)
0.51 (0.29, 0.73)

0.03 (-0.11, 0.16)

0.07 (-0.06, 0.21)

1.12 (0.26, 1.99)

0.46 (0.24, 0.68)

0.03 (-0.11, 0.16)

ES (95% CI)

-0.22 (-0.36, -0.08)

0.07 (-0.06, 0.21)

Concussion

165

166

165

165

166
166

165

165

12

166

N
Control

165

166

165

165

166
164

165

165

12

164

N

0.18 (0.04, 0.32)

0.35 (0.19, 0.51)

0.24 (0.11, 0.38)

-0.03 (-0.17, 0.11)

0.29 (0.15, 0.43)

0.24 (0.11, 0.38)

0.44 (0.08, 0.79)

-0.03 (-0.17, 0.11)

-0.22 (-0.36, -0.08)

0.18 (0.04, 0.32)
0.51 (0.29, 0.73)

0.03 (-0.11, 0.16)

0.07 (-0.06, 0.21)

1.12 (0.26, 1.99)

0.46 (0.24, 0.68)

0.03 (-0.11, 0.16)

ES (95% CI)

-0.22 (-0.36, -0.08)

0.07 (-0.06, 0.21)

Concussion

165

166

165

165

166
166

165

165

12

166

N

  
0-2 -1 0 1 2

Standardized Mean Difference

Standardized Mean Difference (Vestibular) in Pediatric Patients



Overall

Sheedy, 2009 (3 days)81

Subtotal

McCrea, 2005 (Immediately Post Injury)70

McCrea, 2005 (3 days)70

McCrea, 2005 (3 days)70

McCrea, 2005 (1 day)70

McCrea, 2005 (Immediately Post Injury)70

BESS

Study (Time since Concussion)

mBESS

McCrea, 2005 (1 day)70

McCrea, 2005 (2 days)70

Echlin, 2012 (72 hours)57

McCrea, 2005 (2-3 hours)70

Subtotal

McCrea, 2005 (2-3 hours)70

McCrea, 2005 (2 days)70

0.36 (0.18, 0.55)

0.78 (0.58, 0.98)

0.41 (0.22, 0.59)

0.76 (0.42, 1.11)

0.13 (-0.20, 0.46)

0.05 (-0.14, 0.23)

0.28 (-0.06, 0.61)

0.84 (0.63, 1.05)

ES (95% CI)

0.28 (0.09, 0.46)

0.22 (-0.12, 0.55)

-0.39 (-0.94, 0.16)

0.46 (0.12, 0.79)

-0.39 (-0.94, 0.16)

0.55 (0.35, 0.74)

0.13 (-0.05, 0.31)

100
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