
Chi-square test for heterogeneity  = 3.04; P = 0.39; I2 = 1%

2020Total

11.61.30 (0.13 to 2.47)79.211.2 ± 1.0612.5 ± 1.16Pelouch 1996 * ‡ || ** ||||

-2.4-0.50 (-4.11 to 3.11)8.920.7 ± 0.9520.2 ± 4.05Field 1991 (2) * ‡ ¶ ** ||||

-8.5-2.10 (-7.53 to 3.33)4.024.7 ± 2.7522.6 ± 5.65Field 1991 * ‡ || ** ||||

15.62.90 (-0.93 to 6.73)7.918.6 ± 3.3421.5 ± 2.14Boehm 2003 * ‡ ¶ ‡‡ ||||

CK-MB, percentage of total

Chi-square test for heterogeneity  = 6.76; P = 0.08; I2 = 56%

2020Total

5.03.00 (-1.18 to 7.18)27.259.6 ± 3.5662.6 ± 3.96Pelouch 1996 * ‡ || ** ||||

-1.2-0.70 (-5.00 to 3.60)26.560.8 ± 3.6560.1 ± 3.45Field 1991 (2) * ‡ ¶ ** ||||

8.75.30 (-2.37 to 12.97)13.760.9 ± 4.7566.2 ± 7.45Field 1991 * ‡ || ** ||||

-10.0-2.80 (-6.04 to 0.44)32.628.1 ± 3.3425.3 ± 0.14Boehm 2003 * ‡ ¶ ‡‡ ||||

CK-MM, percentage of total

Weighted 
Mean
Percentage 
Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪

▪

▪

▪

-10              -5                0                5              10

βGPA          Control
Weighted Mean Difference

▪

▪

▪

▪

-20            -10               0               10             20

A



42.91.50 (0.21 to 2.79)20.43.5 ± 1.345.0 ± 0.24Boehm 2003 * ‡ ¶ ‡‡ ||||

2020Total

CK-Mi, percentage of total

38.9-2.80 (-6.04 to 0.44)38.9 28.1 ± 3.3425.3 ± 0.14Boehm 2003 * ‡ ¶ ‡‡ ||||

21.6-2.10 (-6.44 to 2.24)21.68.9 ± 4.756..8 ± 1.65Field 1991 * ‡ || ** ||||

Chi-square test for heterogeneity  = 5.79; P = 0.12; I2 = 48%

16.60.40 (-4.55 to 5.35)16.614.8 ± 3.1515.2 ± 4.75Field 1991 (2) * ‡ ¶ ** ||||

-24.3-36.00 (-75.03 to 3.03)100.0148.0 ± 31.04112.0 ± 25.04O’Gorman 1997 * ‡ || ‡‡ ¶¶

CK-Mi, mU/mg protein

Chi-square test for heterogeneity  = 2.93; P = 0.40; I2 = 0%

2020Total

22.8-5.20 (-9.43 to -0.97)22.826.5 ± 3.3621.3 ± 4.16Pelouch 1996 * ‡ || ** ||||

3.80.10 (-0.39 to 0.59)43.22.6 ± 0.0262.7 ± 0.66Pelouch 1996 * ‡ || ** ||||

8.30.30 (-0.84 to 1.44)23.53.6 ± 0.753.9 ± 1.15Field 1991 (2) * ‡ ¶ ** ||||

-18.2-1.00 (-2.81 to 0.81)12.85.5 ± 1.354.5 ± 1.65Field 1991 * ‡ || ** ||||

CK-BB, percentage of total

Weighted  
Mean 
Percentage 

Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪

▪

▪

▪

-4              -2                0                2                4

▪

▪

▪

▪

-10              -5                0                5              10

▪
-100            -50               0               50             100

βGPA    Control

Weighted Mean Difference

B



-53.3-1.60 (-2.04 to -1.16)100.03.0 ± 0.351.4 ± 0.45O’Gorman 1997 * ‡ || ‡‡ ¶¶

Hexokinase, U/g wet weight

-4.9-0.27 (-0.96 to 0.42)100.0 6.1 ± 0.145.8 ± 0.74Shoubridge 1985 * ‡ || ** ||||

Hexokinase,  µmol/g wet weight

Test for overall effect:
Z = 0.75; P = 0.45

Chi-square test for heterogeneity  = 1.43; P = 0.49; I2 = 0%

-6.6-2.40 (-8.64 to 3.84)100.01515Total

-11.1-12.30 (-33.38 to 8.78)8.8111.0 ± 12.9598.7 ± 20.35Shoubridge 1985 * ‡ || ** ||||

0.00.00 (-7.67 to 7.67)66.362.3 ± 4.4562.3 ± 7.55Field 1991 (2) * ‡ ¶ ** ||||

-8.7-5.30 (-17.80 to 7.20)24.960.6 ± 9.5555.3 ± 10.65Field 1991 * ‡ || ** ||||

Citrate synthase,  µmol/min per g wet weight

Weighted 
Mean 
Percentage 
Change (%)

Weighted Mean 
Difference (95% CI)                                             

Weight,
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪
▪

▪

-50             -25               0               25              50

▪
-2               -1                0                1                2

▪
-2               -1                0                1                2

βGPA          Control
Weighted Mean Difference

C



-15.7-8.00 (-12.38 to 3.62)100.051.0 ± 4.82343.0 ± 10.025Lorentzon 2007 * ‡ || ‡‡ ||||

Left ventricular fractional shortening during stress induced by pacing, 
percentage

-9.5-22.00 (-36.13 to -7.87)100.0 232.0 ± 19.010210.0 ± 12.710Neubauer 1999 * ‡ ¶ ** ||||

Peak  left ventricular developed  pressure during aortic occlusion, mmHg

-69.1-6.50 (-8.58 to -4.42)100.09.4 ± 2.5102.9 ± 2.210Neubauer 1999 * ‡ ¶ ** ||||

Left ventricular end-diastolic pressure, mm Hg

15.219.00 (-0.30 to 38.30)100.0 125.0 ± 28.510144.0 ± 12.710Neubauer 1999 * ‡ ¶ ** ||||

Baseline cardiac output, mL/min

Test for overall effect:
Z = 2.31; P = 0.02

Chi-square test for heterogeneity  = 21.48; P  < 0.00001; I2 = 95%

-33.61-19.60 (-36.26 to -2.94)100.03340Total

-24.6-11.00 (-16.70 to -5.30)49.445.0 ± 10.62334.0 ± 9.525Lorentzon 2007 * ‡ || ‡‡ ||||

-50.9-28.00 (-32.38 to 23.62)50.655.0 ± 6.31027.0 ± 3.915Lindblom 2008 † ‡ ¶ ‡‡ ||||

Baseline left ventricular fractional shortening, percentage

3.04.00 (-4.77 to 12.77)100.0 134.0 ± 6.310138.0 ± 12.710Neubauer 1999 * ‡ ¶ ** ||||

Baseline left ventricular systolic pressure, mm Hg

Weighted 
Mean 
Percentage 

Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪
-50             -25              0               25              50

▪
▪

▪

▪
-10              -5                0                5               10

▪
-20             -10               0               10             20

βGPA          Control
Weighted Mean Difference

▪

-50             -25              0               25              50

-50             -25              0               25              50

-50             -25              0               25              50

D



8.134.00 (-13.17 to 81.17)100.0422.0 ± 36.05456.0 ± 40.05Shoubridge 1985 * ‡ || ** ||||

Cardiac output, ml/min per gram dry weight

-8.6-3.00 (-10.07 to 4.07)100.035.0 ± 4.5532.0 ± 6.04Kapelko 1988 * ‡ ** ||||

Cardiac output, ml/min

Test for overall effect:
Z = 2.38; P = 0.02

Chi-square test for heterogeneity  = 282.82; P< 0.00001; I2 = 98%

-35.6-44.90 (-81.81 to -7.99)100.04645Total

-41.2-99.00 (-106.55 to -91.45)15.2240.0 ± 8.014141.0 ± 12.014Zweier 1991 * ‡ ¶ ** ||||

-26.1-12.00 (-23.79 to -0.21)15.146.0 ± 9.0534.0 ± 10.05Shoubridge 1985 * ‡ || ** ||||

-33.3-29.00 (-64.99 to 6.99)13.487.0 ± 41.7658.0 ± 17.16Neubauer 1999 * ‡ ¶ ** ||||

-36.2-34.00 (-52.04 to -15.96)14.894.0 ± 14.7660.0 ± 17.16Neubauer 1998 * ‡ ¶ ** ||||

-41.3-69.00 (-119.96 to -18.04)11.9167.0 ± 22.4698.0 ± 53.76Mekhfi 1990 * ‡ || ** ¶¶

-11.6-9.90 (-18.97 to -0.83)15.293.2 ± 6.5583.3 ± 7.24Kapelko 1988 * ‡ ** ||||

-45..8-65.00 (-86.91 to -43.09)14.5142.0 ± 22.4577.0 ± 11.25Gorman 1997

Left Ventricular Developed Pressure, mm Hg

Weighted 
Mean 
Percentage 

Change (%)

Weighted Mean 
Difference (95% CI)

Weight,
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪

▪

▪

▪

▪

▪

▪

-100         -50             0             50          100

▪

▪
-100         -50            0            50          100

βGPA          Control
Weighted Mean Difference

-20          -10             0            10           20

E



-2.3-9.00 (-37.62 to 19.62)100.0388.0 ± 25.05379.0 ± 21.05Shoubridge 1985 * ‡ || ** ||||

Cardiac output, mL/min  per gram dry weight

-19.4-6.00 (-16.56 to 4.56)100.031.0 ± 7.21325.0 ± 12.36Kapelko 1988 * ‡ ** ||||

Cardiac output, mL/min 

Test for overall effect:
Z = 1.16; P = 0.03

Chi-square test for heterogeneity  = 4.65; P = 0.03; I2 = 78%

-12.6-11.50 (-30.88 to 7.88)100.01811Total

-9.4-3.00 (-10.07 to 4.07)57.532.0 ± 4.0529.0 ± 7.05Shoubridge 1985 * ‡ || ** ||||

-14.3-23.00 (-39.75 to -6.25)42.5161.0 ± 10.813138.0 ± 19.66Kapelko 1988 * ‡ ** ||||

Left Ventricular Developed Pressure, mm Hg

Weighted 
Mean 

Percentage 
Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration

± SD

NMean 
Concentration

± SD

NStudy (Reference)

ControlIntervention

▪
▪

-50            -25               0               25              50

▪
-100            -50               0               50             100

βGPA          Control

Weighted Mean Difference

▪
-20             -10               0               10              20

F



1.3-0.01 (-0.08 to 0.06)87.90.78  ± 0.0680.77  ± 0.1216Pelouch 1996 * ‡ || ** ||||

Chi-square test for heterogeneity  = 23.74; P < 0.0001; I2 = 83%

3935Total

15.20.51 (0.20 to 0.82)21.73.3  ± 0.383.8  ± 0.516Pelouch 1996 * ‡ || ** ||||

-2.8-0.14 (-0.70 to 0.42)16.43.6  ± 0.663.5  ± 0.36Neubauer 1999 * ‡ ¶ ** ||||

-2.8-0.13 (-0.59 to 0.33)18.53.6  ± 0.573.5  ± 0.35Horn 2001 * ‡ ¶ ** ||||

31.00.86 (0.67 to 1.05)23.72.9  ± 0.0143.8  ± 0.25Clark 1994 * ‡ || ** ||||

18.20.58 (0.18 to 0.98)19.73.3  ± 0.9203.9  ± 0.29Boehm 2003 * ‡ ¶ ‡‡ ||||

Heart Weight to Body Weight Ratio

Chi-square test for heterogeneity  = 2.83; P = 0.42; I2 = 0% Test for overall effect:
Z = 0.39; P = 0.70

7.00.02 (-0.06 to 0.09)100.03935Total

-0.6-0.01 (-1.58 to 1.56)0.21.81 ± 0.1671.80 ± 1.795Horn 2001 * ‡ ¶ ** ||||

17.40.20 (-0.18 to 0.58)3.21.15 ± 0.0841.35 ± 0.425Clark 1994 * ‡ || ** ||||

13.70.16 (-0.07 to 0.39)8.71.17 ± 0.49201.33 ± 0.129Boehm 2003 * ‡ ¶ ‡‡ ||||

Wet Heart Weight, grams

Weighted 
Mean 
Percentage 
Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪

▪
▪

▪

▪

▪

▪

▪

▪

-2               -1                0                1               2

-2               -1                0                1                2

βGPA          Control
Weighted Mean Difference

G



Test for overall effect:
Z = 2.00; P = 0.05

Chi-square test for heterogeneity  = 29.57; P < 0.00001; I2 = 90%

19.30.36 (0.01 to 0.71)100.03945Total

5.30.15 (-0.09 to 0.39)24.91.9 ± 0.282.0 ± 0.416Pelouch 1996 * ‡ || ** ||||

28.60.62 (0.40 to 0.84)25.32.1 ± 0.2122.7 ± 0.212Mekhfi 1990 * ‡ || ** ¶¶

33.30.70 (0.39 to 1.01)23.12.1 ± 0.6152.8 ± 0.215Lorentzon 2007 * ‡ || ‡‡ ||||

0.00.00 (-0.15 to 0.15)26.72.2 ± 0.282.2 ± 0.28Adams 1995 * § || ** ||||

Left Ventricle Weight to Body Weight Ratio

Chi-square test for heterogeneity  = 36.11; P < 0.00001; I2 = 92%

4149Total

-2.3-0.02 (-0.07 to 0.04)26.60.43 ± 0.0580.42 ± 0.0916Pelouch 1996 * ‡ || ** ||||

1.10.01 (-0.08 to 0.10)25.10.91 ± 0.1060.92 ± 0.056Neubauer 1999 * ‡ ¶ ** ||||

26.30.21 (0.11 to 0.31)24.80.80 ± 0.12121.01 ± 01212Mekhfi 1990 * ‡ || ** ¶¶

34.40.32 (0.20 to 0.44)23.50.93 ± 0.23151.25 ± 0.0415Lorentzon 2007 * ‡ || ‡‡ ||||

Left Ventricle Weight, grams

Weighted 
Mean 
Percentage 

Change (%)

Weighted Mean 
Difference (95% CI)

Weight, 
%

Mean 
Concentration
± SD

NMean 
Concentration
± SD

NStudy (Reference)

ControlIntervention

▪
▪

▪
▪

▪

▪

▪

▪

-0.50          -0.25              0             0.25          0.50

-1              -0.5              0              0.5               1
βGPA          Control

Weighted Mean Difference

H


