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This document contains the forest plots of the analyses conducted for the review as well as 
the forest plots, Galbraith plots and the leave one analysis conducted when the data was 
analysed. 
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0.54 (0.03, 1.05)
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1.46 (0.12, 2.80)
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1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
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(I2 = 97.9%, p = 0.000)
Overall, DL
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Stur et al. (1996)
Prasad et al. (2007)
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Swanson et al. (1988)
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Khorsandi et al. (2019)
Ayatollahi et al. (2022)
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Crouse et al. (1984 (Endurance-trained))
Ahmadi et al. (2020)
Kim et al. (2014)
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DiSilvestro et al. (2015)
Barrie et al. (1987)
Payahoo et al. (2013)
Bogale et al. (2015)
Demetree et al. (1980)
Wessells et al. (2010)
Wessells et al. (2010)
Sullivan and Cousins (1997)
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(I2 = 99.4%, p = 0.000)
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Yalda and Ibrahiem (2010)
Tamura et al. (1996)
Rohmawati et al. (2021)
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(I2 = 96.2%, p = 0.000)
Subgroup, DL
Wessells et al. (2020)
Abdollahi et al. (2019)
Hunt et al. (1985)
Kaseb et al. (2013)
Surono et al. (2014) (Zn + Probiotic VS Probiotic only)
Surono et al. (2014)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Berger et al. (2015)
Wessells et al. (2012) (tablet)
Ba Lo et al. (2011)
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(I2 = 92.4%, p = 0.000)
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Fahmida et al. (2007)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
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30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

22 mg/d Zn
25 mg/d Zn
20 mg/d Zn

7 mg/d Zn
5 mg/d Zn

20 mg/d Zn
1 mg/d Zn
8 mg/d Zn
8 mg/d Zn

10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
9 mg/d Zn
5 mg/d Zn
6 mg/d Zn

10 mg/d Zn
3 mg/d Zn

10 mg/d Zn
10 mg/d Zn
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104
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12
4

6

15
13
12
12
12
12
12
12
12
12
12
12
10
8
8
8
8
6
6
4
4

3.3
3
3
3
2
2

24
17
12

36
26
19
16

12.9
12.9

12
12
12
4
3

2.1

26.1
26
24
24

Weeks

1959

147
38
24
32
36
17

57
57

508
18
40
24
13
7
9

13
25
24
27
22
26
26
12
11
40
20
13
10
15
30
24
5

16
17
10
11

155
50
70
35

882
134
272
56
48
12
12
31
39
21
75

149
33

210
25
80
53
52

N

16.62 (4.02)
15.90 (2.55)
16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

14.02 (2.70)

11.53 (1.25)
13.64 (1.22)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

11.56 (0.37)
9.10 (0.17)
9.04 (1.32)

10.05 (2.83)
12.23 (2.02)
9.68 (1.41)

11.86 (2.45)
11.32 (2.50)
11.46 (2.61)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
13.80 (2.94)
12.31 (0.67)
10.72 (1.58)

19.15 (1.55)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)

Mean (SD)
Treatment

1953

120
42
25
18
18
17

55
55

488
22
40
26
12
5
4
5

27
22
30
24
28
26
11
10
40
20
13
10
15
30
23
5
9

10
10
11

151
50
65
36

907
130
308
47
47
12
12
31
40
26
72

150
32

232
34
91
52
55

N

13.04 (1.56)
13.53 (1.48)
12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

9.38 (0.43)

10.42 (1.53)
13.26 (1.30)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
13.50 (1.05)
13.50 (1.05)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

9.40 (0.60)
8.73 (0.16)
7.65 (1.32)

8.30 (1.68)
12.63 (2.72)
9.14 (1.25)

11.73 (2.27)
11.39 (1.97)
10.23 (1.45)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
12.30 (3.09)
9.66 (0.67)
9.68 (1.64)

15.30 (0.75)
11.58 (2.16)
11.34 (2.48)
11.27 (0.34)

Mean (SD)
Control

2.22 (1.77, 2.67)

3.54 (2.80, 4.28)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

4.64 (3.93, 5.35)
4.64 (3.93, 5.35)

2.65 (1.80, 3.50)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.30 (-0.09, 2.70)
2.16 (1.96, 2.35)
0.37 (0.31, 0.43)
1.39 (0.78, 2.00)

0.96 (0.07, 1.86)
1.75 (1.19, 2.31)
-0.40 (-0.78, -0.01)
0.54 (0.03, 1.05)
0.13 (-0.82, 1.08)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
1.50 (0.52, 2.48)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

2.71 (1.68, 3.75)
3.85 (3.19, 4.51)
0.93 (0.25, 1.62)
3.26 (2.13, 4.39)
2.87 (2.72, 3.02)

(95% CI)
Effect

100.00
20.33
24.71
17.33
18.28
19.35

100.00
100.00

100.00
4.50
4.63
4.22
3.18
4.17
3.09
4.27
3.40
2.95
4.27
3.85
3.93
4.59
1.66
1.76
4.52
4.40
2.95
2.29
4.59
4.07
4.53
1.40
4.23
4.21
3.64
4.67

100.00
33.89
34.10
32.01

100.00
9.05
9.22
9.10
8.48
6.79
7.02
8.56
8.27
6.99
8.43
9.35
8.75

100.00
25.44
25.22
21.16
28.18

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by population
Controlled trials

2



(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.069

(I2 = 95.8%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Wessells et al. (2020)
Fahmida et al. (2007)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Surono et al. (2014) (Zn + Probiotic VS Probiotic only)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Abdulla and Svensson. (1979) (Study 1)
Yosaee et al. (2019) (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Palin et al. (1979)
Ahmadi et al. (2020)
Barrie et al. (1987)
Swanson et al. (1988)
Payahoo et al. (2013)
Wessells et al. (2012) (tablet)
Ba Lo et al. (2011)
Mixed

(I2 = 97.5%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Tamura et al. (1996)
Ayatollahi et al. (2022)
Rohmawati et al. (2021)
Jafari et al. (2020)
Mujica-Coopman et al. (2015)
Mesdaghinia et al. (2019)
Kim et al. (2014)
Mazaheri Nia et al. (2021)
DiSilvestro et al. (2015)
Berger et al. (2015)
Bogale et al. (2015)
Females

(I2 = 0.0%, p = 0.478)
Subgroup, DL
Black et al. (1988)
Black et al. (1988)
Fernandes de Oliveira et al. (2009)
Crouse et al. (1984 (Sedentary))
Crouse et al. (1984 (Endurance-trained))
Fischer et al. (1984)
Demetree et al. (1980)
Wessells et al. (2010)
Wessells et al. (2010)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Males

Sex and Author, year (group)

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
10 mg/d Zn
1 mg/d Zn

30 mg/d Zn
8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/D Zn
30 mg/d Zn
5 mg/d Zn
6 mg/d Zn

22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
50 mg/d Zn
20 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
25 mg/d Zn
60 mg/d Zn
9 mg/d Zn

20 mg/d Zn

75 mg/d Zn
50 mg/d Zn
22 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
24
16
15

12.9
12.9

12
12
12
12
12
12
12
12
12
12
8
8
4
4
4
3

2.1

24
19
17
13
12
12
12
10
8
6
6
4

3.3

12
12
12
8
8
6
3
3
3
2
2

Weeks

2223

1569
38
24

134
25

131
126
272
80
53
52
48
18
12
12
32
36
24
13
7

25
24
22
31
39
7

40
15
17
30

149
33

516
50
56
70
40
35
27
26
26
20
57
10
75
24

138
9

13
21
12
11
13
5

16
17
10
11

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.86 (2.45)
11.53 (1.25)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
19.56 (5.91)
11.78 (7.23)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
13.98 (5.93)
13.69 (1.87)
8.35 (0.58)

16.50 (2.47)
11.33 (3.52)
12.31 (0.67)
10.72 (1.58)

11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

13.64 (1.22)
9.04 (1.32)

16.88 (2.62)
17.03 (3.23)
12.22 (1.30)
14.90 (1.80)
14.02 (2.70)
13.76 (4.59)
13.80 (2.94)
11.25 (1.22)

18.10 (4.05)
15.50 (1.62)
18.70 (3.50)
26.45 (7.65)
23.85 (6.60)
18.35 (5.50)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2093

1477
42
25

130
34
65
65

308
91
52
55
47
22
12
12
18
18
26
12
5

27
22
24
31
40
10
40
15
17
30

150
32

502
50
47
65
40
36
30
28
26
20
55
10
72
23

114
4
5

26
11
10
13
5
9

10
10
11

N

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.34 (2.48)
11.27 (0.34)
11.73 (2.27)
10.42 (1.53)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
8.96 (2.03)
8.69 (2.20)

13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
13.76 (1.96)
13.31 (1.87)
8.39 (1.17)

12.90 (1.65)
7.00 (2.60)
9.66 (0.67)
9.68 (1.64)

9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

13.26 (1.30)
7.65 (1.32)

13.56 (2.21)
14.16 (3.33)
10.84 (1.09)
14.10 (1.60)
9.38 (0.43)

12.23 (4.59)
12.30 (3.09)
10.97 (1.53)

13.50 (1.05)
13.50 (1.05)
16.90 (2.10)
23.39 (5.20)
21.56 (5.20)
15.14 (0.83)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

2.18 (1.74, 2.61)

2.39 (1.84, 2.94)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
3.26 (2.13, 4.39)
2.87 (2.72, 3.02)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
4.33 (2.76, 5.89)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

1.58 (0.86, 2.29)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.38 (-0.17, 0.94)
1.39 (0.78, 2.00)
3.32 (2.06, 4.59)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)

1.67 (1.34, 2.00)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.80 (0.10, 3.50)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
3.21 (0.19, 6.23)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
3.19
3.36
3.81
3.76
3.70
3.78
3.89
3.74
3.40
3.96
3.55
3.62
2.79
2.89
3.04
3.09
3.21
2.02
3.14
2.23
1.80
2.74
3.59
3.45
1.07
3.65
3.75
3.15
3.01
3.96
3.67

100.00
9.07
8.72
9.13
8.66
8.56
7.10
5.90
8.49
7.62
8.38
2.35
7.81
8.21

100.00
1.38
6.87
3.85
0.40
0.44
1.22
0.31
6.22
5.98
2.46

70.89

Weight
%

Intervention lower Intervention higher
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Plasma/serum zinc (μmol/L) by sex
Controlled trials
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.706

(I2 = 97.9%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Fahmida et al. (2007)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Surono et al. (2014) (Zn + Probiotic VS Probiotic only)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Abdulla and Svensson. (1979) (Study 1)
Black et al. (1988)
Black et al. (1988)
Rohmawati et al. (2021)
Yosaee et al. (2019) (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Mujica-Coopman et al. (2015)
Mesdaghinia et al. (2019)
Palin et al. (1979)
Ahmadi et al. (2020)
Kim et al. (2014)
Fischer et al. (1984)
DiSilvestro et al. (2015)
Barrie et al. (1987)
Swanson et al. (1988)
Berger et al. (2015)
Payahoo et al. (2013)
Bogale et al. (2015)
Demetree et al. (1980)
Wessells et al. (2012) (tablet)
Ba Lo et al. (2011)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Normal

(I2 = 89.0%, p = 0.000)
Subgroup, DL
Wessells et al. (2020)
Crouse et al. (1984 (Sedentary))
Crouse et al. (1984 (Endurance-trained))
Mazaheri Nia et al. (2021)
Wessells et al. (2010)
Wessells et al. (2010)
Low

Status at baseline and Author, year (group)

45 mg/d
45 mg/d Zn
10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

7 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
20 mg/d Zn
10 mg/d Zn

Description

104
52

26.1
26
26
26
26
24
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
6
6
4
4
4
4

3.3
3
3

2.1
2
2

36
8
8
6
3
3

Weeks

2223

1976
38
24
25

131
126
272
80
53
52
50
56
70
48
18
40
12
12
32
36
24
13
7
9

13
35
25
24
27
22
31
39
21
26
26
7

40
20
13
10
15
17
75
30
24
5

149
33
10
11

247
134
12
11
57
16
17

N

16.62 (4.02)
15.90 (2.55)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
13.98 (5.93)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

10.05 (2.83)
26.45 (7.65)
23.85 (6.60)
14.02 (2.70)
13.49 (0.88)
12.98 (1.36)

Mean (SD)
Treatment

2093

1868
42
25
34
65
65

308
91
52
55
50
47
65
47
22
40
12
12
18
18
26
12
5
4
5

36
27
22
30
24
31
40
26
28
26
10
40
20
13
10
15
17
72
30
23
5

150
32
10
11

225
130
11
10
55
9

10

N

13.04 (1.56)
13.53 (1.48)
15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.34 (2.48)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
13.76 (1.96)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

8.30 (1.68)
23.39 (5.20)
21.56 (5.20)
9.38 (0.43)

11.67 (1.94)
11.67 (1.94)

Mean (SD)
Control

2.18 (1.74, 2.61)

2.14 (1.69, 2.60)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
3.26 (2.13, 4.39)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

2.46 (0.90, 4.01)
1.75 (1.19, 2.31)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
4.64 (3.93, 5.35)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)

(95% CI)
Effect

100.00
2.07
2.18
2.42
2.38
2.43
2.50
2.41
2.20
2.54
2.53
2.46
2.54
2.29
2.33
2.45
1.83
1.89
1.98
2.01
2.09
1.34
2.05
1.28
2.12
2.43
1.48
1.20
2.13
1.79
2.31
2.23
1.88
1.85
2.42
0.72
2.35
2.24
1.20
0.86
2.41
2.05
2.28
1.96
2.36
0.47
2.54
2.37
1.64
2.49

100.00
23.33
6.31
6.77

22.90
20.41
20.28

Weight
%

Intervention lower Intervention higher
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Plasma/serum zinc (μmol/L) by status at baseline
Controlled trials
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 0.0%, p = 0.739)
Subgroup, DL
Bodgen et al. (1988)
Bodgen et al. (1988)
Swanson et al. (1988)
Zinc acetate

(I2 = 84.3%, p = 0.000)
Subgroup, DL
Prasad et al. (2007)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Heckmann et al. (2005)
Black et al. (1988)
Black et al. (1988)
Yosaee et al. (2019) (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Fernandes de Oliveira et al. (2009)
Mesdaghinia et al. (2019)
Kim et al. (2014)
Fischer et al. (1984)
DiSilvestro et al. (2015)
Barrie et al. (1987)
Payahoo et al. (2013)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Zinc gluconate

(I2 = 98.6%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Wessells et al. (2020)
Fahmida et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Surono et al. (2014) (Zn + Probiotic VS Probiotic only)
Surono et al. (2014)
Weismann et al. (1977)
Abdulla and Svensson. (1979) (Study 1)
Rohmawati et al. (2021)
Gülsan et al. (2013)
Mujica-Coopman et al. (2015)
Palin et al. (1979)
Crouse et al. (1984 (Sedentary))
Crouse et al. (1984 (Endurance-trained))
Ahmadi et al. (2020)
Mazaheri Nia et al. (2021)
Berger et al. (2015)
Bogale et al. (2015)
Demetree et al. (1980)
Wessells et al. (2012) (tablet)
Wessells et al. (2010)
Wessells et al. (2010)
Ba Lo et al. (2011)
Zinc sulfate

Supplementation type and Author, year (group)

100 mg/d Zn
15 mg/d Zn
30 mg/D Zn

45 mg/d Zn
30 mg/d Zn
15 mg/d Zn
20 mg/d Zn
75 mg/d Zn
50 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn

45 mg/d
7 mg/d Zn

10 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

135 mg/d Zn
135 mg/d Zn
20 mg/d Zn
1 mg/d Zn

30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
9 mg/d Zn

20 mg/d Zn
100 mg/d Zn

5 mg/d Zn
20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

Description

12
12
4

52
26
26
12
12
12
12
12
12
12
12
12
10
8
6
6
4
4
2
2

104
36

26.1
26
26
24
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
8
8
8
8
6
4

3.3
3
3
3
3

2.1

Weeks

2223

85
32
36
17

612
24

131
126
24
9

13
25
24
27
22
31
21
26
20
13
10
15
30
10
11

1526
38

134
25

272
80
53
52
50
56
70
48
18
40
12
12
13
7

35
39
26
7

12
11
40
57
75
24
5

149
16
17
33

N

16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

15.90 (2.55)
15.10 (3.60)
14.00 (2.60)
12.47 (3.00)
18.10 (4.05)
15.50 (1.62)
19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
18.70 (3.50)
12.22 (1.30)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
15.00 (2.43)
14.50 (0.60)

16.62 (4.02)
10.05 (2.83)
19.15 (1.55)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
18.15 (4.49)
27.40 (1.50)
9.04 (1.32)

14.56 (2.53)
17.03 (3.23)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.02 (2.70)
13.80 (2.94)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)

Mean (SD)
Treatment

2093

53
18
18
17

485
25
65
65
26
4
5

27
22
30
24
31
26
26
20
13
10
15
30
10
11

1555
42

130
34

308
91
52
55
50
47
65
47
22
40
12
12
12
5

36
40
28
10
11
10
40
55
72
23
5

150
9

10
32

N

12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

13.53 (1.48)
13.00 (1.70)
13.00 (1.70)
11.01 (1.56)
13.50 (1.05)
13.50 (1.05)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
16.90 (2.10)
10.84 (1.09)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

12.30 (2.43)
13.00 (0.30)

13.04 (1.56)
8.30 (1.68)

15.30 (0.75)
12.63 (2.72)
11.58 (2.16)
11.34 (2.48)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
15.39 (2.12)
15.20 (1.00)
7.65 (1.32)

13.46 (2.31)
14.16 (3.33)
13.76 (1.96)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
9.38 (0.43)

12.30 (3.09)
10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

Mean (SD)
Control

2.18 (1.74, 2.61)

4.05 (3.20, 4.90)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

2.17 (1.55, 2.80)
2.37 (1.20, 3.54)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
1.46 (0.12, 2.80)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.80 (0.10, 3.50)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.96 (1.38, 2.54)
3.58 (2.22, 4.94)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
3.26 (2.13, 4.39)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
1.39 (0.78, 2.00)
1.11 (0.04, 2.17)
2.87 (1.12, 4.62)
0.22 (-4.34, 4.78)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
4.64 (3.93, 5.35)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)

(95% CI)
Effect

100.00
30.85
33.18
35.96

100.00
5.77
6.57
6.77
5.43
2.90
5.57
3.44
2.67
5.58
4.42
6.30
4.71
6.72
6.00
2.68
1.81
6.70
4.98
3.93
7.04

100.00
3.17
3.71
3.66
3.78
3.65
3.35
3.83
3.83
3.73
3.84
3.48
3.54
3.71
2.81
2.90
2.09
3.13
3.69
3.40
2.85
1.14
0.91
0.98
3.57
3.63
3.47
3.59
0.75
3.83
3.19
3.17
3.59

Weight
%

Intervention lower Intervention higher
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Plasma/serum zinc (μmol/L) by supplementation type
Controlled trials
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.390

(I2 = 95.7%, p = 0.000)
Subgroup, DL
Abdulla and Svensson. (1979) (Study 1)
Palin et al. (1979)
Fischer et al. (1984)
Non-RCT

(I2 = 97.6%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Wessells et al. (2020)
Fahmida et al. (2007)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Surono et al. (2014) (Zn + Probiotic VS Probiotic only)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Black et al. (1988)
Black et al. (1988)
Rohmawati et al. (2021)
Yosaee et al. (2019) (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Mujica-Coopman et al. (2015)
Mesdaghinia et al. (2019)
Crouse et al. (1984 (Sedentary))
Crouse et al. (1984 (Endurance-trained))
Ahmadi et al. (2020)
Kim et al. (2014)
Mazaheri Nia et al. (2021)
DiSilvestro et al. (2015)
Barrie et al. (1987)
Swanson et al. (1988)
Berger et al. (2015)
Payahoo et al. (2013)
Bogale et al. (2015)
Demetree et al. (1980)
Wessells et al. (2012) (tablet)
Wessells et al. (2010)
Wessells et al. (2010)
Ba Lo et al. (2011)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
RCT

Study design and Author, year (group)

135 mg/d Zn
23 mg/d Zn
50 mg/d Zn

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
25 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn

20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

Description

12
8
6

104
52
36

26.1
26
26
26
26
24
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
8
6
6
4
4
4
4

3.3
3
3
3
3

2.1
2
2

Weeks

2223

27
7
7

13

2196
38
24

134
25

131
126
272
80
53
52
50
56
70
48
18
40
12
12
32
36
24
13
9

13
35
25
24
27
22
31
39
21
26
26
12
11
40
20
57
10
15
17
75
30
24
5

149
16
17
33
10
11

N

27.40 (1.50)
13.98 (5.93)
18.35 (5.50)

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
14.02 (2.70)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2093

28
5

10
13

2065
42
25

130
34
65
65

308
91
52
55
50
47
65
47
22
40
12
12
18
18
26
12
4
5

36
27
22
30
24
31
40
26
28
26
11
10
40
20
55
10
15
17
72
30
23
5

150
9

10
32
10
11

N

15.20 (1.00)
13.76 (1.96)
15.14 (0.83)

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.34 (2.48)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
9.38 (0.43)

12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

2.18 (1.74, 2.61)

5.41 (-2.42, 13.23)
12.20 (10.78, 13.62)
0.22 (-4.34, 4.78)
3.21 (0.19, 6.23)

1.97 (1.55, 2.40)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
3.26 (2.13, 4.39)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
34.91
31.54
33.55

100.00
1.95
2.05
2.33
2.29
2.26
2.31
2.38
2.28
2.07
2.42
2.41
2.34
2.43
2.17
2.21
2.33
1.70
1.76
1.85
1.88
1.96
1.22
1.17
2.00
2.31
1.35
1.09
2.00
1.66
2.19
2.11
1.75
1.72
2.30
0.51
0.55
2.23
2.11
2.27
0.77
2.29
1.92
2.15
1.83
2.24
0.42
2.42
1.96
1.94
2.24
1.51
2.38

Weight
%

Intervention lower Intervention higher
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Plasma/serum zinc (μmol/L)by stude desing
Controlled trials
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(I2 = 98.1%, p = 0.000)
Overall, DL
Stur et al. (1996)
Prasad et al. (2007)
Wessells et al. (2020)
Fahmida et al. (2007)
Prasad et al. (1996)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Mahajan et al. (1992)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Milne et al. (1987)
Lukaski et al. (1984)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Vale et al. (2014)
Leite et al. (2009)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Hollingsworth et al. (1987)
Abdulla and Svensson. (1979) ( Study 2)
Abdulla and Svensson. (1979) (Study 1)
Black et al. (1988)
Black et al. (1988)
Deguchi et al. (2019)
Rohmawati et al. (2021)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Mujica-Coopman et al. (2015)
Pinna et al. (2002)
Yadrick et al. (1989)
Allan et al. (2000)
Mesdaghinia et al. (2019)
Peretz et al. (1993)
Cesur et al. (2009)
Palin et al. (1979)
Crouse et al. (1984)
Crouse et al. (1984)
Ahmadi et al. (2020)
Kim et al. (2014)
Ruz and Solomons (1992)
Thomas et al. (1992)
Hayee et al. (2005)
Lowe et al. (2004)
Samman and Roberts. (1987) (female)
Samman and Roberts. (1987) (male)
Donangelo et al. (2002)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Gupta et al. (1998)
Pachotikarn et al. (1985)
Mazaheri Nia et al. (2021)
DiSilvestro et al. (2015)
Chung et al. (2008)
Marques et al. (2009)
Swanson et al. (1988)
Duchateau et al. (1981)
Duchateau et al. (1981) (Female 20-40 y)
Duchateau et al. (1981) (Male 20-40 y)
Gatto and Samman. (1995)
Field et al. (1987)
Field et al. (1987)
Field et al. (1987)
Berger et al. (2015)
Payahoo et al. (2013)
Eskici et al. (2017)
Eskici et al. (2017)
Bogale et al. (2015)
Demetree et al. (1980)
Freeland-Graves et al. (1981)
Wessells et al. (2012)
Wessells et al. (2010)
Wessells et al. (2010)
Ba Lo et al. (2011)
Sullivan and Cousins (1997)
Bales et al. (1994)
Sullivan et al. (1998)
Massih et al. (2021)
Massih et al. (2021)
Takacs et al. (2020) (Postmenopausal women)
Takacs et al. (2020) (Premenopausal women)
Farrell et al. (2011)

Author, year (group)

45 mg/d Zn*
45 mg/d Zn*
7 mg/d Zn*

10 mg/d Zn*
30 mg/d Zn

30 mg/d Zn*
15 mg/d Zn*
5 mg/d Zn*
3 mg/d Zn*

10 mg/d Zn*
depletion: 3.2 mg/d Zn

10 mg/d Zn*
22 mg/d Zn*
20 mg/d Zn*

depletion: 2.6 mg/d Zn
depletion: 3.6 mg/d Zn

25 mg/d Zn*
1 mg/d Zn*

30 mg/d Zn*
50 mg/d Zn*
5 mg/d Zn
5 mg/d Zn
8 mg/d Zn*

100 mg/d Zn*
15 mg/d Zn*
20 mg/d Zn*

135 mg/d Zn*
100 mg/d Zn
45 mg/d Zn
135 mg/d Zn
75 mg/d Zn*
50 mg/d Zn*
30 mg/d Zn
20 mg/d Zn*
4 mg/d Zn*

30 mg/d Zn*
30 mg/d Zn*
10 mg/d Zn*
1 mg/d Zn*

22 mg/d Zn*
30 mg/d Zn*

depletion: 4.6 mg/d Zn
50 mg/d Zn

depletion: 4.6 mg/d Zn
30 mg/d Zn*
45 mg/d Zn
50 mg/d Zn
23 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
30 mg/d Zn*

depletion: 4 mg/d Zn
depletion: 3.2 mg/d Zn

150 mg/d Zn
depletion: 0.23 mg/d Zn

150 mg/d Zn
150 mg/d Zn

22 mg/d Zn
45 mg/d Zn
30 mg/d Zn

15 mg/d  Zn
150 mg/d Zn
50 mg/d Zn

25 mg/d Zn*
60 mg/d Zn*

depletion  4 mg/day Zn + Phytic Acid
22 mg/d Zn
30 mg/d Zn*
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
50 mg/d Zn*

150 mg/d Zn
100 mg/d Zn
50 mg/d Zn
9 mg/d Zn*

30 mg/d Zn*
100 mg/d Zn
50 mg/d Zn
20 mg/d Zn*

100 mg/d Zn*
depletion: 3.2 mg/d Zn

5 mg/d Zn*
20 mg/d Zn*
10 mg/d Zn*
6 mg/d Zn*

50 mg/d Zn*
depletion: 3.97 mg/d Zn

50 mg/d Zn*
25 mg/d Zn
25 mg/d Zn
7 mg/d Zn
7 mg/d Zn

53.2 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
26
24
24
24
24
19
17
17
17
16
15
13
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
10
10
10
9

8.7
8
8
8
8
8
7
6
6
6
6
6
6
6
6
6
6
6
6
6
6

4.3
4
4
4
4
4
4
4
4
4
4
4
4

3.3
3
3
3
3
3

2.1
2
2
2
2
2
2
2
2

Weeks

2882
38
24

134
25
5

131
126
272
80
53
8

52
50
56
5
5

70
48
18
40
40
42
12
32
36
24
13
8
7
7
9

13
9

35
24
27
22
31
39
21
26
8
9
7

26
9

29
7

12
11
40
20
15
5

20
5

20
21
11
15
15
15
20
23
57
10
9
7

17
20
20
20
10
5
5
5

75
30
10
10
24
5
6

295
16
17
33
10
15
11
16
17
10
12
5

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
18.07 (5.22)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
-14.14 (1.33)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)

-12.90 (1.73)
-11.57 (0.51)

9.10 (0.17)
11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
18.66 (0.46)
18.66 (2.98)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
20.03 (4.89)
19.11 (2.29)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
17.87 (5.56)
9.04 (1.32)

11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
-11.40 (1.00)
16.20 (3.30)
-11.33 (1.09)
12.22 (1.30)
18.40 (2.00)
20.61 (6.94)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
-12.25 (2.05)
-14.50 (0.72)
16.39 (4.85)
-2.90 (1.00)
23.20 (6.30)
20.60 (4.60)
12.01 (1.64)
15.75 (1.99)
14.53 (1.68)
13.91 (1.53)
15.75 (5.40)
16.06 (2.75)
14.02 (2.70)
13.76 (4.59)
-12.10 (1.42)
11.60 (1.60)
16.50 (2.47)
18.50 (4.90)
20.49 (5.05)
22.02 (7.65)
15.20 (4.00)
17.76 (5.15)
11.98 (2.43)
11.91 (1.96)
13.80 (2.94)
11.33 (3.52)
23.06 (3.46)
23.99 (2.58)
11.25 (1.22)
14.07 (6.27)
-13.00 (1.83)
12.17 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)
15.00 (2.43)
-13.84 (1.11)
14.50 (0.60)
13.56 (0.36)
16.06 (0.90)
14.68 (5.05)
16.21 (3.52)
23.85 (2.60)

Mean (SD)
Treatment

2985
38
24

136
25
8

131
126
344
91
54
8

58
50
56
5
5

70
48
18
40
40
42
12
32
36
24
20
8
7
7
9

13
9

35
24
27
22
31
39
21
26
8
9
7

26
9

29
7

12
11
40
20
15
5

20
5

20
21
11
15
15
15
20
23
58
10
9
7

17
20
20
20
10
5
5
5

75
30
10
10
24
5
6

295
16
17
33
10
15
11
16
17
10
12
5

N

12.08 (1.53)
14.21 (1.44)
8.38 (1.99)

15.30 (1.55)
17.48 (1.98)
13.10 (1.50)
13.00 (1.70)
12.31 (1.77)
11.71 (2.26)
10.23 (2.02)
-18.25 (1.77)
10.38 (2.05)
9.55 (0.52)

10.50 (1.65)
-11.90 (0.92)
-13.46 (1.03)

9.25 (0.02)
10.98 (2.42)
9.97 (0.90)

13.26 (1.41)
15.60 (0.15)
15.60 (1.54)
10.78 (2.33)
13.10 (2.00)
13.10 (2.00)
11.13 (2.81)
13.05 (1.87)
14.22 (1.68)
13.76 (1.53)
13.50 (1.00)
15.90 (0.73)
16.40 (0.64)
11.66 (1.77)
8.43 (1.51)
8.74 (3.35)

11.54 (1.79)
11.00 (3.80)
13.66 (1.90)
13.28 (2.65)
12.30 (2.10)
12.40 (1.38)
-11.20 (1.30)
12.90 (1.80)
-11.53 (1.42)
11.13 (1.21)
14.20 (1.80)
9.05 (2.13)

12.22 (2.06)
22.48 (2.60)
21.25 (5.05)
13.06 (1.97)
13.00 (2.30)
-14.83 (1.67)
-18.00 (1.40)
16.53 (3.48)
-11.60 (1.60)
14.80 (2.50)
15.10 (2.50)
10.26 (1.45)
12.39 (2.14)
12.39 (2.29)
11.77 (2.14)
15.78 (5.44)
11.62 (2.00)
8.90 (0.15)

16.82 (4.59)
-12.32 (1.05)

9.90 (1.70)
13.30 (0.30)
13.61 (4.74)
15.14 (3.37)
16.82 (4.43)
12.80 (2.40)
11.83 (1.70)
10.31 (2.38)
11.15 (1.42)
12.00 (3.20)
10.24 (2.91)
11.15 (2.35)
11.42 (1.54)
10.40 (1.68)
6.76 (2.01)

-14.83 (1.68)
9.62 (1.82)

11.73 (1.65)
11.86 (1.62)
10.00 (1.76)
12.30 (0.77)
-13.06 (1.02)
11.80 (0.50)
12.97 (0.36)
13.39 (0.35)
12.70 (3.67)
13.46 (2.60)
12.23 (0.46)

Mean (SD)
Control

2.87 (2.45, 3.30)
4.54 (3.17, 5.91)
1.69 (0.52, 2.86)
1.67 (1.09, 2.25)
3.85 (2.99, 4.71)
0.59 (-4.19, 5.37)
2.00 (1.33, 2.67)
1.00 (0.46, 1.54)
-0.08 (-0.38, 0.23)
0.80 (0.10, 1.50)
4.37 (3.31, 5.43)
4.11 (2.58, 5.64)
3.76 (3.22, 4.31)
2.01 (1.83, 2.19)
-0.82 (-1.39, -0.26)
-1.00 (-2.72, 0.72)
1.89 (0.88, 2.90)
-0.15 (-0.19, -0.11)
0.88 (-0.10, 1.85)
1.56 (0.85, 2.27)
0.38 (-0.20, 0.96)
3.06 (2.91, 3.21)
3.06 (2.04, 4.07)
0.68 (-1.30, 2.65)
3.70 (2.30, 5.10)
3.70 (2.38, 5.02)
1.34 (-0.30, 2.99)
5.10 (2.53, 7.67)
5.81 (2.23, 9.39)
5.35 (3.31, 7.39)
13.90 (12.56, 15.24)
2.20 (-0.49, 4.89)
-0.90 (-1.85, 0.05)
6.21 (2.40, 10.02)
0.61 (-0.06, 1.27)
3.04 (-0.15, 6.23)
5.34 (4.15, 6.54)
4.45 (2.03, 6.87)
2.78 (1.88, 3.68)
1.28 (0.13, 2.43)
6.40 (4.65, 8.15)
4.63 (3.29, 5.98)
-0.20 (-1.34, 0.94)
3.30 (0.84, 5.76)
0.20 (-1.13, 1.53)
1.09 (0.40, 1.77)
4.20 (2.44, 5.96)
11.56 (8.92, 14.20)
1.76 (-2.89, 6.41)
3.97 (-0.60, 8.54)
2.60 (-2.31, 7.51)
0.63 (-0.21, 1.47)
1.90 (0.62, 3.18)
2.58 (1.24, 3.92)
3.50 (2.12, 4.88)
-0.14 (-2.76, 2.48)
8.70 (7.05, 10.35)
8.40 (5.43, 11.37)
5.50 (3.26, 7.74)
1.75 (0.46, 3.04)
3.36 (1.88, 4.84)
2.14 (0.70, 3.58)
2.14 (0.81, 3.47)
-0.03 (-3.39, 3.33)
4.44 (3.05, 5.83)
5.12 (4.42, 5.82)
-3.06 (-7.08, 0.96)
0.23 (-0.93, 1.38)
1.70 (-0.03, 3.43)
3.20 (2.02, 4.38)
4.89 (1.90, 7.88)
5.35 (2.69, 8.01)
5.20 (1.33, 9.07)
2.40 (-0.49, 5.29)
5.93 (1.18, 10.68)
1.67 (-1.31, 4.65)
0.76 (-1.36, 2.88)
1.80 (0.82, 2.78)
1.09 (-0.54, 2.72)
11.91 (9.32, 14.51)
12.57 (10.71, 14.43)
0.85 (0.01, 1.68)
7.31 (1.54, 13.08)
1.83 (-0.16, 3.82)
2.55 (2.33, 2.77)
1.76 (0.84, 2.68)
1.12 (0.11, 2.13)
0.72 (-0.09, 1.53)
2.70 (1.12, 4.28)
-0.78 (-1.54, -0.02)
2.70 (2.24, 3.16)
0.60 (0.35, 0.85)
2.66 (2.20, 3.12)
1.99 (-1.88, 5.86)
2.75 (0.28, 5.23)
11.62 (9.31, 13.93)

(95% CI)
Effect

100.00
1.15
1.18
1.27
1.24
0.49
1.26
1.27
1.29
1.26
1.20
1.11
1.27
1.30
1.27
1.07
1.21
1.30
1.22
1.25
1.27
1.30
1.21
1.02
1.14
1.16
1.09
0.88
0.68
1.00
1.15
0.86
1.22
0.64
1.26
0.75
1.18
0.92
1.23
1.19
1.07
1.15
1.19
0.91
1.16
1.26
1.07
0.87
0.51
0.52
0.48
1.24
1.16
1.15
1.14
0.87
1.09
0.80
0.96
1.16
1.12
1.13
1.15
0.72
1.14
1.26
0.60
1.19
1.07
1.18
0.79
0.86
0.63
0.81
0.50
0.80
0.98
1.22
1.09
0.88
1.04
1.24
0.38
1.01
1.30
1.23
1.21
1.24
1.10
1.25
1.28
1.29
1.28
0.63
0.90
0.94

Weight
%

Intervention lower Intervention higher

-10 -5 0 5 10 15

Plasma/serum zinc (μmol/L)
Before and after measurement

7



(I2 = 98.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 58.4%, p = 0.008)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Prasad et al. (1996)
Bodgen et al. (1988)
Bodgen et al. (1988)
Hollingsworth et al. (1987)
Deguchi et al. (2019)
Swanson et al. (1988)
Field et al. (1987)
Field et al. (1987)
Field et al. (1987)
Elderly

(I2 = 0.0%, p = .)
Subgroup, DL
Mazaheri Nia et al. (2021)
Postmenopaulsal women

(I2 = 94.6%, p = 0.000)
Subgroup, DL
Mahajan et al. (1992)
Lukaski et al. (1984)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Heckmann et al. (2005)
Weismann et al. (1977)
Abdulla and Svensson. (1979) ( Study 2)
Abdulla and Svensson. (1979) (Study 1)
Black et al. (1988)
Black et al. (1988)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Mujica-Coopman et al. (2015)
Pinna et al. (2002)
Yadrick et al. (1989)
Allan et al. (2000)
Mesdaghinia et al. (2019)
Peretz et al. (1993)
Crouse et al. (1984)
Crouse et al. (1984)
Ahmadi et al. (2020)
Kim et al. (2014)
Ruz and Solomons (1992)
Thomas et al. (1992)
Hayee et al. (2005)
Lowe et al. (2004)
Samman and Roberts. (1987) (female)
Samman and Roberts. (1987) (male)
Donangelo et al. (2002)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Gupta et al. (1998)
Pachotikarn et al. (1985)
DiSilvestro et al. (2015)
Chung et al. (2008)
Marques et al. (2009)
Duchateau et al. (1981)
Duchateau et al. (1981) (Female 20-40 y)
Duchateau et al. (1981) (Male 20-40 y)
Gatto and Samman. (1995)
Payahoo et al. (2013)
Eskici et al. (2017)
Eskici et al. (2017)
Bogale et al. (2015)
Demetree et al. (1980)
Freeland-Graves et al. (1981)
Wessells et al. (2010)
Wessells et al. (2010)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Massih et al. (2021)
Massih et al. (2021)
Takacs et al. (2020) (Postmenopausal women)
Takacs et al. (2020) (Premenopausal women)
Farrell et al. (2011)
Adults

(I2 = 99.6%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem (2010)
Tamura et al. (1996)
Rohmawati et al. (2021)
Pregnancy and lactation

(I2 = 97.7%, p = 0.000)
Subgroup, DL
Wessells et al. (2020)
Abdollahi et al. (2019)
Hunt et al. (1985)
Kaseb et al. (2013)
Vale et al. (2014)
Leite et al. (2009)
Surono et al. (2014)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Cesur et al. (2009)
Berger et al. (2015)
Wessells et al. (2012)
Ba Lo et al. (2011)
Children and adolescents

(I2 = 94.6%, p = 0.000)
Subgroup, DL
Fahmida et al. (2007)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Infants

Population and Author, year (group)

45 mg/d Zn*
45 mg/d Zn*
30 mg/d Zn

100 mg/d Zn*
15 mg/d Zn*
100 mg/d Zn
30 mg/d Zn
30 mg/d Zn*

150 mg/d Zn
100 mg/d Zn
50 mg/d Zn

25 mg/d Zn*

depletion: 3.2 mg/d Zn
depletion: 3.6 mg/d Zn

30 mg/d Zn*
50 mg/d Zn*
20 mg/d Zn*

135 mg/d Zn*
45 mg/d Zn
135 mg/d Zn
75 mg/d Zn*
50 mg/d Zn*
4 mg/d Zn*

30 mg/d Zn*
30 mg/d Zn*
30 mg/d Zn*

depletion: 4.6 mg/d Zn
50 mg/d Zn

depletion: 4.6 mg/d Zn
30 mg/d Zn*
45 mg/d Zn

50 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
30 mg/d Zn*

depletion: 4 mg/d Zn
depletion: 3.2 mg/d Zn

150 mg/d Zn
depletion: 0.23 mg/d Zn

150 mg/d Zn
150 mg/d Zn

22 mg/d Zn
45 mg/d Zn
30 mg/d Zn

15 mg/d  Zn
150 mg/d Zn
50 mg/d Zn

60 mg/d Zn*
depletion  4 mg/day Zn + Phytic Acid

22 mg/d Zn
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
50 mg/d Zn*
30 mg/d Zn*

100 mg/d Zn
50 mg/d Zn
20 mg/d Zn*

100 mg/d Zn*
depletion: 3.2 mg/d Zn

20 mg/d Zn*
10 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
25 mg/d Zn
25 mg/d Zn
7 mg/d Zn
7 mg/d Zn

53.2 mg/d Zn

22 mg/d Zn*
25 mg/d Zn*
20 mg/d Zn*

7 mg/d Zn*
5 mg/d Zn*

20 mg/d Zn*
1 mg/d Zn*
5 mg/d Zn
5 mg/d Zn
8 mg/d Zn*

10 mg/d Zn*
1 mg/d Zn*

22 mg/d Zn*
50 mg/d Zn
9 mg/d Zn*
5 mg/d Zn*
6 mg/d Zn*

10 mg/d Zn*
3 mg/d Zn*

10 mg/d Zn*
10 mg/d Zn*

Description

104
52
26
12
12
12
12
4
4
4
4

6

24
17
15
13
12
12
12
12
12
12
12
12
12
12
10
10
10
10
9
8
8
8
8
7
6
6
6
6
6
6
6
6
6
6
6
6
6

4.3
4
4
4
4
4
4
4

3.3
3
3
3
3
2
2
2
2
2
2
2

24
17
12

36
26
19
16
13

12.9
12.9

12
12
12
8.7

4
3

2.1

26.1
26
24
24

Weeks

2598

184
38
24
5

32
36
8
9

17
5
5
5

57
57

865
8
5

18
40
24
13
7
7
9

13
24
27
22
26
8
9
7

26
9

12
11
40
20
15
5

20
5

20
21
11
15
15
15
20
23
10
9
7

20
20
20
10
30
10
10
24
5
6

16
17
10
11
16
17
10
12
5

155
50
70
35

1127
134
272
56
48
40
42
12
31
39
21
29
75

295
33

210
25
80
53
52

N

16.62 (4.02)
15.90 (2.55)
18.07 (5.22)
16.80 (3.50)
16.80 (3.50)
20.03 (4.89)
17.87 (5.56)
16.50 (2.47)
17.76 (5.15)
11.98 (2.43)
11.91 (1.96)

14.02 (2.70)

-14.14 (1.33)
-11.57 (0.51)
11.53 (1.25)
13.64 (1.22)
12.47 (3.00)
18.15 (4.49)
19.11 (2.29)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
-11.40 (1.00)
16.20 (3.30)
-11.33 (1.09)
12.22 (1.30)
18.40 (2.00)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
-12.25 (2.05)
-14.50 (0.72)
16.39 (4.85)
-2.90 (1.00)
23.20 (6.30)
20.60 (4.60)
12.01 (1.64)
15.75 (1.99)
14.53 (1.68)
13.91 (1.53)
15.75 (5.40)
16.06 (2.75)
13.76 (4.59)
-12.10 (1.42)
11.60 (1.60)
18.50 (4.90)
20.49 (5.05)
22.02 (7.65)
15.20 (4.00)
11.33 (3.52)
23.06 (3.46)
23.99 (2.58)
11.25 (1.22)
14.07 (6.27)
-13.00 (1.83)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)
13.56 (0.36)
16.06 (0.90)
14.68 (5.05)
16.21 (3.52)
23.85 (2.60)

11.56 (0.37)
9.10 (0.17)
9.04 (1.32)

10.05 (2.83)
12.23 (2.02)
9.68 (1.41)

11.86 (2.45)
18.66 (0.46)
18.66 (2.98)
11.46 (2.61)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
20.61 (6.94)
13.80 (2.94)
12.17 (0.67)
10.72 (1.58)

19.15 (1.55)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)

Mean (SD)
Treatment

2701

187
38
24
8

32
36
8
9

17
5
5
5

58
58

872
8
5

18
40
24
20
7
7
9

13
24
27
22
26
8
9
7

26
9

12
11
40
20
15
5

20
5

20
21
11
15
15
15
20
23
10
9
7

20
20
20
10
30
10
10
24
5
6

16
17
10
11
16
17
10
12
5

155
50
70
35

1201
136
344
56
48
40
42
12
31
39
21
29
75

295
33

228
25
91
54
58

N

12.08 (1.53)
14.21 (1.44)
17.48 (1.98)
13.10 (2.00)
13.10 (2.00)
14.22 (1.68)
11.66 (1.77)
13.30 (0.30)
11.83 (1.70)
10.31 (2.38)
11.15 (1.42)

8.90 (0.15)

-18.25 (1.77)
-13.46 (1.03)

9.97 (0.90)
13.26 (1.41)
11.13 (2.81)
13.05 (1.87)
13.76 (1.53)
13.50 (1.00)
15.90 (0.73)
16.40 (0.64)
8.74 (3.35)

11.54 (1.79)
11.00 (3.80)
12.40 (1.38)
-11.20 (1.30)
12.90 (1.80)
-11.53 (1.42)
11.13 (1.21)
14.20 (1.80)
22.48 (2.60)
21.25 (5.05)
13.06 (1.97)
13.00 (2.30)
-14.83 (1.67)
-18.00 (1.40)
16.53 (3.48)
-11.60 (1.60)
14.80 (2.50)
15.10 (2.50)
10.26 (1.45)
12.39 (2.14)
12.39 (2.29)
11.77 (2.14)
15.78 (5.44)
11.62 (2.00)
16.82 (4.59)
-12.32 (1.05)

9.90 (1.70)
13.61 (4.74)
15.14 (3.37)
16.82 (4.43)
12.80 (2.40)
10.24 (2.91)
11.15 (2.35)
11.42 (1.54)
10.40 (1.68)
6.76 (2.01)

-14.83 (1.68)
11.73 (1.65)
11.86 (1.62)
12.30 (0.77)
11.80 (0.50)
12.97 (0.36)
13.39 (0.35)
12.70 (3.67)
13.46 (2.60)
12.23 (0.46)

9.55 (0.52)
9.25 (0.02)
8.43 (1.51)

8.38 (1.99)
12.31 (1.77)
10.50 (1.65)
10.98 (2.42)
15.60 (0.15)
15.60 (1.54)
10.78 (2.33)
13.66 (1.90)
13.28 (2.65)
12.30 (2.10)
9.05 (2.13)

12.00 (3.20)
9.62 (1.82)

10.00 (1.76)

15.30 (1.55)
11.71 (2.26)
10.23 (2.02)
10.38 (2.05)

Mean (SD)
Control

3.01 (2.57, 3.46)

3.23 (2.31, 4.16)
4.54 (3.17, 5.91)
1.69 (0.52, 2.86)
0.59 (-4.19, 5.37)
3.70 (2.30, 5.10)
3.70 (2.38, 5.02)
5.81 (2.23, 9.39)
6.21 (2.40, 10.02)
3.20 (2.02, 4.38)
5.93 (1.18, 10.68)
1.67 (-1.31, 4.65)
0.76 (-1.36, 2.88)

5.12 (4.42, 5.82)
5.12 (4.42, 5.82)

3.28 (2.62, 3.94)
4.11 (2.58, 5.64)
1.89 (0.88, 2.90)
1.56 (0.85, 2.27)
0.38 (-0.20, 0.96)
1.34 (-0.30, 2.99)
5.10 (2.53, 7.67)
5.35 (3.31, 7.39)
13.90 (12.56, 15.24)
2.20 (-0.49, 4.89)
-0.90 (-1.85, 0.05)
3.04 (-0.15, 6.23)
5.34 (4.15, 6.54)
4.45 (2.03, 6.87)
4.63 (3.29, 5.98)
-0.20 (-1.34, 0.94)
3.30 (0.84, 5.76)
0.20 (-1.13, 1.53)
1.09 (0.40, 1.77)
4.20 (2.44, 5.96)
3.97 (-0.60, 8.54)
2.60 (-2.31, 7.51)
0.63 (-0.21, 1.47)
1.90 (0.62, 3.18)
2.58 (1.24, 3.92)
3.50 (2.12, 4.88)
-0.14 (-2.76, 2.48)
8.70 (7.05, 10.35)
8.40 (5.43, 11.37)
5.50 (3.26, 7.74)
1.75 (0.46, 3.04)
3.36 (1.88, 4.84)
2.14 (0.70, 3.58)
2.14 (0.81, 3.47)
-0.03 (-3.39, 3.33)
4.44 (3.05, 5.83)
-3.06 (-7.08, 0.96)
0.23 (-0.93, 1.38)
1.70 (-0.03, 3.43)
4.89 (1.90, 7.88)
5.35 (2.69, 8.01)
5.20 (1.33, 9.07)
2.40 (-0.49, 5.29)
1.09 (-0.54, 2.72)
11.91 (9.32, 14.51)
12.57 (10.71, 14.43)
0.85 (0.01, 1.68)
7.31 (1.54, 13.08)
1.83 (-0.16, 3.82)
1.76 (0.84, 2.68)
1.12 (0.11, 2.13)
2.70 (1.12, 4.28)
2.70 (2.24, 3.16)
0.60 (0.35, 0.85)
2.66 (2.20, 3.12)
1.99 (-1.88, 5.86)
2.75 (0.28, 5.23)
11.62 (9.31, 13.93)

0.82 (-0.86, 2.51)
2.01 (1.83, 2.19)
-0.15 (-0.19, -0.11)
0.61 (-0.06, 1.27)

2.24 (1.38, 3.09)
1.67 (1.09, 2.25)
-0.08 (-0.38, 0.23)
-0.82 (-1.39, -0.26)
0.88 (-0.10, 1.85)
3.06 (2.91, 3.21)
3.06 (2.04, 4.07)
0.68 (-1.30, 2.65)
2.78 (1.88, 3.68)
1.28 (0.13, 2.43)
6.40 (4.65, 8.15)
11.56 (8.92, 14.20)
1.80 (0.82, 2.78)
2.55 (2.33, 2.77)
0.72 (-0.09, 1.53)

3.18 (1.55, 4.81)
3.85 (2.99, 4.71)
0.80 (0.10, 1.50)
4.37 (3.31, 5.43)
3.76 (3.22, 4.31)

(95% CI)
Effect

100.00
13.27
14.38
3.11

13.11
13.56
4.90
4.47

14.33
3.13
6.34
9.41

100.00
100.00

100.00
1.89
2.01
2.06
2.08
1.86
1.59
1.75
1.94
1.56
2.02
1.41
1.97
1.64
1.94
1.98
1.63
1.94
2.06
1.83
1.04
0.97
2.04
1.95
1.94
1.93
1.58
1.86
1.47
1.69
1.95
1.91
1.92
1.94
1.36
1.93
1.18
1.98
1.84
1.47
1.57
1.22
1.50
1.87
1.59
1.80
2.04
0.80
1.77
2.03
2.01
1.88
2.09
2.10
2.09
1.22
1.62
1.67

100.00
33.81
33.93
32.25

100.00
7.80
8.02
7.82
7.33
8.08
7.27
5.65
7.43
7.06
6.05
4.57
7.31
8.05
7.55

100.00
24.79
25.39
23.94
25.87

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by population
Before and after measurement
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(I2 = 98.1%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.688

(I2 = 95.9%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Wessells et al. (2020)
Fahmida et al. (2007)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Vale et al. (2014)
Leite et al. (2009)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Hollingsworth et al. (1987)
Abdulla and Svensson. (1979) ( Study 2)
Abdulla and Svensson. (1979) (Study 1)
Deguchi et al. (2019)
Yosaee et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Peretz et al. (1993)
Cesur et al. (2009)
Palin et al. (1979)
Ahmadi et al. (2020)
Hayee et al. (2005)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Gupta et al. (1998)
Swanson et al. (1988)
Payahoo et al. (2013)
Wessells et al. (2012)
Ba Lo et al. (2011)
Bales et al. (1994)
Farrell et al. (2011)
Mixed

(I2 = 98.0%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Milne et al. (1987)
Tamura et al. (1996)
Ayatollahi et al. (2022)
Rohmawati et al. (2021)
Jafari et al. (2020)
Mujica-Coopman et al. (2015)
Yadrick et al. (1989)
Mesdaghinia et al. (2019)
Kim et al. (2014)
Samman and Roberts. (1987) (female)
Donangelo et al. (2002)
Mazaheri Nia et al. (2021)
DiSilvestro et al. (2015)
Duchateau et al. (1981)
Duchateau et al. (1981) (Female 20-40 y)
Field et al. (1987)
Field et al. (1987)
Field et al. (1987)
Berger et al. (2015)
Eskici et al. (2017)
Eskici et al. (2017)
Bogale et al. (2015)
Freeland-Graves et al. (1981)
Takacs et al. (2020) (Postmenopausal women)
Takacs et al. (2020) (Premenopausal women)
Females

(I2 = 91.9%, p = 0.000)
Subgroup, DL
Prasad et al. (1996)
Mahajan et al. (1992)
Lukaski et al. (1984)
Black et al. (1988)
Black et al. (1988)
Fernandes de Oliveira et al. (2009)
Pinna et al. (2002)
Allan et al. (2000)
Crouse et al. (1984)
Crouse et al. (1984)
Ruz and Solomons (1992)
Thomas et al. (1992)
Lowe et al. (2004)
Samman and Roberts. (1987) (male)
Pachotikarn et al. (1985)
Chung et al. (2008)
Marques et al. (2009)
Duchateau et al. (1981) (Male 20-40 y)
Gatto and Samman. (1995)
Demetree et al. (1980)
Wessells et al. (2010)
Wessells et al. (2010)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Massih et al. (2021)
Massih et al. (2021)
Males

Sex and Author, year (group)

45 mg/d Zn*
45 mg/d Zn*
7 mg/d Zn*

10 mg/d Zn*
30 mg/d Zn*
15 mg/d Zn*
5 mg/d Zn*
3 mg/d Zn*

10 mg/d Zn*
10 mg/d Zn*
1 mg/d Zn*

30 mg/d Zn*
5 mg/d Zn
5 mg/d Zn
8 mg/d Zn*

100 mg/d Zn*
15 mg/d Zn*
20 mg/d Zn*

135 mg/d Zn*
100 mg/d Zn
45 mg/d Zn
135 mg/d Zn
30 mg/d Zn
4 mg/d Zn*

30 mg/d Zn*
10 mg/d Zn*
1 mg/d Zn*
45 mg/d Zn
50 mg/d Zn
23 mg/d Zn*
50 mg/d Zn*
150 mg/d Zn
45 mg/d Zn
30 mg/d Zn

15 mg/d  Zn
150 mg/d Zn
30 mg/d Zn*
30 mg/d Zn*
5 mg/d Zn*
6 mg/d Zn*

depletion: 3.97 mg/d Zn
53.2 mg/d Zn

22 mg/d Zn*
20 mg/d Zn*

depletion: 2.6 mg/d Zn
25 mg/d Zn*
50 mg/d Zn*
20 mg/d Zn*
30 mg/d Zn*
30 mg/d Zn*
50 mg/d Zn

30 mg/d Zn*
30 mg/d Zn*

150 mg/d Zn
22 mg/d Zn

25 mg/d Zn*
60 mg/d Zn*
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
100 mg/d Zn
50 mg/d Zn
9 mg/d Zn*

100 mg/d Zn
50 mg/d Zn
20 mg/d Zn*

depletion: 3.2 mg/d Zn
7 mg/d Zn
7 mg/d Zn

30 mg/d Zn
depletion: 3.2 mg/d Zn
depletion: 3.6 mg/d Zn

75 mg/d Zn*
50 mg/d Zn*
22 mg/d Zn*

depletion: 4.6 mg/d Zn
depletion: 4.6 mg/d Zn

50 mg/d Zn*
50 mg/d Zn*

depletion: 4 mg/d Zn
depletion: 3.2 mg/d Zn

depletion: 0.23 mg/d Zn
150 mg/d Zn

50 mg/d Zn
depletion  4 mg/day Zn + Phytic Acid

22 mg/d Zn
150 mg/d Zn
50 mg/d Zn*

100 mg/d Zn*
20 mg/d Zn*
10 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
25 mg/d Zn
25 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
24
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
9

8.7
8
8
6
6
6
6
6
4
4
3

2.1
2
2

24
19
17
17
13
12
12
12
10
10
8
6
6
6
6
4
4
4
4
4
4
4
4

3.3
3
2
2

26
24
17
12
12
12
10
10
8
8
7
6
6
6
6
6

4.3
4
4
3
3
3
2
2
2
2

Weeks

2882

1912
38
24

134
25

131
126
272
80
53
52
48
18
40
42
12
32
36
24
13
8
7
7
9

24
22
31
39
9

29
7

40
20
15
15
15
20
17
30

295
33
15
5

664
50
56
5

70
40
35
27
26
9

26
20
20
11
57
10
20
20
5
5
5

75
10
10
24
6

10
12

306
5
8
5
9

13
21
8
7

12
11
15
5
5

21
23
9
7

20
10
5

16
17
10
11
16
17

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.86 (2.45)
11.53 (1.25)
18.66 (0.46)
18.66 (2.98)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
20.03 (4.89)
19.11 (2.29)
27.40 (1.50)
17.87 (5.56)
11.78 (7.23)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.40 (2.00)
20.61 (6.94)
13.98 (5.93)
13.69 (1.87)
16.39 (4.85)
15.75 (1.99)
14.53 (1.68)
13.91 (1.53)
15.75 (5.40)
16.50 (2.47)
11.33 (3.52)
12.17 (0.67)
10.72 (1.58)
-13.84 (1.11)
23.85 (2.60)

11.56 (0.37)
9.68 (1.41)

-12.90 (1.73)
9.10 (0.17)

13.64 (1.22)
9.04 (1.32)

16.88 (2.62)
17.03 (3.23)
16.20 (3.30)
12.22 (1.30)
14.90 (1.80)
23.20 (6.30)
12.01 (1.64)
14.02 (2.70)
13.76 (4.59)
18.50 (4.90)
20.49 (5.05)
17.76 (5.15)
11.98 (2.43)
11.91 (1.96)
13.80 (2.94)
23.06 (3.46)
23.99 (2.58)
11.25 (1.22)
-13.00 (1.83)
14.68 (5.05)
16.21 (3.52)

18.07 (5.22)
-14.14 (1.33)
-11.57 (0.51)
18.10 (4.05)
15.50 (1.62)
18.70 (3.50)
-11.40 (1.00)
-11.33 (1.09)
26.45 (7.65)
23.85 (6.60)
-12.25 (2.05)
-14.50 (0.72)
-2.90 (1.00)
20.60 (4.60)
16.06 (2.75)
-12.10 (1.42)
11.60 (1.60)
22.02 (7.65)
15.20 (4.00)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)
13.56 (0.36)
16.06 (0.90)

Mean (SD)
Treatment

2985

2011
38
24

136
25

131
126
344
91
54
58
48
18
40
42
12
32
36
24
20
8
7
7
9

24
22
31
39
9

29
7

40
20
15
15
15
20
17
30

295
33
15
5

665
50
56
5

70
40
35
27
26
9

26
20
20
11
58
10
20
20
5
5
5

75
10
10
24
6

10
12

309
8
8
5
9

13
21
8
7

12
11
15
5
5

21
23
9
7

20
10
5

16
17
10
11
16
17

N

12.08 (1.53)
14.21 (1.44)
8.38 (1.99)

15.30 (1.55)
13.10 (1.50)
13.00 (1.70)
12.31 (1.77)
11.71 (2.26)
10.23 (2.02)
10.38 (2.05)
10.98 (2.42)
9.97 (0.90)

15.60 (0.15)
15.60 (1.54)
10.78 (2.33)
13.10 (2.00)
13.10 (2.00)
11.13 (2.81)
13.05 (1.87)
14.22 (1.68)
13.76 (1.53)
13.50 (1.00)
11.66 (1.77)
8.74 (3.35)

11.00 (3.80)
13.66 (1.90)
13.28 (2.65)
14.20 (1.80)
9.05 (2.13)

12.22 (2.06)
13.06 (1.97)
16.53 (3.48)
12.39 (2.14)
12.39 (2.29)
11.77 (2.14)
15.78 (5.44)
13.30 (0.30)
10.24 (2.91)
9.62 (1.82)

10.00 (1.76)
-13.06 (1.02)
12.23 (0.46)

9.55 (0.52)
10.50 (1.65)
-11.90 (0.92)

9.25 (0.02)
13.26 (1.41)
8.43 (1.51)

11.54 (1.79)
12.40 (1.38)
12.90 (1.80)
11.13 (1.21)
13.00 (2.30)
14.80 (2.50)
10.26 (1.45)
8.90 (0.15)

16.82 (4.59)
13.61 (4.74)
15.14 (3.37)
11.83 (1.70)
10.31 (2.38)
11.15 (1.42)
12.00 (3.20)
11.15 (2.35)
11.42 (1.54)
10.40 (1.68)
-14.83 (1.68)
12.70 (3.67)
13.46 (2.60)

17.48 (1.98)
-18.25 (1.77)
-13.46 (1.03)
15.90 (0.73)
16.40 (0.64)
12.30 (2.10)
-11.20 (1.30)
-11.53 (1.42)
22.48 (2.60)
21.25 (5.05)
-14.83 (1.67)
-18.00 (1.40)
-11.60 (1.60)
15.10 (2.50)
11.62 (2.00)
-12.32 (1.05)

9.90 (1.70)
16.82 (4.43)
12.80 (2.40)
6.76 (2.01)

11.73 (1.65)
11.86 (1.62)
12.30 (0.77)
11.80 (0.50)
12.97 (0.36)
13.39 (0.35)

Mean (SD)
Control

2.87 (2.45, 3.30)

3.00 (2.43, 3.57)
4.54 (3.17, 5.91)
1.69 (0.52, 2.86)
1.67 (1.09, 2.25)
3.85 (2.99, 4.71)
2.00 (1.33, 2.67)
1.00 (0.46, 1.54)
-0.08 (-0.38, 0.23)
0.80 (0.10, 1.50)
4.37 (3.31, 5.43)
3.76 (3.22, 4.31)
0.88 (-0.10, 1.85)
1.56 (0.85, 2.27)
3.06 (2.91, 3.21)
3.06 (2.04, 4.07)
0.68 (-1.30, 2.65)
3.70 (2.30, 5.10)
3.70 (2.38, 5.02)
1.34 (-0.30, 2.99)
5.10 (2.53, 7.67)
5.81 (2.23, 9.39)
5.35 (3.31, 7.39)
13.90 (12.56, 15.24)
6.21 (2.40, 10.02)
3.04 (-0.15, 6.23)
4.45 (2.03, 6.87)
2.78 (1.88, 3.68)
1.28 (0.13, 2.43)
4.20 (2.44, 5.96)
11.56 (8.92, 14.20)
1.76 (-2.89, 6.41)
0.63 (-0.21, 1.47)
-0.14 (-2.76, 2.48)
3.36 (1.88, 4.84)
2.14 (0.70, 3.58)
2.14 (0.81, 3.47)
-0.03 (-3.39, 3.33)
3.20 (2.02, 4.38)
1.09 (-0.54, 2.72)
2.55 (2.33, 2.77)
0.72 (-0.09, 1.53)
-0.78 (-1.54, -0.02)
11.62 (9.31, 13.93)

2.82 (2.05, 3.60)
2.01 (1.83, 2.19)
-0.82 (-1.39, -0.26)
-1.00 (-2.72, 0.72)
-0.15 (-0.19, -0.11)
0.38 (-0.20, 0.96)
0.61 (-0.06, 1.27)
5.34 (4.15, 6.54)
4.63 (3.29, 5.98)
3.30 (0.84, 5.76)
1.09 (0.40, 1.77)
1.90 (0.62, 3.18)
8.40 (5.43, 11.37)
1.75 (0.46, 3.04)
5.12 (4.42, 5.82)
-3.06 (-7.08, 0.96)
4.89 (1.90, 7.88)
5.35 (2.69, 8.01)
5.93 (1.18, 10.68)
1.67 (-1.31, 4.65)
0.76 (-1.36, 2.88)
1.80 (0.82, 2.78)
11.91 (9.32, 14.51)
12.57 (10.71, 14.43)
0.85 (0.01, 1.68)
1.83 (-0.16, 3.82)
1.99 (-1.88, 5.86)
2.75 (0.28, 5.23)

2.59 (1.85, 3.33)
0.59 (-4.19, 5.37)
4.11 (2.58, 5.64)
1.89 (0.88, 2.90)
2.20 (-0.49, 4.89)
-0.90 (-1.85, 0.05)
6.40 (4.65, 8.15)
-0.20 (-1.34, 0.94)
0.20 (-1.13, 1.53)
3.97 (-0.60, 8.54)
2.60 (-2.31, 7.51)
2.58 (1.24, 3.92)
3.50 (2.12, 4.88)
8.70 (7.05, 10.35)
5.50 (3.26, 7.74)
4.44 (3.05, 5.83)
0.23 (-0.93, 1.38)
1.70 (-0.03, 3.43)
5.20 (1.33, 9.07)
2.40 (-0.49, 5.29)
7.31 (1.54, 13.08)
1.76 (0.84, 2.68)
1.12 (0.11, 2.13)
2.70 (1.12, 4.28)
2.70 (2.24, 3.16)
0.60 (0.35, 0.85)
2.66 (2.20, 3.12)

(95% CI)
Effect

100.00
2.50
2.60
2.84
2.74
2.81
2.85
2.90
2.80
2.66
2.85
2.70
2.80
2.92
2.68
2.16
2.49
2.53
2.35
1.83
1.36
2.13
2.52
1.27
1.53
1.92
2.73
2.61
2.29
1.79
0.99
2.75
1.81
2.44
2.47
2.52
1.45
2.60
2.36
2.91
2.76
2.78
1.97

100.00
4.74
4.63
3.86
4.75
4.63
4.59
4.27
4.16
3.23
4.58
4.21
2.81
4.20
4.57
2.09
2.79
3.05
1.71
2.80
3.51
4.42
3.11
3.74
4.51
3.63
2.18
3.21

100.00
1.63
4.25
4.75
3.08
4.80
4.03
4.64
4.46
1.73
1.57
4.45
4.41
4.13
3.52
4.40
4.62
4.05
2.13
2.89
1.24
4.83
4.75
4.21
5.11
5.19
5.11

Weight
%

Intervention lower Intervention higher

-10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by sex
Before and after measurement
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(I2 = 98.1%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.721

(I2 = 98.1%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Prasad et al. (2007)
Fahmida et al. (2007)
Prasad et al. (1996)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Mahajan et al. (1992)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Milne et al. (1987)
Lukaski et al. (1984)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Vale et al. (2014)
Leite et al. (2009)
Surono et al. (2014)
Bodgen et al. (1988)
Bodgen et al. (1988)
Heckmann et al. (2005)
Weismann et al. (1977)
Hollingsworth et al. (1987)
Abdulla and Svensson. (1979) ( Study 2)
Abdulla and Svensson. (1979) (Study 1)
Black et al. (1988)
Black et al. (1988)
Deguchi et al. (2019)
Rohmawati et al. (2021)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Gülsan et al. (2013)
Fernandes de Oliveira et al. (2009)
Mujica-Coopman et al. (2015)
Pinna et al. (2002)
Yadrick et al. (1989)
Allan et al. (2000)
Mesdaghinia et al. (2019)
Peretz et al. (1993)
Cesur et al. (2009)
Palin et al. (1979)
Ahmadi et al. (2020)
Kim et al. (2014)
Ruz and Solomons (1992)
Thomas et al. (1992)
Hayee et al. (2005)
Lowe et al. (2004)
Samman and Roberts. (1987) (female)
Samman and Roberts. (1987) (male)
Donangelo et al. (2002)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Gupta et al. (1998)
Pachotikarn et al. (1985)
DiSilvestro et al. (2015)
Chung et al. (2008)
Marques et al. (2009)
Swanson et al. (1988)
Duchateau et al. (1981)
Duchateau et al. (1981) (Female 20-40 y)
Duchateau et al. (1981) (Male 20-40 y)
Gatto and Samman. (1995)
Field et al. (1987)
Field et al. (1987)
Field et al. (1987)
Berger et al. (2015)
Payahoo et al. (2013)
Eskici et al. (2017)
Eskici et al. (2017)
Bogale et al. (2015)
Demetree et al. (1980)
Freeland-Graves et al. (1981)
Wessells et al. (2012)
Ba Lo et al. (2011)
Sullivan and Cousins (1997)
Bales et al. (1994)
Sullivan et al. (1998)
Massih et al. (2021)
Massih et al. (2021)
Takacs et al. (2020) (Postmenopausal women)
Takacs et al. (2020) (Premenopausal women)
Farrell et al. (2011)
Normal

(I2 = 92.9%, p = 0.000)
Subgroup, DL
Wessells et al. (2020)
Crouse et al. (1984)
Crouse et al. (1984)
Mazaheri Nia et al. (2021)
Wessells et al. (2010)
Wessells et al. (2010)
Low

Author, year (group)
Status at baseline and

45 mg/d Zn*
45 mg/d Zn*
10 mg/d Zn*
30 mg/d Zn

30 mg/d Zn*
15 mg/d Zn*
5 mg/d Zn*
3 mg/d Zn*

10 mg/d Zn*
depletion: 3.2 mg/d Zn

10 mg/d Zn*
22 mg/d Zn*
20 mg/d Zn*

depletion: 2.6 mg/d Zn
depletion: 3.6 mg/d Zn

25 mg/d Zn*
1 mg/d Zn*

30 mg/d Zn*
50 mg/d Zn*
5 mg/d Zn
5 mg/d Zn
8 mg/d Zn*

100 mg/d Zn*
15 mg/d Zn*
20 mg/d Zn*

135 mg/d Zn*
100 mg/d Zn
45 mg/d Zn
135 mg/d Zn
75 mg/d Zn*
50 mg/d Zn*
30 mg/d Zn
20 mg/d Zn*
4 mg/d Zn*

30 mg/d Zn*
30 mg/d Zn*
10 mg/d Zn*
1 mg/d Zn*

22 mg/d Zn*
30 mg/d Zn*

depletion: 4.6 mg/d Zn
50 mg/d Zn

depletion: 4.6 mg/d Zn
30 mg/d Zn*
45 mg/d Zn
50 mg/d Zn
23 mg/d Zn*
50 mg/d Zn*
30 mg/d Zn*

depletion: 4 mg/d Zn
depletion: 3.2 mg/d Zn

150 mg/d Zn
depletion: 0.23 mg/d Zn

150 mg/d Zn
150 mg/d Zn

22 mg/d Zn
45 mg/d Zn
30 mg/d Zn

15 mg/d  Zn
150 mg/d Zn
50 mg/d Zn

60 mg/d Zn*
depletion  4 mg/day Zn + Phytic Acid

22 mg/d Zn
30 mg/d Zn*
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
50 mg/d Zn*

150 mg/d Zn
100 mg/d Zn
50 mg/d Zn
9 mg/d Zn*

30 mg/d Zn*
100 mg/d Zn
50 mg/d Zn
20 mg/d Zn*

100 mg/d Zn*
depletion: 3.2 mg/d Zn

5 mg/d Zn*
6 mg/d Zn*

50 mg/d Zn*
depletion: 3.97 mg/d Zn

50 mg/d Zn*
25 mg/d Zn
25 mg/d Zn
7 mg/d Zn
7 mg/d Zn

53.2 mg/d Zn

7 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
25 mg/d Zn*
20 mg/d Zn*
10 mg/d Zn*

Description

104
52

26.1
26
26
26
26
26
24
24
24
24
19
17
17
17
16
15
13
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
10
10
10
9

8.7
8
8
8
7
6
6
6
6
6
6
6
6
6
6
6
6
6

4.3
4
4
4
4
4
4
4
4
4
4
4
4

3.3
3
3
3

2.1
2
2
2
2
2
2
2
2

36
8
8
6
3
3

Weeks

2882

2635
38
24
25
5

131
126
272
80
53
8

52
50
56
5
5

70
48
18
40
40
42
12
32
36
24
13
8
7
7
9

13
9

35
24
27
22
31
39
21
26
8
9
7

26
9

29
7

40
20
15
5

20
5

20
21
11
15
15
15
20
23
10
9
7

17
20
20
20
10
5
5
5

75
30
10
10
24
5
6

295
33
10
15
11
16
17
10
12
5

247
134
12
11
57
16
17

N

16.62 (4.02)
15.90 (2.55)
19.15 (1.55)
18.07 (5.22)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
-14.14 (1.33)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)

-12.90 (1.73)
-11.57 (0.51)

9.10 (0.17)
11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
18.66 (0.46)
18.66 (2.98)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
20.03 (4.89)
19.11 (2.29)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
17.87 (5.56)
9.04 (1.32)

11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
-11.40 (1.00)
16.20 (3.30)
-11.33 (1.09)
12.22 (1.30)
18.40 (2.00)
20.61 (6.94)
13.98 (5.93)
13.69 (1.87)
14.90 (1.80)
-12.25 (2.05)
-14.50 (0.72)
16.39 (4.85)
-2.90 (1.00)
23.20 (6.30)
20.60 (4.60)
12.01 (1.64)
15.75 (1.99)
14.53 (1.68)
13.91 (1.53)
15.75 (5.40)
16.06 (2.75)
13.76 (4.59)
-12.10 (1.42)
11.60 (1.60)
16.50 (2.47)
18.50 (4.90)
20.49 (5.05)
22.02 (7.65)
15.20 (4.00)
17.76 (5.15)
11.98 (2.43)
11.91 (1.96)
13.80 (2.94)
11.33 (3.52)
23.06 (3.46)
23.99 (2.58)
11.25 (1.22)
14.07 (6.27)
-13.00 (1.83)
12.17 (0.67)
10.72 (1.58)
15.00 (2.43)
-13.84 (1.11)
14.50 (0.60)
13.56 (0.36)
16.06 (0.90)
14.68 (5.05)
16.21 (3.52)
23.85 (2.60)

10.05 (2.83)
26.45 (7.65)
23.85 (6.60)
14.02 (2.70)
13.49 (0.88)
12.98 (1.36)

Mean (SD)
Treatment

2985

2735
38
24
25
8

131
126
344
91
54
8

58
50
56
5
5

70
48
18
40
40
42
12
32
36
24
20
8
7
7
9

13
9

35
24
27
22
31
39
21
26
8
9
7

26
9

29
7

40
20
15
5

20
5

20
21
11
15
15
15
20
23
10
9
7

17
20
20
20
10
5
5
5

75
30
10
10
24
5
6

295
33
10
15
11
16
17
10
12
5

250
136
12
11
58
16
17

N

12.08 (1.53)
14.21 (1.44)
15.30 (1.55)
17.48 (1.98)
13.10 (1.50)
13.00 (1.70)
12.31 (1.77)
11.71 (2.26)
10.23 (2.02)
-18.25 (1.77)
10.38 (2.05)
9.55 (0.52)

10.50 (1.65)
-11.90 (0.92)
-13.46 (1.03)

9.25 (0.02)
10.98 (2.42)
9.97 (0.90)

13.26 (1.41)
15.60 (0.15)
15.60 (1.54)
10.78 (2.33)
13.10 (2.00)
13.10 (2.00)
11.13 (2.81)
13.05 (1.87)
14.22 (1.68)
13.76 (1.53)
13.50 (1.00)
15.90 (0.73)
16.40 (0.64)
11.66 (1.77)
8.43 (1.51)
8.74 (3.35)

11.54 (1.79)
11.00 (3.80)
13.66 (1.90)
13.28 (2.65)
12.30 (2.10)
12.40 (1.38)
-11.20 (1.30)
12.90 (1.80)
-11.53 (1.42)
11.13 (1.21)
14.20 (1.80)
9.05 (2.13)

12.22 (2.06)
13.06 (1.97)
13.00 (2.30)
-14.83 (1.67)
-18.00 (1.40)
16.53 (3.48)
-11.60 (1.60)
14.80 (2.50)
15.10 (2.50)
10.26 (1.45)
12.39 (2.14)
12.39 (2.29)
11.77 (2.14)
15.78 (5.44)
11.62 (2.00)
16.82 (4.59)
-12.32 (1.05)

9.90 (1.70)
13.30 (0.30)
13.61 (4.74)
15.14 (3.37)
16.82 (4.43)
12.80 (2.40)
11.83 (1.70)
10.31 (2.38)
11.15 (1.42)
12.00 (3.20)
10.24 (2.91)
11.15 (2.35)
11.42 (1.54)
10.40 (1.68)
6.76 (2.01)

-14.83 (1.68)
9.62 (1.82)

10.00 (1.76)
12.30 (0.77)
-13.06 (1.02)
11.80 (0.50)
12.97 (0.36)
13.39 (0.35)
12.70 (3.67)
13.46 (2.60)
12.23 (0.46)

8.38 (1.99)
22.48 (2.60)
21.25 (5.05)
8.90 (0.15)

11.73 (1.65)
11.86 (1.62)

Mean (SD)
Control

2.87 (2.45, 3.30)

2.89 (2.45, 3.33)
4.54 (3.17, 5.91)
1.69 (0.52, 2.86)
3.85 (2.99, 4.71)
0.59 (-4.19, 5.37)
2.00 (1.33, 2.67)
1.00 (0.46, 1.54)
-0.08 (-0.38, 0.23)
0.80 (0.10, 1.50)
4.37 (3.31, 5.43)
4.11 (2.58, 5.64)
3.76 (3.22, 4.31)
2.01 (1.83, 2.19)
-0.82 (-1.39, -0.26)
-1.00 (-2.72, 0.72)
1.89 (0.88, 2.90)
-0.15 (-0.19, -0.11)
0.88 (-0.10, 1.85)
1.56 (0.85, 2.27)
0.38 (-0.20, 0.96)
3.06 (2.91, 3.21)
3.06 (2.04, 4.07)
0.68 (-1.30, 2.65)
3.70 (2.30, 5.10)
3.70 (2.38, 5.02)
1.34 (-0.30, 2.99)
5.10 (2.53, 7.67)
5.81 (2.23, 9.39)
5.35 (3.31, 7.39)
13.90 (12.56, 15.24)
2.20 (-0.49, 4.89)
-0.90 (-1.85, 0.05)
6.21 (2.40, 10.02)
0.61 (-0.06, 1.27)
3.04 (-0.15, 6.23)
5.34 (4.15, 6.54)
4.45 (2.03, 6.87)
2.78 (1.88, 3.68)
1.28 (0.13, 2.43)
6.40 (4.65, 8.15)
4.63 (3.29, 5.98)
-0.20 (-1.34, 0.94)
3.30 (0.84, 5.76)
0.20 (-1.13, 1.53)
1.09 (0.40, 1.77)
4.20 (2.44, 5.96)
11.56 (8.92, 14.20)
1.76 (-2.89, 6.41)
0.63 (-0.21, 1.47)
1.90 (0.62, 3.18)
2.58 (1.24, 3.92)
3.50 (2.12, 4.88)
-0.14 (-2.76, 2.48)
8.70 (7.05, 10.35)
8.40 (5.43, 11.37)
5.50 (3.26, 7.74)
1.75 (0.46, 3.04)
3.36 (1.88, 4.84)
2.14 (0.70, 3.58)
2.14 (0.81, 3.47)
-0.03 (-3.39, 3.33)
4.44 (3.05, 5.83)
-3.06 (-7.08, 0.96)
0.23 (-0.93, 1.38)
1.70 (-0.03, 3.43)
3.20 (2.02, 4.38)
4.89 (1.90, 7.88)
5.35 (2.69, 8.01)
5.20 (1.33, 9.07)
2.40 (-0.49, 5.29)
5.93 (1.18, 10.68)
1.67 (-1.31, 4.65)
0.76 (-1.36, 2.88)
1.80 (0.82, 2.78)
1.09 (-0.54, 2.72)
11.91 (9.32, 14.51)
12.57 (10.71, 14.43)
0.85 (0.01, 1.68)
7.31 (1.54, 13.08)
1.83 (-0.16, 3.82)
2.55 (2.33, 2.77)
0.72 (-0.09, 1.53)
2.70 (1.12, 4.28)
-0.78 (-1.54, -0.02)
2.70 (2.24, 3.16)
0.60 (0.35, 0.85)
2.66 (2.20, 3.12)
1.99 (-1.88, 5.86)
2.75 (0.28, 5.23)
11.62 (9.31, 13.93)

2.57 (0.89, 4.26)
1.67 (1.09, 2.25)
3.97 (-0.60, 8.54)
2.60 (-2.31, 7.51)
5.12 (4.42, 5.82)
1.76 (0.84, 2.68)
1.12 (0.11, 2.13)

(95% CI)
Effect

100.00
1.22
1.26
1.31
0.52
1.34
1.36
1.38
1.34
1.28
1.18
1.36
1.38
1.35
1.14
1.29
1.38
1.30
1.34
1.35
1.38
1.29
1.08
1.21
1.23
1.16
0.94
0.72
1.07
1.23
0.91
1.30
0.68
1.34
0.80
1.25
0.97
1.31
1.26
1.14
1.22
1.27
0.97
1.23
1.34
1.13
0.92
0.54
1.32
1.24
1.23
1.22
0.93
1.16
0.85
1.02
1.24
1.20
1.21
1.23
0.76
1.22
0.64
1.26
1.14
1.26
0.84
0.92
0.67
0.86
0.53
0.84
1.05
1.29
1.16
0.93
1.11
1.32
0.41
1.08
1.38
1.32
1.17
1.33
1.36
1.38
1.36
0.67
0.96
1.00

100.00
21.50
8.40
7.67

21.25
20.72
20.46

Weight
%

Intervention lower Intervention higher

-10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by status at baseline
Before and after measurement
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(I2 = 98.1%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.109

(I2 = 0.0%, p = 0.744)
Subgroup, DL
Takacs et al. (2020) (Postmenopausal women)
Takacs et al. (2020) (Premenopausal women)
Mixed

(I2 = 93.4%, p = 0.000)
Subgroup, DL
Mahajan et al. (1992)
Milne et al. (1987)
Lukaski et al. (1984)
Pinna et al. (2002)
Allan et al. (2000)
Ruz and Solomons (1992)
Thomas et al. (1992)
Lowe et al. (2004)
Chung et al. (2008)
Freeland-Graves et al. (1981)
Bales et al. (1994)
Depletion

(I2 = 0.0%, p = 0.516)
Subgroup, DL
Bodgen et al. (1988)
Bodgen et al. (1988)
Deguchi et al. (2019)
Swanson et al. (1988)
Zinc acetate

(I2 = 91.6%, p = 0.000)
Subgroup, DL
Prasad et al. (2007)
Prasad et al. (1996)
Hiniger-Favier et al. (2007)
Hiniger-Favier et al. (2007)
Heckmann et al. (2005)
Black et al. (1988)
Black et al. (1988)
Yosaee et al. (2020)
Jafari et al. (2020)
Solati et al. (2015)
Gomes Dantas Lopes et al. (2015)
Fernandes de Oliveira et al. (2009)
Yadrick et al. (1989)
Mesdaghinia et al. (2019)
Peretz et al. (1993)
Kim et al. (2014)
Donangelo et al. (2002)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Abdulla and Suck. (1998)
Pachotikarn et al. (1985)
DiSilvestro et al. (2015)
Marques et al. (2009)
Payahoo et al. (2013)
Sullivan and Cousins (1997)
Sullivan et al. (1998)
Massih et al. (2021)
Massih et al. (2021)
Farrell et al. (2011)
Zinc gluconate

(I2 = 98.8%, p = 0.000)
Subgroup, DL
Stur et al. (1996)
Wessells et al. (2020)
Fahmida et al. (2007)
Abdollahi et al. (2019)
Brown et al. (2007)
Long et al. (2022)
Islam et al. (2022)
Yalda and Ibrahiem (2010)
Hunt et al. (1985)
Tamura et al. (1996)
Kaseb et al. (2013)
Khorsandi et al. (2019)
Ayatollahi et al. (2022)
Vale et al. (2014)
Leite et al. (2009)
Surono et al. (2014)
Weismann et al. (1977)
Hollingsworth et al. (1987)
Abdulla and Svensson. (1979) ( Study 2)
Abdulla and Svensson. (1979) (Study 1)
Rohmawati et al. (2021)
Gülsan et al. (2013)
Mujica-Coopman et al. (2015)
Cesur et al. (2009)
Palin et al. (1979)
Crouse et al. (1984)
Crouse et al. (1984)
Ahmadi et al. (2020)
Hayee et al. (2005)
Samman and Roberts. (1987) (female)
Samman and Roberts. (1987) (male)
Gupta et al. (1998)
Mazaheri Nia et al. (2021)
Duchateau et al. (1981)
Duchateau et al. (1981) (Female 20-40 y)
Duchateau et al. (1981) (Male 20-40 y)
Gatto and Samman. (1995)
Field et al. (1987)
Field et al. (1987)
Field et al. (1987)
Berger et al. (2015)
Eskici et al. (2017)
Eskici et al. (2017)
Bogale et al. (2015)
Demetree et al. (1980)
Wessells et al. (2012)
Wessells et al. (2010)
Wessells et al. (2010)
Ba Lo et al. (2011)
Zinc sulfate

Author, year (group)
Supplementation type and

7 mg/d Zn
7 mg/d Zn

depletion: 3.2 mg/d Zn
depletion: 2.6 mg/d Zn
depletion: 3.6 mg/d Zn
depletion: 4.6 mg/d Zn
depletion: 4.6 mg/d Zn

depletion: 4 mg/d Zn
depletion: 3.2 mg/d Zn

depletion: 0.23 mg/d Zn
depletion  4 mg/day Zn + Phytic Acid

depletion: 3.2 mg/d Zn
depletion: 3.97 mg/d Zn

100 mg/d Zn*
15 mg/d Zn*
30 mg/d Zn
30 mg/d Zn*

45 mg/d Zn*
30 mg/d Zn

30 mg/d Zn*
15 mg/d Zn*
20 mg/d Zn*
75 mg/d Zn*
50 mg/d Zn*
4 mg/d Zn*

30 mg/d Zn*
30 mg/d Zn*
10 mg/d Zn*
22 mg/d Zn*
50 mg/d Zn

30 mg/d Zn*
45 mg/d Zn

30 mg/d Zn*
22 mg/d Zn
45 mg/d Zn
30 mg/d Zn

15 mg/d  Zn
50 mg/d Zn

60 mg/d Zn*
22 mg/d Zn
30 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
25 mg/d Zn
25 mg/d Zn

53.2 mg/d Zn

45 mg/d Zn*
7 mg/d Zn*

10 mg/d Zn*
5 mg/d Zn*
3 mg/d Zn*

10 mg/d Zn*
10 mg/d Zn*
22 mg/d Zn*
20 mg/d Zn*
25 mg/d Zn*
1 mg/d Zn*

30 mg/d Zn*
50 mg/d Zn*

5 mg/d Zn
5 mg/d Zn
8 mg/d Zn*

135 mg/d Zn*
100 mg/d Zn
45 mg/d Zn
135 mg/d Zn
20 mg/d Zn*
1 mg/d Zn*

30 mg/d Zn*
50 mg/d Zn
23 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
50 mg/d Zn*
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
25 mg/d Zn*
150 mg/d Zn
150 mg/d Zn
150 mg/d Zn
50 mg/d Zn*

150 mg/d Zn
100 mg/d Zn
50 mg/d Zn
9 mg/d Zn*

100 mg/d Zn
50 mg/d Zn
20 mg/d Zn*

100 mg/d Zn*
5 mg/d Zn*

20 mg/d Zn*
10 mg/d Zn*
6 mg/d Zn*

Description

2
2

24
17
17
10
10
7
6
6
6
3
2

12
12
12
4

52
26
26
26
12
12
12
12
12
12
12
12
10
10
9
8
6
6
6
6
6
6

4.3
4
2
2
2
2
2

104
36

26.1
26
26
24
24
24
19
17
16
15
13
13

12.9
12.9

12
12
12
12
12
12
12
8.7

8
8
8
8
6
6
6
6
6
4
4
4
4
4
4
4
4
4
4

3.3
3
3
3
3

2.1

Weeks

2882

22
10
12

88
8
5
5
8
7

15
5
5
9
6

15

94
32
36
9

17

706
24
5

131
126
24
9

13
24
27
22
31
21
9

26
9

20
11
15
15
15
23
10
7

30
10
11
16
17
5

1972
38

134
25

272
80
53
52
50
56
70
48
18
40
40
42
12
13
8
7
7

35
39
26
29
7

12
11
40
20
20
21
20
57
20
20
20
10
5
5
5

75
10
10
24
5

295
16
17
33

N

14.68 (5.05)
16.21 (3.52)

-14.14 (1.33)
-12.90 (1.73)
-11.57 (0.51)
-11.40 (1.00)
-11.33 (1.09)
-12.25 (2.05)
-14.50 (0.72)
-2.90 (1.00)

-12.10 (1.42)
-13.00 (1.83)
-13.84 (1.11)

16.80 (3.50)
16.80 (3.50)
17.87 (5.56)
16.50 (2.47)

15.90 (2.55)
18.07 (5.22)
15.10 (3.60)
14.00 (2.60)
12.47 (3.00)
18.10 (4.05)
15.50 (1.62)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
18.70 (3.50)
16.20 (3.30)
12.22 (1.30)
18.40 (2.00)
14.90 (1.80)
12.01 (1.64)
15.75 (1.99)
14.53 (1.68)
13.91 (1.53)
16.06 (2.75)
13.76 (4.59)
11.60 (1.60)
11.33 (3.52)
15.00 (2.43)
14.50 (0.60)
13.56 (0.36)
16.06 (0.90)
23.85 (2.60)

16.62 (4.02)
10.05 (2.83)
19.15 (1.55)
12.23 (2.02)
12.51 (2.39)
14.60 (3.38)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
18.66 (0.46)
18.66 (2.98)
11.46 (2.61)
18.15 (4.49)
20.03 (4.89)
19.11 (2.29)
27.40 (1.50)
9.04 (1.32)

14.56 (2.53)
17.03 (3.23)
20.61 (6.94)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
16.39 (4.85)
23.20 (6.30)
20.60 (4.60)
15.75 (5.40)
14.02 (2.70)
18.50 (4.90)
20.49 (5.05)
22.02 (7.65)
15.20 (4.00)
17.76 (5.15)
11.98 (2.43)
11.91 (1.96)
13.80 (2.94)
23.06 (3.46)
23.99 (2.58)
11.25 (1.22)
14.07 (6.27)
12.17 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)

Mean (SD)
Treatment

2985

22
10
12

88
8
5
5
8
7

15
5
5
9
6

15

94
32
36
9

17

709
24
8

131
126
24
9

13
24
27
22
31
21
9

26
9

20
11
15
15
15
23
10
7

30
10
11
16
17
5

2072
38

136
25

344
91
54
58
50
56
70
48
18
40
40
42
12
20
8
7
7

35
39
26
29
7

12
11
40
20
20
21
20
58
20
20
20
10
5
5
5

75
10
10
24
5

295
16
17
33

N

12.70 (3.67)
13.46 (2.60)

-18.25 (1.77)
-11.90 (0.92)
-13.46 (1.03)
-11.20 (1.30)
-11.53 (1.42)
-14.83 (1.67)
-18.00 (1.40)
-11.60 (1.60)
-12.32 (1.05)
-14.83 (1.68)
-13.06 (1.02)

13.10 (2.00)
13.10 (2.00)
11.66 (1.77)
13.30 (0.30)

14.21 (1.44)
17.48 (1.98)
13.10 (1.50)
13.00 (1.70)
11.13 (2.81)
15.90 (0.73)
16.40 (0.64)
8.74 (3.35)

11.54 (1.79)
11.00 (3.80)
13.66 (1.90)
12.30 (2.10)
12.90 (1.80)
11.13 (1.21)
14.20 (1.80)
13.00 (2.30)
10.26 (1.45)
12.39 (2.14)
12.39 (2.29)
11.77 (2.14)
11.62 (2.00)
16.82 (4.59)
9.90 (1.70)

10.24 (2.91)
12.30 (0.77)
11.80 (0.50)
12.97 (0.36)
13.39 (0.35)
12.23 (0.46)

12.08 (1.53)
8.38 (1.99)

15.30 (1.55)
12.31 (1.77)
11.71 (2.26)
10.23 (2.02)
10.38 (2.05)
9.55 (0.52)

10.50 (1.65)
9.25 (0.02)

10.98 (2.42)
9.97 (0.90)

13.26 (1.41)
15.60 (0.15)
15.60 (1.54)
10.78 (2.33)
13.05 (1.87)
14.22 (1.68)
13.76 (1.53)
13.50 (1.00)
8.43 (1.51)

13.28 (2.65)
12.40 (1.38)
9.05 (2.13)

12.22 (2.06)
22.48 (2.60)
21.25 (5.05)
13.06 (1.97)
16.53 (3.48)
14.80 (2.50)
15.10 (2.50)
15.78 (5.44)
8.90 (0.15)

13.61 (4.74)
15.14 (3.37)
16.82 (4.43)
12.80 (2.40)
11.83 (1.70)
10.31 (2.38)
11.15 (1.42)
12.00 (3.20)
11.15 (2.35)
11.42 (1.54)
10.40 (1.68)
6.76 (2.01)
9.62 (1.82)

11.73 (1.65)
11.86 (1.62)
10.00 (1.76)

Mean (SD)
Control

2.87 (2.45, 3.30)

2.53 (0.45, 4.62)
1.99 (-1.88, 5.86)
2.75 (0.28, 5.23)

1.88 (0.39, 3.37)
4.11 (2.58, 5.64)
-1.00 (-2.72, 0.72)
1.89 (0.88, 2.90)
-0.20 (-1.34, 0.94)
0.20 (-1.13, 1.53)
2.58 (1.24, 3.92)
3.50 (2.12, 4.88)
8.70 (7.05, 10.35)
0.23 (-0.93, 1.38)
1.83 (-0.16, 3.82)
-0.78 (-1.54, -0.02)

3.60 (2.87, 4.33)
3.70 (2.30, 5.10)
3.70 (2.38, 5.02)
6.21 (2.40, 10.02)
3.20 (2.02, 4.38)

2.56 (1.94, 3.18)
1.69 (0.52, 2.86)
0.59 (-4.19, 5.37)
2.00 (1.33, 2.67)
1.00 (0.46, 1.54)
1.34 (-0.30, 2.99)
2.20 (-0.49, 4.89)
-0.90 (-1.85, 0.05)
3.04 (-0.15, 6.23)
5.34 (4.15, 6.54)
4.45 (2.03, 6.87)
2.78 (1.88, 3.68)
6.40 (4.65, 8.15)
3.30 (0.84, 5.76)
1.09 (0.40, 1.77)
4.20 (2.44, 5.96)
1.90 (0.62, 3.18)
1.75 (0.46, 3.04)
3.36 (1.88, 4.84)
2.14 (0.70, 3.58)
2.14 (0.81, 3.47)
4.44 (3.05, 5.83)
-3.06 (-7.08, 0.96)
1.70 (-0.03, 3.43)
1.09 (-0.54, 2.72)
2.70 (1.12, 4.28)
2.70 (2.24, 3.16)
0.60 (0.35, 0.85)
2.66 (2.20, 3.12)
11.62 (9.31, 13.93)

3.25 (2.63, 3.88)
4.54 (3.17, 5.91)
1.67 (1.09, 2.25)
3.85 (2.99, 4.71)
-0.08 (-0.38, 0.23)
0.80 (0.10, 1.50)
4.37 (3.31, 5.43)
3.76 (3.22, 4.31)
2.01 (1.83, 2.19)
-0.82 (-1.39, -0.26)
-0.15 (-0.19, -0.11)
0.88 (-0.10, 1.85)
1.56 (0.85, 2.27)
0.38 (-0.20, 0.96)
3.06 (2.91, 3.21)
3.06 (2.04, 4.07)
0.68 (-1.30, 2.65)
5.10 (2.53, 7.67)
5.81 (2.23, 9.39)
5.35 (3.31, 7.39)
13.90 (12.56, 15.24)
0.61 (-0.06, 1.27)
1.28 (0.13, 2.43)
4.63 (3.29, 5.98)
11.56 (8.92, 14.20)
1.76 (-2.89, 6.41)
3.97 (-0.60, 8.54)
2.60 (-2.31, 7.51)
0.63 (-0.21, 1.47)
-0.14 (-2.76, 2.48)
8.40 (5.43, 11.37)
5.50 (3.26, 7.74)
-0.03 (-3.39, 3.33)
5.12 (4.42, 5.82)
4.89 (1.90, 7.88)
5.35 (2.69, 8.01)
5.20 (1.33, 9.07)
2.40 (-0.49, 5.29)
5.93 (1.18, 10.68)
1.67 (-1.31, 4.65)
0.76 (-1.36, 2.88)
1.80 (0.82, 2.78)
11.91 (9.32, 14.51)
12.57 (10.71, 14.43)
0.85 (0.01, 1.68)
7.31 (1.54, 13.08)
2.55 (2.33, 2.77)
1.76 (0.84, 2.68)
1.12 (0.11, 2.13)
0.72 (-0.09, 1.53)

(95% CI)
Effect

100.00
29.05
70.95

100.00
8.94
8.73
9.45
9.34
9.16
9.15
9.10
8.80
9.32
8.40
9.63

100.00
27.37
30.79
3.68

38.16

100.00
3.88
1.23
4.29
4.36
3.42
2.44
4.08
2.06
3.86
2.67
4.12
3.32
2.64
4.28
3.31
3.78
3.77
3.59
3.63
3.73
3.68
1.56
3.34
3.43
3.49
4.40
4.48
4.40
2.77

100.00
2.26
2.48
2.42
2.52
2.46
2.37
2.49
2.53
2.49
2.54
2.39
2.46
2.48
2.53
2.38
2.03
1.78
1.39
2.00
2.28
2.47
2.34
2.27
1.75
1.06
1.08
0.99
2.43
1.76
1.62
1.92
1.47
2.46
1.61
1.74
1.29
1.65
1.03
1.61
1.97
2.39
1.77
2.07
2.43
0.80
2.53
2.41
2.38
2.44

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by supplementation type
Before and after measurement
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(I2 = 94.3%, p = 0.000)
Overall, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Kim 2014
Chung  2008
Swanson, CA 1988

Author, year

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A,  15.2 mg Zn/day
B/A, depletion 0.23 mg Zn/day

RCT, 30 mg Zn/d group
B/A, 4 mg Zn/d

RCT, 30 mg Zn/day

Study design and Intake

25
13
13
13
12
8
6
4

Weeks

71
5
5
5
5
5

20
9

17

N

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
3.90 (1.57)

-0.20 (0.06)
8.27 (4.61)

-6.99 (3.88)
16.10 (5.27)

Mean (SD)
Treatment

64
5
5
5
5
5

20
9

10

N

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
4.20 (1.34)

-7.00 (0.20)
6.85 (4.61)

-6.97 (4.40)
6.80 (3.51)

Mean (SD)
Control

3.09 (0.16, 6.02)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
-0.30 (-2.11, 1.51)
6.80 (6.62, 6.98)
1.42 (-1.44, 4.28)
-0.02 (-3.85, 3.81)
9.30 (5.98, 12.62)

(95% CI)
Effect

100.00
12.91
12.80
11.00
13.40
14.12
12.45
11.37
11.96

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d)

12



(I2 = 94.0%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.006

(I2 = 0.0%, p = .)
Subgroup, DL
Swanson, CA 1988
Elderly

(I2 = 94.9%, p = 0.000)
Subgroup, DL
Thomas, EA 1992
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Kim 2014
Chung  2008
Adults

Author, year
Population and

RCT, 30 mg Zn/day

B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A,  15.2 mg Zn/day
B/A, depletion 0.23 mg Zn/day

RCT, 30 mg Zn/d group
B/A, 4 mg Zn/d

Study design and Intake

4

13
13
13
12
8
6

Weeks

66

17
17

49
5
5
5
5

20
9

N

16.10 (5.27)

-3.80 (1.79)
-4.20 (1.57)
3.90 (1.57)

-0.20 (0.06)
8.27 (4.61)

-6.99 (3.88)

Mean (SD)
Treatment

59

10
10

49
5
5
5
5

20
9

N

6.80 (3.51)

-5.80 (2.24)
-9.00 (4.47)
4.20 (1.34)

-7.00 (0.20)
6.85 (4.61)

-6.97 (4.40)

Mean (SD)
Control

3.43 (0.32, 6.54)

9.30 (5.98, 12.62)
9.30 (5.98, 12.62)

2.50 (-1.01, 6.00)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
-0.30 (-2.11, 1.51)
6.80 (6.62, 6.98)
1.42 (-1.44, 4.28)
-0.02 (-3.85, 3.81)

(95% CI)
Effect

100.00
100.00

100.00
17.01
14.78
17.76
18.63
16.58
15.24

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by population

13



(I2 = 93.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.738

(I2 = 78.1%, p = 0.010)
Subgroup, DL
Milne, DB 1987
Kim 2014
Swanson, CA 1988
Females

(I2 = 94.3%, p = 0.000)
Subgroup, DL
Thomas, EA 1992
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Swanson, CA 1988
Males

Author, year
Sex and

B/A, low-zinc diet; 4mg Zn/day supplementation
RCT, 30 mg Zn/d group

RCT, 30 mg Zn/day

B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A,  15.2 mg Zn/day
B/A, depletion 0.23 mg Zn/day

B/A, 4 mg Zn/d
RCT, 30 mg Zn/day

Study design and Intake

25
8
4

13
13
13
12
6
4

Weeks

71

35
5

20
10

36
5
5
5
5
9
7

N

-4.13 (1.68)
8.27 (4.61)

14.30 (4.07)

-3.80 (1.79)
-4.20 (1.57)
3.90 (1.57)

-0.20 (0.06)
-6.99 (3.88)
18.70 (6.38)

Mean (SD)
Treatment

64

31
5

20
6

33
5
5
5
5
9
4

N

-4.89 (2.14)
6.85 (4.61)
6.70 (3.68)

-5.80 (2.24)
-9.00 (4.47)
4.20 (1.34)

-7.00 (0.20)
-6.97 (4.40)
7.00 (3.51)

Mean (SD)
Control

3.59 (0.79, 6.39)

2.99 (-0.70, 6.67)
0.76 (-1.62, 3.15)
1.42 (-1.44, 4.28)
7.60 (3.72, 11.48)

3.87 (0.25, 7.49)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
-0.30 (-2.11, 1.51)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)
11.70 (5.85, 17.55)

(95% CI)
Effect

100.00
36.54
34.25
29.20

100.00
17.76
15.47
18.52
19.41
15.95
12.89

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by sex
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(I2 = 94.3%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 92.1%, p = 0.000)
Subgroup, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Depletion

(I2 = 0.0%, p = .)
Subgroup, DL
Swanson, CA 1988
Zn acetate

(I2 = 0.0%, p = .)
Subgroup, DL
Kim 2014
Zn gluconate

(I2 = 0.0%, p = .)
Subgroup, DL
Thomas, EA 1992
Zn sulfate

year
type and Author,
Supplementation

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
B/A, 4 mg Zn/d

RCT, 30 mg Zn/day

RCT, 30 mg Zn/d group

B/A,  15.2 mg Zn/day

Study design and Intake

25
13
13
12
6

4

8

13

Weeks

71

29
5
5
5
5
9

17
17

20
20

5
5

N

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
-6.99 (3.88)

16.10 (5.27)

8.27 (4.61)

3.90 (1.57)

Mean (SD)
Treatment

64

29
5
5
5
5
9

10
10

20
20

5
5

N

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
-6.97 (4.40)

6.80 (3.51)

6.85 (4.61)

4.20 (1.34)

Mean (SD)
Control

3.09 (0.16, 6.02)

2.98 (-0.48, 6.43)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)

9.30 (5.98, 12.62)
9.30 (5.98, 12.62)

1.42 (-1.44, 4.28)
1.42 (-1.44, 4.28)

-0.30 (-2.11, 1.51)
-0.30 (-2.11, 1.51)

(95% CI)
Effect

100.00
20.85
20.63
17.35
23.14
18.02

100.00
100.00

100.00
100.00

100.00
100.00

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by supplementation type
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(I2 = 94.3%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.122

(I2 = 92.0%, p = 0.000)
Subgroup, DL
Kim 2014
Swanson, CA 1988
Supplementation 26 to 50 mg Zn/d

(I2 = 0.0%, p = .)
Subgroup, DL
Thomas, EA 1992
Supplementation 15 to 25 mg Zn/d

(I2 = 92.1%, p = 0.000)
Subgroup, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Depletion <5 mg Zn/d

Author, year
Dose and

RCT, 30 mg Zn/d group
RCT, 30 mg Zn/day

B/A,  15.2 mg Zn/day

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
B/A, 4 mg Zn/d

Study design and Intake

8
4

13

25
13
13
12
6

Weeks

71

37
20
17

5
5

29
5
5
5
5
9

N

8.27 (4.61)
16.10 (5.27)

3.90 (1.57)

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
-6.99 (3.88)

Mean (SD)
Treatment

64

30
20
10

5
5

29
5
5
5
5
9

N

6.85 (4.61)
6.80 (3.51)

4.20 (1.34)

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
-6.97 (4.40)

Mean (SD)
Control

3.09 (0.16, 6.02)

5.31 (-2.41, 13.03)
1.42 (-1.44, 4.28)
9.30 (5.98, 12.62)

-0.30 (-2.11, 1.51)
-0.30 (-2.11, 1.51)

2.98 (-0.48, 6.43)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)

(95% CI)
Effect

100.00
50.59
49.41

100.00
100.00

100.00
20.85
20.63
17.35
23.14
18.02

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by dose
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(I2 = 81.2%, p = 0.000)
Overall, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Fernandes de Oliveira 2009
Donangelo 2002

Author, year

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo
B/A, 22 mg Zn/day

Study design and Intake

26
26
12
12
12

6

Weeks

311
131
126

9
13
21
11

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)
1.23 (0.44)
0.83 (0.37)

Mean (SD)
Treatment

176
65
65

4
5

26
11

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)
0.46 (0.23)
0.56 (0.22)

Mean (SD)
Control

0.39 (0.17, 0.62)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)
0.27 (0.02, 0.52)

(95% CI)
Effect

100.00
21.24
21.47

8.20
11.41
19.59
18.09

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine)
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(I2 = 81.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 26.5%, p = 0.245)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Donangelo 2002
Adults

(I2 = 100.0%, p = .)
Subgroup, DL
Fernandes de Oliveira 2009
Children and adolescents

Author, year
Population and

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

B/A, 22 mg Zn/day

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26
12
12
6

12

Weeks

311

290
131
126

9
13
11

21
21

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)
0.83 (0.37)

1.23 (0.44)

Mean (SD)
Treatment

176

150
65
65
4
5

11

26
26

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)
0.56 (0.22)

0.46 (0.23)

Mean (SD)
Control

0.39 (0.17, 0.62)

0.25 (0.13, 0.37)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.27 (0.02, 0.52)

0.77 (0.56, 0.98)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
35.15
37.42
3.56
6.05

17.82

100.00
100.00

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by population
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(I2 = 81.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 68.3%, p = 0.076)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Mixed

(I2 = 0.0%, p = .)
Subgroup, DL
Donangelo 2002
Females

(I2 = 0.0%, p = 0.450)
Subgroup, DL
Black  1988
Black  1988
Fernandes de Oliveira 2009
Males

Sex and Author, year

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo

B/A, 22 mg Zn/day

RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26

6

12
12
12

Weeks

311

257
131
126

11
11

43
9

13
21

N

1.13 (0.59)
0.94 (0.50)

0.83 (0.37)

1.13 (0.94)
0.99 (0.84)
1.23 (0.44)

Mean (SD)
Treatment

176

130
65
65

11
11

35
4
5

26

N

0.82 (0.47)
0.82 (0.47)

0.56 (0.22)

0.54 (0.16)
0.54 (0.16)
0.46 (0.23)

Mean (SD)
Control

0.39 (0.17, 0.62)

0.21 (0.03, 0.40)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)

0.27 (0.02, 0.52)
0.27 (0.02, 0.52)

0.71 (0.53, 0.89)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
49.07
50.93

100.00
100.00

100.00
8.30

14.61
77.10

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by sex
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(I2 = 81.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = .

(I2 = 81.2%, p = 0.000)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Fernandes de Oliveira 2009
Donangelo 2002
Zn gluconate

and Author, year
Supplementation type

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo
B/A, 22 mg Zn/day

Study design and Intake

26
26
12
12
12
6

Weeks

311

311
131
126

9
13
21
11

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)
1.23 (0.44)
0.83 (0.37)

Mean (SD)
Treatment

176

176
65
65
4
5

26
11

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)
0.46 (0.23)
0.56 (0.22)

Mean (SD)
Control

0.39 (0.17, 0.62)

0.39 (0.17, 0.62)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)
0.27 (0.02, 0.52)

(95% CI)
Effect

100.00
21.24
21.47
8.20

11.41
19.59
18.09

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by supplementation type
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(I2 = 81.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.707

(I2 = 0.0%, p = .)
Subgroup, DL
Black  1988
Supplementation 51 to 100 mg Zn/d

(I2 = 0.0%, p = 0.584)
Subgroup, DL
Hininger-Favier 2007
Black  1988
Supplementation 26 to 50 mg Zn/d

(I2 = 92.2%, p = 0.000)
Subgroup, DL
Hininger-Favier 2007
Fernandes de Oliveira 2009
Donangelo 2002
Supplementation 15 to 25 mg Zn/d

Dose and Author, year

RCT, 75 mg Zn/d VS Placebo

RCT, 30 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 15 mg Zn/d VS Placebo
RCT, 22 mg Zn/d group VS Placebo

B/A, 22 mg Zn/day

Study design and Intake

12

26
12

26
12
6

Weeks

311

9
9

144
131
13

158
126
21
11

N

1.13 (0.94)

1.13 (0.59)
0.99 (0.84)

0.94 (0.50)
1.23 (0.44)
0.83 (0.37)

Mean (SD)
Treatment

176

4
4

70
65
5

102
65
26
11

N

0.54 (0.16)

0.82 (0.47)
0.54 (0.16)

0.82 (0.47)
0.46 (0.23)
0.56 (0.22)

Mean (SD)
Control

0.39 (0.17, 0.62)

0.59 (-0.04, 1.22)
0.59 (-0.04, 1.22)

0.32 (0.18, 0.47)
0.31 (0.16, 0.46)
0.45 (-0.03, 0.93)

0.38 (-0.03, 0.79)
0.12 (-0.02, 0.26)
0.77 (0.56, 0.98)
0.27 (0.02, 0.52)

(95% CI)
Effect

100.00
100.00

100.00
90.75
9.25

100.00
34.83
33.27
31.91

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by dose
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(I2 = 95.8%, p = 0.000)
Overall, DL
Ruz, M 1992
Barrie, SA 1987
Bogale 2015
Eskici 2016

Author, year

B/A depletion 4 mg Zn/day
B/A, 50 mg Zn/day

RCT, 20mg Zn/d group VS placebo
B/A, 50mg Zn/d group

Study design and Intake

16
4

3.3
12

Weeks

63
14
15
24
10

N

-4.30 (2.30)
7.03 (2.96)
4.42 (2.81)

11.94 (0.93)

Mean (SD)
Treatment

64
15
15
24
10

N

-2.70 (15.00)
4.74 (2.45)
3.56 (2.00)
4.07 (1.48)

Mean (SD)
Control

2.88 (-1.55, 7.31)
-1.60 (-9.29, 6.09)
2.29 (0.35, 4.23)
0.86 (-0.52, 2.24)
7.87 (6.79, 8.96)

(95% CI)
Effect

100.00
15.51
27.57
28.31
28.61

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/L)
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(I2 = 95.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 0.0%, p = 0.381)
Subgroup, DL
Ruz, M 1992
Barrie, SA 1987
Bogale 2015
Adults

(I2 = 0.0%, p = .)
Subgroup, DL
Eskici 2016
Children and adolescents

Author, year
Population and

B/A depletion 4 mg Zn/day
B/A, 50 mg Zn/day

RCT, 20mg Zn/d group VS placebo

B/A, 50mg Zn/d group

Study design and Intake

16
4

3.3

12

Weeks

63

53
14
15
24

10
10

N

-4.30 (2.30)
7.03 (2.96)
4.42 (2.81)

11.94 (0.93)

Mean (SD)
Treatment

64

54
15
15
24

10
10

N

-2.70 (15.00)
4.74 (2.45)
3.56 (2.00)

4.07 (1.48)

Mean (SD)
Control

2.88 (-1.55, 7.31)

1.28 (0.16, 2.39)
-1.60 (-9.29, 6.09)
2.29 (0.35, 4.23)
0.86 (-0.52, 2.24)

7.87 (6.79, 8.96)
7.87 (6.79, 8.96)

(95% CI)
Effect

100.00
2.10

32.79
65.11

100.00
100.00

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/L) by population
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(I2 = 95.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.513

(I2 = 0.0%, p = .)
Subgroup, DL
Barrie, SA 1987
Mixed

(I2 = 98.4%, p = 0.000)
Subgroup, DL
Eskici 2016
Bogale 2015
Females

(I2 = 0.0%, p = .)
Subgroup, DL
Ruz, M 1992
Males

Author, year
Sex and

B/A, 50 mg Zn/day

B/A, 50mg Zn/d group
RCT, 20mg Zn/d group VS placebo

B/A depletion 4 mg Zn/day

Study design and Intake

4

12
3.3

16

Weeks

63

15
15

34
10
24

14
14

N

7.03 (2.96)

11.94 (0.93)
4.42 (2.81)

-4.30 (2.30)

Mean (SD)
Treatment

64

15
15

34
10
24

15
15

N

4.74 (2.45)

4.07 (1.48)
3.56 (2.00)

-2.70 (15.00)

Mean (SD)
Control

2.88 (-1.55, 7.31)

2.29 (0.35, 4.23)
2.29 (0.35, 4.23)

4.38 (-2.49, 11.25)
7.87 (6.79, 8.96)
0.86 (-0.52, 2.24)

-1.60 (-9.29, 6.09)
-1.60 (-9.29, 6.09)

(95% CI)
Effect

100.00
100.00

100.00
50.19
49.81

100.00
100.00

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/L) by sex
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(I2 = 95.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.513

(I2 = 0.0%, p = .)
Subgroup, DL
Ruz, M 1992
Depletion

(I2 = 0.0%, p = .)
Subgroup, DL
Barrie, SA 1987
Zn gluconate

(I2 = 98.4%, p = 0.000)
Subgroup, DL
Eskici 2016
Bogale 2015
Zn sulfate

year
type and Author,
Supplementation

B/A depletion 4 mg Zn/day

B/A, 50 mg Zn/day

B/A, 50mg Zn/d group
RCT, 20mg Zn/d group VS placebo

Study design and Intake

16

4

12
3.3

Weeks

63

14
14

15
15

34
10
24

N

-4.30 (2.30)

7.03 (2.96)

11.94 (0.93)
4.42 (2.81)

Mean (SD)
Treatment

64

15
15

15
15

34
10
24

N

-2.70 (15.00)

4.74 (2.45)

4.07 (1.48)
3.56 (2.00)

Mean (SD)
Control

2.88 (-1.55, 7.31)

-1.60 (-9.29, 6.09)
-1.60 (-9.29, 6.09)

2.29 (0.35, 4.23)
2.29 (0.35, 4.23)

4.38 (-2.49, 11.25)
7.87 (6.79, 8.96)
0.86 (-0.52, 2.24)

(95% CI)
Effect

100.00
100.00

100.00
100.00

100.00
50.19
49.81

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/L) by supplementation type
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(I2 = 95.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.262

(I2 = 95.9%, p = 0.000)
Subgroup, DL
Eskici 2016
Barrie, SA 1987
Supplementation 26 to 50 mg Zn/d

(I2 = 0.0%, p = .)
Subgroup, DL
Bogale 2015
Supplementation 15 to 25 mg Zn/d

(I2 = 0.0%, p = .)
Subgroup, DL
Ruz, M 1992
Depletion <5 mg Zn/d

Author, year
Dose and

B/A, 50mg Zn/d group
B/A, 50 mg Zn/day

RCT, 20mg Zn/d group VS placebo

B/A depletion 4 mg Zn/day

Study design and Intake

12
4

3.3

16

Weeks

63

25
10
15

24
24

14
14

N

11.94 (0.93)
7.03 (2.96)

4.42 (2.81)

-4.30 (2.30)

Mean (SD)
Treatment

64

25
10
15

24
24

15
15

N

4.07 (1.48)
4.74 (2.45)

3.56 (2.00)

-2.70 (15.00)

Mean (SD)
Control

2.88 (-1.55, 7.31)

5.14 (-0.33, 10.61)
7.87 (6.79, 8.96)
2.29 (0.35, 4.23)

0.86 (-0.52, 2.24)
0.86 (-0.52, 2.24)

-1.60 (-9.29, 6.09)
-1.60 (-9.29, 6.09)

(95% CI)
Effect

100.00
51.09
48.91

100.00
100.00

100.00
100.00

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/L) by dose
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(I2 = 37.0%, p = 0.134)
Overall, DL
Hiniger-Favier et al., 2007
Hiniger-Favier et al., 2007
Tamura et al., 2001
Milne et al., 1987
Bogden et al., 1988
Kim et al., 2012
Lowe et al., 2004
Bales et al., 1994

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 15 mg Zn/d group  VS Placebo

RCT, 25 mg Zn/d  VS Placebo
B/A, 2.6 mg Zn/d group

RCT, 100 mg Zn/d VS Placebo
RCT, 30 mg Zn/d group  VS Placebo

B/A, 0.23 mg Zn/d
B/A, 3.97 mg Zn/d

Study Characteristics

26
26
20
17
12
8
6
2

Weeks

364
131
126
30
5

32
20
5

15

N

73.20 (17.50)
76.20 (33.30)

145.00 (45.00)
-30.60 (10.00)
96.00 (63.00)
64.18 (13.95)
-26.20 (4.80)
-35.60 (2.30)

Mean (SD)
Treatment

237
65
65
30
5

32
20
5

15

N

72.30 (18.50)
72.30 (18.50)

133.00 (49.00)
-33.10 (11.00)
90.00 (49.00)
58.33 (13.45)

-48.00 (13.90)
-37.27 (2.45)

Mean (SD)
Control

3.88 (0.43, 7.33)
0.90 (-4.50, 6.30)
3.90 (-3.45, 11.25)
12.00 (-11.81, 35.81)
2.50 (-10.53, 15.53)
6.00 (-21.65, 33.65)
5.85 (-2.64, 14.34)
21.80 (8.91, 34.69)
1.67 (-0.03, 3.37)

(95% CI)
Effect

100.00
20.55
14.38
2.00
6.00
1.50

11.80
6.11

37.66

Weight
%

Intervention lower Intervention higher

-30 -20 -10 0 10-20 30

 Alkaline phosphatase activity (U/L)
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(I2 = 37.0%, p = 0.134)
Overall, DL
Heterogeneity between groups: p = 0.006

(I2 = 0.0%, p = 0.914)
Subgroup, DL
Hiniger-Favier et al., 2007
Hiniger-Favier et al., 2007
Bogden et al., 1988
Bales et al., 1994
Mixed

(I2 = 0.0%, p = 0.780)
Subgroup, DL
Tamura et al., 2001
Milne et al., 1987
Kim et al., 2012
Females

(I2 = 0.0%, p = .)
Subgroup, DL
Lowe et al., 2004
Males

Sex and Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 15 mg Zn/d group  VS Placebo

RCT, 100 mg Zn/d VS Placebo
B/A, 3.97 mg Zn/d

RCT, 25 mg Zn/d  VS Placebo
B/A, 2.6 mg Zn/d group

RCT, 30 mg Zn/d group  VS Placebo

B/A, 0.23 mg Zn/d

Study Characteristics

26
26
12
2

20
17
8

6

Weeks

364

304
131
126
32
15

55
30
5

20

5
5

N

73.20 (17.50)
76.20 (33.30)
96.00 (63.00)
-35.60 (2.30)

145.00 (45.00)
-30.60 (10.00)
64.18 (13.95)

-26.20 (4.80)

Mean (SD)
Treatment

237

177
65
65
32
15

55
30
5

20

5
5

N

72.30 (18.50)
72.30 (18.50)
90.00 (49.00)
-37.27 (2.45)

133.00 (49.00)
-33.10 (11.00)
58.33 (13.45)

-48.00 (13.90)

Mean (SD)
Control

3.88 (0.43, 7.33)

1.72 (0.14, 3.30)
0.90 (-4.50, 6.30)
3.90 (-3.45, 11.25)
6.00 (-21.65, 33.65)
1.67 (-0.03, 3.37)

5.44 (-1.38, 12.25)
12.00 (-11.81, 35.81)
2.50 (-10.53, 15.53)
5.85 (-2.64, 14.34)

21.80 (8.91, 34.69)
21.80 (8.91, 34.69)

(95% CI)
Effect

100.00

74.09
20.55
14.38
1.50

37.66

19.80
2.00
6.00

11.80

6.11
6.11

Weight
%

Intervention lower Intervention higher
-30 -20 -10 0 10 20 30

 Alkaline phosphatase activity (U/L) by sex
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(I2 = 37.0%, p = 0.134)
Overall, DL
Heterogeneity between groups: p = 0.767

(I2 = 78.3%, p = 0.010)
Subgroup, DL
Milne et al., 1987
Lowe et al., 2004
Bales et al., 1994
Depletion

(I2 = 0.0%, p = .)
Subgroup, DL
Bogden et al., 1988
Zinc acetate

(I2 = 0.0%, p = 0.590)
Subgroup, DL
Hiniger-Favier et al., 2007
Hiniger-Favier et al., 2007
Kim et al., 2012
Zinc gluconate

(I2 = 0.0%, p = .)
Subgroup, DL
Tamura et al., 2001
Zinc sulfate

Subgroup and Author, year

B/A, 2.6 mg Zn/d group
B/A, 0.23 mg Zn/d
B/A, 3.97 mg Zn/d

RCT, 100 mg Zn/d VS Placebo

RCT, 30 mg Zn/d group VS Placebo
RCT, 15 mg Zn/d group  VS Placebo
RCT, 30 mg Zn/d group  VS Placebo

RCT, 25 mg Zn/d  VS Placebo

Study Characteristics

17
6
2

12

26
26
8

20

Weeks

364

25
5
5

15

32
32

277
131
126
20

30
30

N

-30.60 (10.00)
-26.20 (4.80)
-35.60 (2.30)

96.00 (63.00)

73.20 (17.50)
76.20 (33.30)
64.18 (13.95)

145.00 (45.00)

Mean (SD)
Treatment

237

25
5
5

15

32
32

150
65
65
20

30
30

N

-33.10 (11.00)
-48.00 (13.90)
-37.27 (2.45)

90.00 (49.00)

72.30 (18.50)
72.30 (18.50)
58.33 (13.45)

133.00 (49.00)

Mean (SD)
Control

3.88 (0.43, 7.33)

7.63 (-4.02, 19.28)
2.50 (-10.53, 15.53)
21.80 (8.91, 34.69)
1.67 (-0.03, 3.37)

6.00 (-21.65, 33.65)
6.00 (-21.65, 33.65)

2.76 (-1.11, 6.64)
0.90 (-4.50, 6.30)
3.90 (-3.45, 11.25)
5.85 (-2.64, 14.34)

12.00 (-11.81, 35.81)
12.00 (-11.81, 35.81)

(95% CI)
Effect

100.00

49.76
6.00
6.11

37.66

1.50
1.50

46.74
20.55
14.38
11.80

2.00
2.00

Weight
%

Intervention lower Intervention higher

-75 -50 -25 0 25 50 75

 Alkaline phosphatase activity (U/L) by supplementation type
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(I2 = 37.0%, p = 0.134)
Overall, DL
Heterogeneity between groups: p = 0.744

(I2 = 0.0%, p = .)
Subgroup, DL
Bogden et al., 1988
Supplementation 51 to 100 mg/d Zn

(I2 = 0.0%, p = 0.335)
Subgroup, DL
Hiniger-Favier et al., 2007
Kim et al., 2012
Supplementation 26 to 50 mg/d Zn

(I2 = 0.0%, p = .)
Subgroup, DL
Tamura et al., 2001
Supplementation 16 to 25 mg/d Zn

(I2 = 0.0%, p = 0.562)
Subgroup, DL
Hiniger-Favier et al., 2007
Bales et al., 1994
Supplementation 3 to 15 mg/d Zn

(I2 = 76.5%, p = 0.039)
Subgroup, DL
Milne et al., 1987
Lowe et al., 2004
Depletion <3 mg/d Zn

Dose and Author, year

RCT, 100 mg Zn/d VS Placebo

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group  VS Placebo

RCT, 25 mg Zn/d  VS Placebo

RCT, 15 mg Zn/d group  VS Placebo
B/A, 3.97 mg Zn/d

B/A, 2.6 mg Zn/d group
B/A, 0.23 mg Zn/d

Study Characteristics

12

26
8

20

26
2

17
6

Weeks

364

32
32

151
131
20

30
30

141
126
15

10
5
5

N

96.00 (63.00)

73.20 (17.50)
64.18 (13.95)

145.00 (45.00)

76.20 (33.30)
-35.60 (2.30)

-30.60 (10.00)
-26.20 (4.80)

Mean (SD)
Treatment

237

32
32

85
65
20

30
30

80
65
15

10
5
5

N

90.00 (49.00)

72.30 (18.50)
58.33 (13.45)

133.00 (49.00)

72.30 (18.50)
-37.27 (2.45)

-33.10 (11.00)
-48.00 (13.90)

Mean (SD)
Control

3.88 (0.43, 7.33)

6.00 (-21.65, 33.65)
6.00 (-21.65, 33.65)

2.33 (-2.23, 6.89)
0.90 (-4.50, 6.30)
5.85 (-2.64, 14.34)

12.00 (-11.81, 35.81)
12.00 (-11.81, 35.81)

1.78 (0.13, 3.44)
3.90 (-3.45, 11.25)
1.67 (-0.03, 3.37)

12.17 (-6.74, 31.09)
2.50 (-10.53, 15.53)
21.80 (8.91, 34.69)

(95% CI)
Effect

100.00

1.50
1.50

32.35
20.55
11.80

2.00
2.00

52.04
14.38
37.66

12.10
6.00
6.11

Weight
%

Intervention lower Intervention higher
-30 -20 -10 0 10 20 30

 Alkaline phosphatase activity (U/L) by dose 
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(I2 = 70.8%, p = 0.016)
Overall, DL
Wessells et al., 2021
Medeiros et al., 1987
Shaaban et al., 2004
Barrie et al., 1987

Author, year

RCT, 7 mg /d Zn VS Placebo
RCT, 75 mg/d Zn VS Placebo

RCT, 10 mg Zn/day VS Placebo
B/A, 50 mg/d

Study Characteristics

36
12

8
4

Weeks

191
137

9
30
15

N

59.17 (26.11)
206.00 (54.30)

136.70 (2.61)
157.70 (9.31)

Mean (SD)
Treatment

190
136

9
30
15

N

70.63 (89.91)
204.00 (50.10)

123.40 (2.67)
147.50 (10.68)

Mean (SD)
Control

7.52 (-0.94, 15.99)
-11.46 (-27.19, 4.27)
2.00 (-46.27, 50.27)
13.30 (11.96, 14.64)
10.20 (3.03, 17.37)

(95% CI)
Effect

100.00
17.71

2.88
45.06
34.35

Weight
%

Intervention lower Intervention higher

-30 -20 -10 0 10 20 30

Hair zinc (μg/g)
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(I2 = 80.8%, p = 0.023)

Overall, DL

Wessells et al., 2021

Shaaban et al., 2004

Author, year

RCT, 7 mg /d Zn VS Placebo

RCT, 10 mg Zn/day VS Placebo

Study Characteristics

36

8

Weeks

126

96

30

N

116.49 (18.63)

184.90 (42.50)

Mean (SD)

Treatment

102

72

30

N

115.74 (14.91)

160.80 (33.70)

Mean (SD)

Control

10.47 (-12.09, 33.03)

0.75 (-4.32, 5.82)

24.10 (4.69, 43.51)

(95% CI)

Effect

100.00

58.38

41.62

Weight

%

Intervention lower Intervention higher

-30 -20 -10 0 10 20 30

Nail zinc (μg/g)
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(I2 = 0.0%, p = 0.922)

Overall, DL

Tamura et al., 2001

Kim et al., 2012

Author, year

RCT, 25 mg Zn/d group VS Placebo

RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

20

8

Weeks

44

24

20

N

8.60 (4.20)

8.73 (2.46)

Mean (SD)

Treatment

48

28

20

N

8.10 (2.70)

8.35 (1.96)

Mean (SD)

Control

0.42 (-0.71, 1.55)

0.50 (-1.46, 2.46)

0.38 (-1.00, 1.76)

(95% CI)

Effect

100.00

33.20

66.80

Weight

%

Intervention lower Intervention higher

-4 -2 0 2 4

Serum superoxide dismutase (U/mL)
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Song et al., 2009
DiSilvestro et al., 2015
Hiniger-Favier et al., 2007
Hiniger-Favier et al., 2007

Overall
Heterogeneity: τ2 = 0.23, I2 = 80.52%, H2 = 5.13
Test of θi = θj: Q(3) = 15.40, p = 0.00
Test of θ = 0: z = 1.03, p = 0.30

Study

B/A, 4 mg/d
RCT, 60 mg Zn/d group VS Placebo
RCT, 15 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

6
6

26
26

Weeks

9
10

126
131

N
Treatment

96.1
3301
1019
1082

Mean

2
499
282
252

SD

9
10
65
65

N
Control

89.2
3389
1047
1047

Mean

3.7
450
263
263

SD

U/mg Hb
U/mL packed cells
U/g Hb
U/g Hb

Units

-2 0 2 4

with 95% CI
Cohen's d

2.32 [
-0.19 [
-0.10 [
0.14 [

0.30 [

1.13,
-1.06,
-0.40,
-0.16,

-0.27,

3.52]
0.69]
0.20]
0.43]

0.87]

13.98
19.53
33.22
33.26

(%)
Weight

Random-effects DerSimonian-Laird model
Sorted by: weeks

Erythrocyte superoxide dismutase (standarized meand difference)
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(I2 = 60.7%, p = 0.037)
Overall, DL
Attia et al., 2022
Mesdaghinia et al., 2019
Kim et al., 2012
Marques et al., 2011
Payahoo et al., 2013

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, 22 mg Zn/d
RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

52
10

8
4.3

4

Weeks

113
30
26
20

7
30

N

100.60 (12.20)
88.60 (6.50)
89.80 (8.10)

75.70 (10.70)
94.90 (13.00)

Mean (SD)
Treatment

120
37
26
20

7
30

N

106.00 (11.90)
92.10 (8.10)
88.60 (6.30)

77.10 (11.20)
90.00 (4.00)

Mean (SD)
Control

-0.68 (-4.56, 3.19)
-5.40 (-11.21, 0.41)
-3.50 (-7.49, 0.49)
1.20 (-3.30, 5.70)
-1.40 (-12.87, 10.07)
4.90 (0.03, 9.77)

(95% CI)
Effect

100.00
19.58
25.51
23.78

8.60
22.54

Weight
%

Intervention lower Intervention higher

-15 -7 0 7 15

Fasting glucose (mg/dL)
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(I2 = 60.7%, p = 0.037)
Overall, DL
Heterogeneity between groups: p = 0.901

(I2 = 70.5%, p = 0.017)
Subgroup, DL
Attia et al., 2022
Mesdaghinia et al., 2019
Kim et al., 2012
Payahoo et al., 2013
Supplementation 26 to 50 mg/d Zn

(I2 = 0.0%, p = .)
Subgroup, DL
Marques et al., 2011
Supplementation 16 to 25 mg/d Zn

Dose and Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, 22 mg Zn/d

Study Characteristics

52
10

8
4

4.3

Weeks

113

106
30
26
20
30

7
7

N

100.60 (12.20)
88.60 (6.50)
89.80 (8.10)

94.90 (13.00)

75.70 (10.70)

Mean (SD)
Treatment

120

113
37
26
20
30

7
7

N

106.00 (11.90)
92.10 (8.10)
88.60 (6.30)
90.00 (4.00)

77.10 (11.20)

Mean (SD)
Control

-0.68 (-4.56, 3.19)

-0.62 (-4.98, 3.74)
-5.40 (-11.21, 0.41)
-3.50 (-7.49, 0.49)
1.20 (-3.30, 5.70)
4.90 (0.03, 9.77)

-1.40 (-12.87, 10.07)
-1.40 (-12.87, 10.07)

(95% CI)
Effect

100.00

91.40
19.58
25.51
23.78
22.54

8.60
8.60

Weight
%

Intervention lower Intervention higher
-15 -7 0 7 15

Fasting glucose (mg/dL) by dose
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(I2 = 0.0%, p = 0.460)
Overall, DL
Mesdaghinia et al., 2019
Kim et al., 2012
Marques et al., 2011

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, 22 mg Zn/d

Study Characteristics

10
8

4.3

Weeks

53
26
20

7

N

9.60 (1.80)
11.31 (6.53)
14.70 (3.70)

Mean (SD)
Treatment

53
26
20

7

N

11.80 (2.10)
11.10 (5.13)
16.80 (4.20)

Mean (SD)
Control

-2.02 (-3.01, -1.02)
-2.20 (-3.26, -1.14)
0.21 (-3.43, 3.85)
-2.10 (-6.25, 2.05)

(95% CI)
Effect

100.00
86.88

7.41
5.71

Weight
%

Intervention lower Intervention higher
-10 -5 0 5 10

Fasting insulin (μIU/ml)
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(I2 = 0.0%, p = 0.460)
Overall, DL
Heterogeneity between groups: p = 0.848

(I2 = 35.6%, p = 0.213)
Subgroup, DL
Mesdaghinia et al., 2019
Kim et al., 2012
Females

(I2 = 0.0%, p = .)
Subgroup, DL
Marques et al., 2011
Males

Sex and Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, 22 mg Zn/d

Study Characteristics

10
8

4.3

Weeks

53

46
26
20

7
7

N

9.60 (1.80)
11.31 (6.53)

14.70 (3.70)

Mean (SD)
Treatment

53

46
26
20

7
7

N

11.80 (2.10)
11.10 (5.13)

16.80 (4.20)

Mean (SD)
Control

-2.02 (-3.01, -1.02)

-1.65 (-3.63, 0.33)
-2.20 (-3.26, -1.14)
0.21 (-3.43, 3.85)

-2.10 (-6.25, 2.05)
-2.10 (-6.25, 2.05)

(95% CI)
Effect

100.00

94.29
86.88

7.41

5.71
5.71

Weight
%

Intervention lower Intervention higher
-10 -5 0 5 10

Fasting insulin (μIU/ml) by sex
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(I2 = 78.9%, p = 0.009)
Overall, DL
Mesdaghinia et al., 2019
Kim et al., 2012
Marques et al., 2011

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, 22 mg Zn/d

Study Characteristics

10
8

4.3

Weeks

53
26
20

7

N

2.10 (0.40)
2.57 (1.62)
2.00 (0.50)

Mean (SD)
Treatment

53
26
20

7

N

2.60 (0.50)
2.46 (1.28)
1.70 (0.40)

Mean (SD)
Control

-0.08 (-0.69, 0.53)
-0.50 (-0.75, -0.25)
0.11 (-0.79, 1.01)
0.30 (-0.17, 0.77)

(95% CI)
Effect

100.00
41.89
22.71
35.40

Weight
%

Intervention lower Intervention higher
-4 -2 0 2 4

Insulin resistance (HOMA-IR)
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(I2 = 0.0%, p = 0.464)
Overall, DL
Bao et al., 2010
Kim et al., 2014

Author, year

RCT, 45 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

26
8

Weeks

40
20
20

N

5.44 (4.85)
0.20 (0.60)

Mean (SD)
Treatment

40
20
20

N

7.15 (4.56)
0.80 (1.10)

Mean (SD)
Control

-0.64 (-1.18, -0.10)
-1.71 (-4.63, 1.21)
-0.60 (-1.15, -0.05)

(95% CI)
Effect

100.00
3.42

96.58

Weight
%

Intervention lower Intervention higher
-4 -2 0 2 4

Interleukin 6 (pg/mL)

40



(I2 = 36.1%, p = 0.211)
Overall, DL
Cesur et al., 2009
Berger et al., 2015

Author, year

RCT, 50 mg Zn/d group VS Placebo
RCT, 9 mg Zn/d group VS Placebo

Study Characteristics

8.7
4

Weeks

104
29
75

N

149.40 (102.40)
458.00 (212.00)

Mean (SD)
Treatment

101
29
72

N

168.30 (94.10)
422.00 (218.00)

Mean (SD)
Control

3.15 (-49.60, 55.91)
-18.90 (-69.52, 31.72)
36.00 (-33.55, 105.55)

(95% CI)
Effect

100.00
59.83
40.17

Weight
%

Intervention lower Intervention higher

-100 -50 0 50 100

Insulin-like growth factor 1 (μg/L)
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(I2 = 89.9%, p = 0.002)
Overall, DL
Solati et al., 2015
Jafari et al., 2020

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

12
12

Weeks

49
22
27

N

21.84 (6.87)
1.10 (0.42)

Mean (SD)
Treatment

54
24
30

N

15.66 (6.36)
1.09 (0.60)

Mean (SD)
Control

2.79 (-3.23, 8.80)
6.18 (2.34, 10.02)
0.01 (-0.26, 0.28)

(95% CI)
Effect

100.00
44.99
55.01

Weight
%

Intervention lower Intervention higher
-10 -5 0 5 10

Brain-derived neurotrophic factor (ng/mL)
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(I2 = 86.6%, p = 0.001)
Overall, DL
Jafari et al., 2020
Mesdaghinia et al., 2019
Song et al., 2009

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

B/A, Depletion, 4 mg Zn/d

Study Characteristics

12
10

6

Weeks

62
27
26

9

N

1053.46 (68.41)
1058.90 (75.20)

634.80 (90.30)

Mean (SD)
Treatment

65
30
26

9

N

850.13 (130.68)
948.60 (102.40)

606.50 (71.10)

Mean (SD)
Control

116.96 (25.46, 208.45)
203.33 (149.92, 256.74)
110.30 (61.47, 159.13)
28.30 (-46.79, 103.39)

(95% CI)
Effect

100.00
34.28
34.95
30.77

Weight
%

Intervention lower Intervention higher

-200 -100 0 100 200

Total antioxidant capacity  (μmol/L)
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(I2 = 0.0%, p = 0.844)

Overall, DL

Long  et al., 2022

Lowe  et al., 2004

Author, year

RCT, 10 mg Zn/day VS Placebo

B/A, 0.23 mg Zn/d

Study Characteristics

24

6

Weeks

59

54

5

N

52.10 (16.50)

-105.95 (22.89)

Mean (SD)

Treatment

58

53

5

N

37.60 (9.10)

-116.11 (43.16)

Mean (SD)

Control

14.44 (9.44, 19.44)

14.50 (9.46, 19.54)

10.16 (-32.66, 52.98)

(95% CI)

Effect

100.00

98.64

1.36

Weight

%

Intervention lower Intervention higher

-50 -25 0 25 50

Exchangeable zinc pool (mg)
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(I2 = 97.6%, p = 0.000)
Overall, DL
Stur et al, 1996
Prasad et al, 2007
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Black et al, 1988
Black et al, 1988
Rohmawati et al, 2021
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Palin et al, 1979
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
Mazaheri Nia et al, 2021
DiSilvestro et al, 2015
Barrie et al, 1987
Swanson et al, 1988
Berger et al, 2015
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Wessells et al, 2010
Ba Lo et al, 2011
Sullivan and Cousins, 1997
Sullivan et al, 1998

Author, year (group)

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
25 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn

20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
8
8
6
6
6
4
4
4
4

3.3
3
3
3
3

2.1
2
2

Weeks

2163
38
24

134
25

131
126
272
80
52
50
56
70
48
18
40
12
12
32
36
24
13
9

13
35
25
24
27
22
31
39
21
26
26
7

12
11
40
20
13
57
10
15
17
75
30
24
5

149
16
17
33
10
11

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
14.02 (2.70)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2036
42
25

130
34
65
65

308
91
55
50
47
65
47
22
40
12
12
18
18
26
12
4
5

36
27
22
30
24
31
40
26
28
26
10
11
10
40
20
13
55
10
15
17
72
30
23
5

150
9

10
32
10
11

N

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
13.76 (1.96)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
9.38 (0.43)

12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

1.95 (1.52, 2.37)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.22 (-4.34, 4.78)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
1.95
2.06
2.34
2.30
2.27
2.32
2.39
2.29
2.43
2.42
2.35
2.43
2.17
2.22
2.34
1.70
1.76
1.86
1.89
1.96
1.23
1.17
2.00
2.32
1.36
1.09
2.01
1.67
2.20
2.11
1.76
1.73
2.31
0.65
0.51
0.55
2.23
2.12
1.10
2.28
0.77
2.30
1.92
2.16
1.84
2.25
0.42
2.43
1.97
1.95
2.25
1.52
2.39

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L)
Controlled trials (without Abdulla 1979)
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(I2 = 97.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.001

(I2 = 0.0%, p = .)
Subgroup, DL
Weismann et al, 1977
Supplementation 101 to 151 mg/d Zn

(I2 = 0.0%, p = 0.548)
Subgroup, DL
Bodgen et al, 1988
Black et al, 1988
DiSilvestro et al, 2015
Demetree et al, 1980
Supplementation 51 to 100 mg/d Zn

(I2 = 79.8%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Hiniger-Favier et al, 2007
Khorsandi et al, 2019
Ayatollahi et al, 2022
Black et al, 1988
Jafari et al, 2020
Solati et al, 2015
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
Barrie et al, 1987
Swanson et al, 1988
Payahoo et al, 2013
Sullivan and Cousins, 1997
Sullivan et al, 1998
Supplementation 26 to 50 mg/d Zn

(I2 = 98.0%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Heckmann et al, 2005
Rohmawati et al, 2021
Fernandes de Oliveira et al, 2009
Palin et al, 1979
Mazaheri Nia et al, 2021
Bogale et al, 2015
Wessells et al, 2010
Supplementation 16 to 25 mg/d Zn

(I2 = 96.3%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Gomes Dantas Lopes et al, 2015
Berger et al, 2015
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Ba Lo et al, 2011
Supplementation 3 to 15 mg/d Zn

(I2 = 44.4%, p = 0.180)
Subgroup, DL
Kaseb et al, 2013
Gülsan et al, 2013
Supplementation 1 to 2.9 mg/d Zn

Dose and Author, year (group)

135 mg/d Zn

100 mg/d Zn
75 mg/d Zn
60 mg/d Zn

100 mg/d Zn

45 mg/d
45 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/D Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn

22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
20 mg/d Zn
20 mg/d Zn
22 mg/d Zn
23 mg/d Zn
25 mg/d Zn
20 mg/d Zn
20 mg/d Zn

7 mg/d Zn
10 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
8 mg/d Zn
8 mg/d Zn

15 mg/d Zn
4 mg/d Zn
4 mg/d Zn

10 mg/d Zn
9 mg/d Zn
5 mg/d Zn

10 mg/d Zn
6 mg/d Zn

1 mg/d Zn
1 mg/d Zn

Description

12

12
12
6
3

104
52
26
15
13
12
12
12
12
10
8
8
8
8
6
4
4
4
2
2

24
19
17
12
12
12
8
6

3.3
3

36
26.1

26
26
26
24

12.9
12.9

12
12
12
12
4
3
3

2.1

16
12

Weeks

2163

13
13

56
32
9

10
5

544
38
24

131
18
40
13
27
22
26
26
12
11
40
20
13
15
17
30
10
11

360
50
56
70
24
35
21
7

57
24
16

1103
134
25

126
272
80
52
12
12
36
25
24
31
75

149
17
33

87
48
39

N

18.15 (4.49)

16.80 (3.50)
18.10 (4.05)
13.76 (4.59)
14.07 (6.27)

16.62 (4.02)
15.90 (2.55)
15.10 (3.60)
11.53 (1.25)
13.64 (1.22)
15.50 (1.62)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
8.35 (0.58)

16.50 (2.47)
11.33 (3.52)
15.00 (2.43)
14.50 (0.60)

11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

12.47 (3.00)
9.04 (1.32)

18.70 (3.50)
13.98 (5.93)
14.02 (2.70)
11.25 (1.22)
13.49 (0.88)

10.05 (2.83)
19.15 (1.55)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
19.56 (5.91)
11.78 (7.23)
16.44 (1.70)
13.80 (2.94)
12.31 (0.67)
12.98 (1.36)
10.72 (1.58)

11.86 (2.45)
14.56 (2.53)

Mean (SD)
Treatment

2036

12
12

37
18
4

10
5

484
42
25
65
22
40
5

30
24
28
26
11
10
40
20
13
15
17
30
10
11

347
50
47
65
26
36
26
10
55
23
9

1069
130
34
65

308
91
55
12
12
18
27
22
31
72

150
10
32

87
47
40

N

15.39 (2.12)

12.50 (2.00)
13.50 (1.05)
12.23 (4.59)
8.10 (2.75)

13.04 (1.56)
13.53 (1.48)
13.00 (1.70)
10.42 (1.53)
13.26 (1.30)
13.50 (1.05)
13.56 (2.21)
13.29 (0.87)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
8.39 (1.17)

12.90 (1.65)
7.00 (2.60)

12.30 (2.43)
13.00 (0.30)

9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.01 (1.56)
7.65 (1.32)

16.90 (2.10)
13.76 (1.96)
9.38 (0.43)

10.97 (1.53)
11.67 (1.94)

8.30 (1.68)
15.30 (0.75)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
8.96 (2.03)
8.69 (2.20)

16.22 (1.91)
12.30 (3.09)
9.66 (0.67)

11.67 (1.94)
9.68 (1.64)

11.73 (2.27)
13.46 (2.31)

Mean (SD)
Control

1.95 (1.52, 2.37)

2.76 (0.04, 5.48)
2.76 (0.04, 5.48)

4.16 (2.92, 5.41)
4.30 (2.78, 5.82)
4.60 (1.76, 7.44)
1.53 (-2.49, 5.55)
5.97 (-0.03, 11.97)

1.90 (1.38, 2.42)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
2.10 (1.36, 2.84)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
2.00 (0.73, 3.27)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
4.33 (2.76, 5.89)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.55 (0.68, 2.42)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
1.46 (0.12, 2.80)
1.39 (0.78, 2.00)
1.80 (0.10, 3.50)
0.22 (-4.34, 4.78)
4.64 (3.93, 5.35)
0.28 (-0.52, 1.07)
1.82 (0.48, 3.16)

1.97 (1.34, 2.61)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.83, 5.77)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
0.21 (-0.69, 1.12)
1.50 (0.52, 2.48)
2.65 (2.49, 2.80)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)

0.58 (-0.37, 1.54)
0.13 (-0.82, 1.08)
1.11 (0.04, 2.17)

(95% CI)
Effect

100.00
100.00

100.00
66.82
19.27
9.61
4.31

100.00
5.07
5.57
6.69
6.40
7.12
5.30
5.32
3.92
4.15
6.91
0.86
0.94
6.50
5.88
2.16
6.89
4.95
4.57
3.39
7.41

100.00
12.13
11.71
12.20
9.47

11.51
8.33
2.82

11.29
11.08
9.48

100.00
7.35
7.20
7.27
7.57
7.15
7.76
4.82
5.05
5.52
3.65
2.83
6.75
6.60
7.76
5.75
6.97

100.00
53.25
46.75

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by dose
Controlled trials (without Abdulla 1979) 
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(I2 = 97.7%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 30.9%, p = 0.216)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Bodgen et al, 1988
Bodgen et al, 1988
Swanson et al, 1988
Elderly

(I2 = 0.0%, p = .)
Subgroup, DL
Mazaheri Nia et al, 2021
Postmenopaulsal women

(I2 = 82.0%, p = 0.000)
Subgroup, DL
Khorsandi et al, 2019
Ayatollahi et al, 2022
Heckmann et al, 2005
Weismann et al, 1977
Black et al, 1988
Black et al, 1988
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2010
Wessells et al, 2010
Sullivan and Cousins, 1997
Sullivan et al, 1998
Adults

(I2 = 99.4%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Tamura et al, 1996
Rohmawati et al, 2021
Pregnancy and lactation

(I2 = 96.2%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Abdollahi et al, 2019
Hunt et al, 1985
Kaseb et al, 2013
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Berger et al, 2015
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Children and adolescents

(I2 = 94.9%, p = 0.000)
Subgroup, DL
Fahmida et al, 2007
Brown et al, 2007
Islam et al, 2022
Infants

Population and Author, year (group)

45 mg/d
45 mg/d Zn

100 mg/d Zn
15 mg/d Zn
30 mg/D Zn

25 mg/d Zn

30 mg/d Zn
50 mg/d Zn
20 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

22 mg/d Zn
25 mg/d Zn
20 mg/d Zn

7 mg/d Zn
5 mg/d Zn

20 mg/d Zn
1 mg/d Zn
8 mg/d Zn
8 mg/d Zn

10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
9 mg/d Zn
5 mg/d Zn
6 mg/d Zn

10 mg/d Zn
3 mg/d Zn

10 mg/d Zn

Description

104
52
12
12
4

6

15
13
12
12
12
12
12
12
12
12
12
10
8
8
8
8
6
6
4
4

3.3
3
3
3
2
2

24
17
12

36
26
19
16

12.9
12.9

12
12
12
4
3

2.1

26.1
26
24

Weeks

1899

147
38
24
32
36
17

57
57

501
18
40
24
13
9

13
25
24
27
22
26
26
12
11
40
20
13
10
15
30
24
5

16
17
10
11

155
50
70
35

882
134
272
56
48
12
12
31
39
21
75

149
33

157
25
80
52

N

16.62 (4.02)
15.90 (2.55)
16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

14.02 (2.70)

11.53 (1.25)
13.64 (1.22)
12.47 (3.00)
18.15 (4.49)
18.10 (4.05)
15.50 (1.62)
19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

11.56 (0.37)
9.10 (0.17)
9.04 (1.32)

10.05 (2.83)
12.23 (2.02)
9.68 (1.41)

11.86 (2.45)
11.32 (2.50)
11.46 (2.61)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
13.80 (2.94)
12.31 (0.67)
10.72 (1.58)

19.15 (1.55)
12.51 (2.39)
14.14 (0.44)

Mean (SD)
Treatment

1896

120
42
25
18
18
17

55
55

483
22
40
26
12
4
5

27
22
30
24
28
26
11
10
40
20
13
10
15
30
23
5
9

10
10
11

151
50
65
36

907
130
308
47
47
12
12
31
40
26
72

150
32

180
34
91
55

N

13.04 (1.56)
13.53 (1.48)
12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

9.38 (0.43)

10.42 (1.53)
13.26 (1.30)
11.01 (1.56)
15.39 (2.12)
13.50 (1.05)
13.50 (1.05)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

9.40 (0.60)
8.73 (0.16)
7.65 (1.32)

8.30 (1.68)
12.63 (2.72)
9.14 (1.25)

11.73 (2.27)
11.39 (1.97)
10.23 (1.45)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
12.30 (3.09)
9.66 (0.67)
9.68 (1.64)

15.30 (0.75)
11.58 (2.16)
11.27 (0.34)

Mean (SD)
Control

1.98 (1.54, 2.42)

3.54 (2.80, 4.28)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

4.64 (3.93, 5.35)
4.64 (3.93, 5.35)

2.01 (1.44, 2.58)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.30 (-0.09, 2.70)
2.16 (1.96, 2.35)
0.37 (0.31, 0.43)
1.39 (0.78, 2.00)

0.96 (0.07, 1.86)
1.75 (1.19, 2.31)
-0.40 (-0.78, -0.01)
0.54 (0.03, 1.05)
0.13 (-0.82, 1.08)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
1.50 (0.52, 2.48)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

2.57 (1.30, 3.83)
3.85 (3.19, 4.51)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)

(95% CI)
Effect

100.00
20.33
24.71
17.33
18.28
19.35

100.00
100.00

100.00
5.42
5.84
4.61
2.57
2.44
4.73
2.90
2.25
4.74
3.74
3.91
5.72
0.97
1.05
5.48
5.10
2.26
1.52
5.71
4.22
5.52
0.79
4.61
4.57
3.32
6.00

100.00
33.89
34.10
32.01

100.00
9.05
9.22
9.10
8.48
6.79
7.02
8.56
8.27
6.99
8.43
9.35
8.75

100.00
32.43
32.19
35.39

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by population
Controlled trials (without Abdulla 1979)
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(I2 = 97.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.507

(I2 = 94.8%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Kaseb et al, 2013
Khorsandi et al, 2019
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Palin et al, 1979
Ahmadi et al, 2020
Barrie et al, 1987
Swanson et al, 1988
Payahoo et al, 2013
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Mixed

(I2 = 97.5%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Ayatollahi et al, 2022
Rohmawati et al, 2021
Jafari et al, 2020
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Kim et al, 2014
Mazaheri Nia et al, 2021
DiSilvestro et al, 2015
Berger et al, 2015
Bogale et al, 2015
Females

(I2 = 0.0%, p = 0.478)
Subgroup, DL
Black et al, 1988
Black et al, 1988
Fernandes de Oliveira et al, 2009
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Fischer et al, 1984
Demetree et al, 1980
Wessells et al, 2010
Wessells et al, 2010
Sullivan and Cousins, 1997
Sullivan et al, 1998
Males

Sex and Author, year (group)

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
1 mg/d Zn

30 mg/d Zn
8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/D Zn
30 mg/d Zn
5 mg/d Zn
6 mg/d Zn

22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
50 mg/d Zn
20 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
25 mg/d Zn
60 mg/d Zn
9 mg/d Zn

20 mg/d Zn

75 mg/d Zn
50 mg/d Zn
22 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
16
15

12.9
12.9

12
12
12
12
12
12
12
12
12
8
8
4
4
4
3

2.1

24
19
17
13
12
12
12
10
8
6
6
4

3.3

12
12
12
8
8
6
3
3
3
2
2

Weeks

2163

1509
38
24

134
25

131
126
272
80
52
48
18
12
12
32
36
24
13
25
24
22
31
39
7

40
15
17
30

149
33

516
50
56
70
40
35
27
26
26
20
57
10
75
24

138
9

13
21
12
11
13
5

16
17
10
11

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.86 (2.45)
11.53 (1.25)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
19.56 (5.91)
11.78 (7.23)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
13.98 (5.93)
13.69 (1.87)
8.35 (0.58)

16.50 (2.47)
11.33 (3.52)
12.31 (0.67)
10.72 (1.58)

11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

13.64 (1.22)
9.04 (1.32)

16.88 (2.62)
17.03 (3.23)
12.22 (1.30)
14.90 (1.80)
14.02 (2.70)
13.76 (4.59)
13.80 (2.94)
11.25 (1.22)

18.10 (4.05)
15.50 (1.62)
18.70 (3.50)
26.45 (7.65)
23.85 (6.60)
18.35 (5.50)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2036

1420
42
25

130
34
65
65

308
91
55
47
22
12
12
18
18
26
12
27
22
24
31
40
10
40
15
17
30

150
32

502
50
47
65
40
36
30
28
26
20
55
10
72
23

114
4
5

26
11
10
13
5
9

10
10
11

N

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
11.73 (2.27)
10.42 (1.53)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
8.96 (2.03)
8.69 (2.20)

13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
13.76 (1.96)
13.31 (1.87)
8.39 (1.17)

12.90 (1.65)
7.00 (2.60)
9.66 (0.67)
9.68 (1.64)

9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

13.26 (1.30)
7.65 (1.32)

13.56 (2.21)
14.16 (3.33)
10.84 (1.09)
14.10 (1.60)
9.38 (0.43)

12.23 (4.59)
12.30 (3.09)
10.97 (1.53)

13.50 (1.05)
13.50 (1.05)
16.90 (2.10)
23.39 (5.20)
21.56 (5.20)
15.14 (0.83)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

1.95 (1.52, 2.37)

2.00 (1.49, 2.50)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
4.33 (2.76, 5.89)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

1.58 (0.86, 2.29)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.38 (-0.17, 0.94)
1.39 (0.78, 2.00)
3.32 (2.06, 4.59)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)

1.67 (1.34, 2.00)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.80 (0.10, 3.50)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
3.21 (0.19, 6.23)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
3.36
3.59
4.22
4.14
4.06
4.18
4.34
4.12
4.44
3.85
3.94
2.84
2.97
3.16
3.23
3.39
1.94
2.18
1.70
2.78
3.90
3.71
0.96
3.99
4.14
3.30
3.12
4.44
4.02

100.00
9.07
8.72
9.13
8.66
8.56
7.10
5.90
8.49
7.62
8.38
2.35
7.81
8.21

100.00
1.38
6.87
3.85
0.40
0.44
1.22
0.31
6.22
5.98
2.46

70.89

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by sex
Controlled trials (without Abdulla 1979)
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(I2 = 97.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.492

(I2 = 97.7%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Black et al, 1988
Black et al, 1988
Rohmawati et al, 2021
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Palin et al, 1979
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Swanson et al, 1988
Berger et al, 2015
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Sullivan and Cousins, 1997
Sullivan et al, 1998
Normal

(I2 = 89.0%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Mazaheri Nia et al, 2021
Wessells et al, 2010
Wessells et al, 2010
Low

Status at baseline and Author, year (group)

45 mg/d
45 mg/d Zn
10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

7 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
20 mg/d Zn
10 mg/d Zn

Description

104
52

26.1
26
26
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
6
6
4
4
4
4

3.3
3
3

2.1
2
2

36
8
8
6
3
3

Weeks

2163

1916
38
24
25

131
126
272
80
52
50
56
70
48
18
40
12
12
32
36
24
13
9

13
35
25
24
27
22
31
39
21
26
26
7

40
20
13
10
15
17
75
30
24
5

149
33
10
11

247
134
12
11
57
16
17

N

16.62 (4.02)
15.90 (2.55)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
13.98 (5.93)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

10.05 (2.83)
26.45 (7.65)
23.85 (6.60)
14.02 (2.70)
13.49 (0.88)
12.98 (1.36)

Mean (SD)
Treatment

2036

1811
42
25
34
65
65

308
91
55
50
47
65
47
22
40
12
12
18
18
26
12
4
5

36
27
22
30
24
31
40
26
28
26
10
40
20
13
10
15
17
72
30
23
5

150
32
10
11

225
130
11
10
55
9

10

N

13.04 (1.56)
13.53 (1.48)
15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
13.76 (1.96)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

8.30 (1.68)
23.39 (5.20)
21.56 (5.20)
9.38 (0.43)

11.67 (1.94)
11.67 (1.94)

Mean (SD)
Control

1.95 (1.52, 2.37)

1.89 (1.45, 2.34)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

2.46 (0.90, 4.01)
1.75 (1.19, 2.31)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
4.64 (3.93, 5.35)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)

(95% CI)
Effect

100.00
2.16
2.28
2.55
2.51
2.57
2.65
2.54
2.69
2.69
2.61
2.70
2.41
2.45
2.59
1.88
1.95
2.05
2.09
2.17
1.35
1.29
2.21
2.57
1.49
1.20
2.22
1.84
2.43
2.34
1.94
1.91
2.55
0.71
2.48
2.35
1.20
0.84
2.55
2.13
2.39
2.03
2.49
0.46
2.69
2.49
1.67
2.65

100.00
23.33
6.31
6.77

22.90
20.41
20.28

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by status at baseline
Controlled trials (without Abdulla 1979)
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(I2 = 97.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 0.0%, p = 0.739)
Subgroup, DL
Bodgen et al, 1988
Bodgen et al, 1988
Swanson et al, 1988
Zinc acetate

(I2 = 84.3%, p = 0.000)
Subgroup, DL
Prasad et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Heckmann et al, 2005
Black et al, 1988
Black et al, 1988
Yosaee et al, 2019 (Zinc + Vitamin D VS Vitamin D only)
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Fernandes de Oliveira et al, 2009
Mesdaghinia et al, 2019
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Payahoo et al, 2013
Sullivan and Cousins, 1997
Sullivan et al, 1998
Zinc gluconate

(I2 = 98.5%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Wessells et al, 2020
Fahmida et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Weismann et al, 1977
Rohmawati et al, 2021
Gülsan et al, 2013
Mujica-Coopman et al, 2015
Palin et al, 1979
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Mazaheri Nia et al, 2021
Berger et al, 2015
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Wessells et al, 2010
Ba Lo et al, 2011
Zinc sulfate

Supplementation type and Author, year (group)

100 mg/d Zn
15 mg/d Zn
30 mg/D Zn

45 mg/d Zn
30 mg/d Zn
15 mg/d Zn
20 mg/d Zn
75 mg/d Zn
50 mg/d Zn

4 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn

45 mg/d
7 mg/d Zn

10 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

135 mg/d Zn
20 mg/d Zn
1 mg/d Zn

30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
9 mg/d Zn

20 mg/d Zn
100 mg/d Zn

5 mg/d Zn
20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

Description

12
12
4

52
26
26
12
12
12
12
12
12
12
12
12
10
8
6
6
4
4
2
2

104
36

26.1
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
8
8
8
8
6
4

3.3
3
3
3
3

2.1

Weeks

2163

85
32
36
17

612
24

131
126
24
9

13
25
24
27
22
31
21
26
20
13
10
15
30
10
11

1466
38

134
25

272
80
52
50
56
70
48
18
40
12
12
13
35
39
26
7

12
11
40
57
75
24
5

149
16
17
33

N

16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

15.90 (2.55)
15.10 (3.60)
14.00 (2.60)
12.47 (3.00)
18.10 (4.05)
15.50 (1.62)
19.56 (5.91)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
18.70 (3.50)
12.22 (1.30)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
15.00 (2.43)
14.50 (0.60)

16.62 (4.02)
10.05 (2.83)
19.15 (1.55)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
18.15 (4.49)
9.04 (1.32)

14.56 (2.53)
17.03 (3.23)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.02 (2.70)
13.80 (2.94)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)

Mean (SD)
Treatment

2036

53
18
18
17

485
25
65
65
26
4
5

27
22
30
24
31
26
26
20
13
10
15
30
10
11

1498
42

130
34

308
91
55
50
47
65
47
22
40
12
12
12
36
40
28
10
11
10
40
55
72
23
5

150
9

10
32

N

12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

13.53 (1.48)
13.00 (1.70)
13.00 (1.70)
11.01 (1.56)
13.50 (1.05)
13.50 (1.05)
8.96 (2.03)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
16.90 (2.10)
10.84 (1.09)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

12.30 (2.43)
13.00 (0.30)

13.04 (1.56)
8.30 (1.68)

15.30 (0.75)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
15.39 (2.12)
7.65 (1.32)

13.46 (2.31)
14.16 (3.33)
13.76 (1.96)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
9.38 (0.43)

12.30 (3.09)
10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

Mean (SD)
Control

1.95 (1.52, 2.37)

4.05 (3.20, 4.90)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

2.17 (1.55, 2.80)
2.37 (1.20, 3.54)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
1.46 (0.12, 2.80)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
10.60 (8.16, 13.04)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.80 (0.10, 3.50)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.56 (0.99, 2.13)
3.58 (2.22, 4.94)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
2.76 (0.04, 5.48)
1.39 (0.78, 2.00)
1.11 (0.04, 2.17)
2.87 (1.12, 4.62)
0.22 (-4.34, 4.78)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
4.64 (3.93, 5.35)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)

(95% CI)
Effect

100.00
30.85
33.18
35.96

100.00
5.77
6.57
6.77
5.43
2.90
5.57
3.44
2.67
5.58
4.42
6.30
4.71
6.72
6.00
2.68
1.81
6.70
4.98
3.93
7.04

100.00
3.37
4.01
3.95
4.09
3.93
4.15
4.15
4.03
4.16
3.74
3.81
4.01
2.95
3.05
2.14
3.98
3.64
2.99
1.14
0.91
0.98
3.84
3.91
3.71
3.86
0.74
4.15
3.39
3.37
3.86

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by supplementation type
Controlled trials (without Abdulla 1979)
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(I2 = 97.8%, p = 0.000)
Overall, DL
Stur et al, 1996
Prasad et al, 2007
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Black et al, 1988
Black et al, 1988
Rohmawati et al, 2021
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Palin et al, 1979
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
Mazaheri Nia et al, 2021
DiSilvestro et al, 2015
Barrie et al, 1987
Swanson et al, 1988
Berger et al, 2015
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Wessells et al, 2010
Ba Lo et al, 2011
Sullivan and Cousins, 1997
Sullivan et al, 1998

Author, year (group)

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
25 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn

20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
8
8
6
6
6
4
4
4
4

3.3
3
3
3
3

2.1
2
2

Weeks

2145
38
24

134
25

131
126
272
80
52
50
56
70
48
18
40
12
12
32
36
24
13
7
9

13
35
24
27
22
31
39
21
26
26
7

12
11
40
20
13
57
10
15
17
75
30
24
5

149
16
17
33
10
11

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
14.02 (2.70)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2014
42
25

130
34
65
65

308
91
55
50
47
65
47
22
40
12
12
18
18
26
12
5
4
5

36
22
30
24
31
40
26
28
26
10
11
10
40
20
13
55
10
15
17
72
30
23
5

150
9

10
32
10
11

N

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
13.76 (1.96)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
9.38 (0.43)

12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

2.03 (1.59, 2.47)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.22 (-4.34, 4.78)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
1.95
2.04
2.30
2.27
2.24
2.29
2.35
2.26
2.39
2.38
2.32
2.39
2.15
2.19
2.31
1.71
1.77
1.86
1.89
1.96
1.25
1.92
1.20
1.99
2.29
1.12
2.00
1.68
2.17
2.10
1.76
1.74
2.27
0.67
0.54
0.58
2.21
2.10
1.13
2.25
0.80
2.27
1.92
2.14
1.84
2.22
0.44
2.39
1.96
1.95
2.22
1.53
2.35

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L)
Controlled trials (without Yosaee 2019)
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 97.3%, p = 0.000)
Subgroup, DL
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Supplementation 101 to 151 mg/d Zn

(I2 = 0.0%, p = 0.548)
Subgroup, DL
Bodgen et al, 1988
Black et al, 1988
DiSilvestro et al, 2015
Demetree et al, 1980
Supplementation 51 to 100 mg/d Zn

(I2 = 79.8%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Hiniger-Favier et al, 2007
Khorsandi et al, 2019
Ayatollahi et al, 2022
Black et al, 1988
Jafari et al, 2020
Solati et al, 2015
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
Barrie et al, 1987
Swanson et al, 1988
Payahoo et al, 2013
Sullivan and Cousins, 1997
Sullivan et al, 1998
Supplementation 26 to 50 mg/d Zn

(I2 = 98.0%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Heckmann et al, 2005
Rohmawati et al, 2021
Fernandes de Oliveira et al, 2009
Palin et al, 1979
Mazaheri Nia et al, 2021
Bogale et al, 2015
Wessells et al, 2010
Supplementation 16 to 25 mg/d Zn

(I2 = 96.2%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Yosaee et al, 2020
Gomes Dantas Lopes et al, 2015
Berger et al, 2015
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Ba Lo et al, 2011
Supplementation 3 to 15 mg/d Zn

(I2 = 44.4%, p = 0.180)
Subgroup, DL
Kaseb et al, 2013
Gülsan et al, 2013
Supplementation 1 to 2.9 mg/d Zn

Dose and Author, year (group)

135 mg/d Zn
135 mg/d Zn

100 mg/d Zn
75 mg/d Zn
60 mg/d Zn

100 mg/d Zn

45 mg/d
45 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/D Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn

22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
20 mg/d Zn
20 mg/d Zn
22 mg/d Zn
23 mg/d Zn
25 mg/d Zn
20 mg/d Zn
20 mg/d Zn

7 mg/d Zn
10 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
8 mg/d Zn
8 mg/d Zn

15 mg/d Zn
4 mg/d Zn

10 mg/d Zn
9 mg/d Zn
5 mg/d Zn

10 mg/d Zn
6 mg/d Zn

1 mg/d Zn
1 mg/d Zn

Description

12
12

12
12
6
3

104
52
26
15
13
12
12
12
12
10
8
8
8
8
6
4
4
4
2
2

24
19
17
12
12
12
8
6

3.3
3

36
26.1

26
26
26
24

12.9
12.9

12
12
12
4
3
3

2.1

16
12

Weeks

2145

20
13
7

56
32
9

10
5

544
38
24

131
18
40
13
27
22
26
26
12
11
40
20
13
15
17
30
10
11

360
50
56
70
24
35
21
7

57
24
16

1078
134
25

126
272
80
52
12
12
36
24
31
75

149
17
33

87
48
39

N

18.15 (4.49)
27.40 (1.50)

16.80 (3.50)
18.10 (4.05)
13.76 (4.59)
14.07 (6.27)

16.62 (4.02)
15.90 (2.55)
15.10 (3.60)
11.53 (1.25)
13.64 (1.22)
15.50 (1.62)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
8.35 (0.58)

16.50 (2.47)
11.33 (3.52)
15.00 (2.43)
14.50 (0.60)

11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

12.47 (3.00)
9.04 (1.32)

18.70 (3.50)
13.98 (5.93)
14.02 (2.70)
11.25 (1.22)
13.49 (0.88)

10.05 (2.83)
19.15 (1.55)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
11.78 (7.23)
16.44 (1.70)
13.80 (2.94)
12.31 (0.67)
12.98 (1.36)
10.72 (1.58)

11.86 (2.45)
14.56 (2.53)

Mean (SD)
Treatment

2014

17
12
5

37
18
4

10
5

484
42
25
65
22
40
5

30
24
28
26
11
10
40
20
13
15
17
30
10
11

347
50
47
65
26
36
26
10
55
23
9

1042
130
34
65

308
91
55
12
12
18
22
31
72

150
10
32

87
47
40

N

15.39 (2.12)
15.20 (1.00)

12.50 (2.00)
13.50 (1.05)
12.23 (4.59)
8.10 (2.75)

13.04 (1.56)
13.53 (1.48)
13.00 (1.70)
10.42 (1.53)
13.26 (1.30)
13.50 (1.05)
13.56 (2.21)
13.29 (0.87)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
8.39 (1.17)

12.90 (1.65)
7.00 (2.60)

12.30 (2.43)
13.00 (0.30)

9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.01 (1.56)
7.65 (1.32)

16.90 (2.10)
13.76 (1.96)
9.38 (0.43)

10.97 (1.53)
11.67 (1.94)

8.30 (1.68)
15.30 (0.75)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
8.69 (2.20)

16.22 (1.91)
12.30 (3.09)
9.66 (0.67)

11.67 (1.94)
9.68 (1.64)

11.73 (2.27)
13.46 (2.31)

Mean (SD)
Control

2.03 (1.59, 2.47)

7.55 (-1.70, 16.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)

4.16 (2.92, 5.41)
4.30 (2.78, 5.82)
4.60 (1.76, 7.44)
1.53 (-2.49, 5.55)
5.97 (-0.03, 11.97)

1.90 (1.38, 2.42)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
2.10 (1.36, 2.84)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
2.00 (0.73, 3.27)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
4.33 (2.76, 5.89)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.55 (0.68, 2.42)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
1.46 (0.12, 2.80)
1.39 (0.78, 2.00)
1.80 (0.10, 3.50)
0.22 (-4.34, 4.78)
4.64 (3.93, 5.35)
0.28 (-0.52, 1.07)
1.82 (0.48, 3.16)

1.65 (1.03, 2.27)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.83, 5.77)
3.09 (0.06, 6.13)
0.21 (-0.69, 1.12)
1.50 (0.52, 2.48)
2.65 (2.49, 2.80)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)

0.58 (-0.37, 1.54)
0.13 (-0.82, 1.08)
1.11 (0.04, 2.17)

(95% CI)
Effect

100.00
49.21
50.79

100.00
66.82
19.27
9.61
4.31

100.00
5.07
5.57
6.69
6.40
7.12
5.30
5.32
3.92
4.15
6.91
0.86
0.94
6.50
5.88
2.16
6.89
4.95
4.57
3.39
7.41

100.00
12.13
11.71
12.20
9.47

11.51
8.33
2.82

11.29
11.08
9.48

100.00
7.70
7.52
7.61
7.96
7.47
8.18
4.87
5.12
5.63
2.78
7.01
6.83
8.17
5.89
7.27

100.00
53.25
46.75

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by dose
Controlled trials (without Yosaee 2019) 
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(I2 = 97.9%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 30.9%, p = 0.216)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Bodgen et al, 1988
Bodgen et al, 1988
Swanson et al, 1988
Elderly

(I2 = 0.0%, p = .)
Subgroup, DL
Mazaheri Nia et al, 2021
Postmenopaulsal women

(I2 = 91.9%, p = 0.000)
Subgroup, DL
Khorsandi et al, 2019
Ayatollahi et al, 2022
Heckmann et al, 2005
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Black et al, 1988
Black et al, 1988
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2010
Wessells et al, 2010
Sullivan and Cousins, 1997
Sullivan et al, 1998
Adults

(I2 = 99.4%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Tamura et al, 1996
Rohmawati et al, 2021
Pregnancy and lactation

(I2 = 96.2%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Abdollahi et al, 2019
Hunt et al, 1985
Kaseb et al, 2013
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Berger et al, 2015
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Children and adolescents

(I2 = 94.9%, p = 0.000)
Subgroup, DL
Fahmida et al, 2007
Brown et al, 2007
Islam et al, 2022
Infants

Population and Author, year (group)

45 mg/d
45 mg/d Zn

100 mg/d Zn
15 mg/d Zn
30 mg/D Zn

25 mg/d Zn

30 mg/d Zn
50 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

22 mg/d Zn
25 mg/d Zn
20 mg/d Zn

7 mg/d Zn
5 mg/d Zn

20 mg/d Zn
1 mg/d Zn
8 mg/d Zn
8 mg/d Zn

10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
9 mg/d Zn
5 mg/d Zn
6 mg/d Zn

10 mg/d Zn
3 mg/d Zn

10 mg/d Zn

Description

104
52
12
12
4

6

15
13
12
12
12
12
12
12
12
12
12
10
8
8
8
8
6
6
4
4

3.3
3
3
3
2
2

24
17
12

36
26
19
16

12.9
12.9

12
12
12
4
3

2.1

26.1
26
24

Weeks

1881

147
38
24
32
36
17

57
57

483
18
40
24
13
7
9

13
24
27
22
26
26
12
11
40
20
13
10
15
30
24
5

16
17
10
11

155
50
70
35

882
134
272
56
48
12
12
31
39
21
75

149
33

157
25
80
52

N

16.62 (4.02)
15.90 (2.55)
16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

14.02 (2.70)

11.53 (1.25)
13.64 (1.22)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
17.03 (3.23)
12.22 (1.30)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

11.56 (0.37)
9.10 (0.17)
9.04 (1.32)

10.05 (2.83)
12.23 (2.02)
9.68 (1.41)

11.86 (2.45)
11.32 (2.50)
11.46 (2.61)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
13.80 (2.94)
12.31 (0.67)
10.72 (1.58)

19.15 (1.55)
12.51 (2.39)
14.14 (0.44)

Mean (SD)
Treatment

1874

120
42
25
18
18
17

55
55

461
22
40
26
12
5
4
5

22
30
24
28
26
11
10
40
20
13
10
15
30
23
5
9

10
10
11

151
50
65
36

907
130
308
47
47
12
12
31
40
26
72

150
32

180
34
91
55

N

13.04 (1.56)
13.53 (1.48)
12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

9.38 (0.43)

10.42 (1.53)
13.26 (1.30)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
13.50 (1.05)
13.50 (1.05)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
14.16 (3.33)
10.84 (1.09)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

9.40 (0.60)
8.73 (0.16)
7.65 (1.32)

8.30 (1.68)
12.63 (2.72)
9.14 (1.25)

11.73 (2.27)
11.39 (1.97)
10.23 (1.45)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
12.30 (3.09)
9.66 (0.67)
9.68 (1.64)

15.30 (0.75)
11.58 (2.16)
11.27 (0.34)

Mean (SD)
Control

2.07 (1.62, 2.53)

3.54 (2.80, 4.28)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

4.64 (3.93, 5.35)
4.64 (3.93, 5.35)

2.35 (1.55, 3.16)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.30 (-0.09, 2.70)
2.16 (1.96, 2.35)
0.37 (0.31, 0.43)
1.39 (0.78, 2.00)

0.96 (0.07, 1.86)
1.75 (1.19, 2.31)
-0.40 (-0.78, -0.01)
0.54 (0.03, 1.05)
0.13 (-0.82, 1.08)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
1.50 (0.52, 2.48)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

2.57 (1.30, 3.83)
3.85 (3.19, 4.51)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)

(95% CI)
Effect

100.00
20.33
24.71
17.33
18.28
19.35

100.00
100.00

100.00
4.75
4.91
4.41
3.20
4.35
3.10
4.46
2.94
4.47
3.97
4.06
4.86
1.58
1.69
4.77
4.62
2.94
2.23
4.86
4.22
4.79
1.33
4.41
4.39
3.72
4.96

100.00
33.89
34.10
32.01

100.00
9.05
9.22
9.10
8.48
6.79
7.02
8.56
8.27
6.99
8.43
9.35
8.75

100.00
32.43
32.19
35.39

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by population
Controlled trials (without Yosaee 2019)
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.281

(I2 = 95.9%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Wessells et al, 2020
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Kaseb et al, 2013
Khorsandi et al, 2019
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Yosaee et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Palin et al, 1979
Ahmadi et al, 2020
Barrie et al, 1987
Swanson et al, 1988
Payahoo et al, 2013
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Mixed

(I2 = 97.5%, p = 0.000)
Subgroup, DL
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Ayatollahi et al, 2022
Rohmawati et al, 2021
Jafari et al, 2020
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Kim et al, 2014
Mazaheri Nia et al, 2021
DiSilvestro et al, 2015
Berger et al, 2015
Bogale et al, 2015
Females

(I2 = 0.0%, p = 0.478)
Subgroup, DL
Black et al, 1988
Black et al, 1988
Fernandes de Oliveira et al, 2009
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Fischer et al, 1984
Demetree et al, 1980
Wessells et al, 2010
Wessells et al, 2010
Sullivan and Cousins, 1997
Sullivan et al, 1998
Males

Sex and Author, year (group)

45 mg/d
45 mg/d Zn
7 mg/d Zn

10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
1 mg/d Zn

30 mg/d Zn
8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn

4 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
30 mg/D Zn
30 mg/d Zn
5 mg/d Zn
6 mg/d Zn

22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
50 mg/d Zn
20 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
30 mg/d Zn
25 mg/d Zn
60 mg/d Zn
9 mg/d Zn

20 mg/d Zn

75 mg/d Zn
50 mg/d Zn
22 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn

100 mg/d Zn
20 mg/d Zn
10 mg/d Zn
50 mg/d Zn
50 mg/d Zn

Description

104
52
36

26.1
26
26
26
26
24
16
15

12.9
12.9

12
12
12
12
12
12
12
12
12
8
8
4
4
4
3

2.1

24
19
17
13
12
12
12
10
8
6
6
4

3.3

12
12
12
8
8
6
3
3
3
2
2

Weeks

2145

1491
38
24

134
25

131
126
272
80
52
48
18
12
12
32
36
24
13
7

24
22
31
39
7

40
15
17
30

149
33

516
50
56
70
40
35
27
26
26
20
57
10
75
24

138
9

13
21
12
11
13
5

16
17
10
11

N

16.62 (4.02)
15.90 (2.55)
10.05 (2.83)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.86 (2.45)
11.53 (1.25)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
11.78 (7.23)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
13.98 (5.93)
13.69 (1.87)
8.35 (0.58)

16.50 (2.47)
11.33 (3.52)
12.31 (0.67)
10.72 (1.58)

11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

13.64 (1.22)
9.04 (1.32)

16.88 (2.62)
17.03 (3.23)
12.22 (1.30)
14.90 (1.80)
14.02 (2.70)
13.76 (4.59)
13.80 (2.94)
11.25 (1.22)

18.10 (4.05)
15.50 (1.62)
18.70 (3.50)
26.45 (7.65)
23.85 (6.60)
18.35 (5.50)
14.07 (6.27)
13.49 (0.88)
12.98 (1.36)
15.00 (2.43)
14.50 (0.60)

Mean (SD)
Treatment

2014

1398
42
25

130
34
65
65

308
91
55
47
22
12
12
18
18
26
12
5

22
24
31
40
10
40
15
17
30

150
32

502
50
47
65
40
36
30
28
26
20
55
10
72
23

114
4
5

26
11
10
13
5
9

10
10
11

N

13.04 (1.56)
13.53 (1.48)
8.30 (1.68)

15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
11.73 (2.27)
10.42 (1.53)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
8.69 (2.20)

13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
13.76 (1.96)
13.31 (1.87)
8.39 (1.17)

12.90 (1.65)
7.00 (2.60)
9.66 (0.67)
9.68 (1.64)

9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

13.26 (1.30)
7.65 (1.32)

13.56 (2.21)
14.16 (3.33)
10.84 (1.09)
14.10 (1.60)
9.38 (0.43)

12.23 (4.59)
12.30 (3.09)
10.97 (1.53)

13.50 (1.05)
13.50 (1.05)
16.90 (2.10)
23.39 (5.20)
21.56 (5.20)
15.14 (0.83)
8.10 (2.75)

11.67 (1.94)
11.67 (1.94)
12.30 (2.43)
13.00 (0.30)

Mean (SD)
Control

2.03 (1.59, 2.47)

2.16 (1.61, 2.72)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
3.09 (0.06, 6.13)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
4.33 (2.76, 5.89)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)

1.58 (0.86, 2.29)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.38 (-0.17, 0.94)
1.39 (0.78, 2.00)
3.32 (2.06, 4.59)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
4.64 (3.93, 5.35)
1.53 (-2.49, 5.55)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)

1.67 (1.34, 2.00)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.80 (0.10, 3.50)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
3.21 (0.19, 6.23)
5.97 (-0.03, 11.97)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

(95% CI)
Effect

100.00
3.37
3.56
4.06
4.00
3.94
4.03
4.15
3.98
4.22
3.77
3.84
2.93
3.04
3.21
3.26
3.39
2.10
3.32
1.87
2.87
3.81
3.66
1.10
3.88
4.00
3.32
3.17
4.22
3.91

100.00
9.07
8.72
9.13
8.66
8.56
7.10
5.90
8.49
7.62
8.38
2.35
7.81
8.21

100.00
1.38
6.87
3.85
0.40
0.44
1.22
0.31
6.22
5.98
2.46

70.89

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by sex
Controlled trials (withoutYosaee 2019)

115



(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.570

(I2 = 97.9%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Prasad et al, 2007
Fahmida et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Bodgen et al, 1988
Bodgen et al, 1988
Heckmann et al, 2005
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Black et al, 1988
Black et al, 1988
Rohmawati et al, 2021
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Gülsan et al, 2013
Fernandes de Oliveira et al, 2009
Mujica-Coopman et al, 2015
Mesdaghinia et al, 2019
Palin et al, 1979
Ahmadi et al, 2020
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Swanson et al, 1988
Berger et al, 2015
Payahoo et al, 2013
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Ba Lo et al, 2011
Sullivan and Cousins, 1997
Sullivan et al, 1998
Normal

(I2 = 89.0%, p = 0.000)
Subgroup, DL
Wessells et al, 2020
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Mazaheri Nia et al, 2021
Wessells et al, 2010
Wessells et al, 2010
Low

Status at baseline and Author, year (group)

45 mg/d
45 mg/d Zn
10 mg/d Zn
30 mg/d Zn
15 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

100 mg/d Zn
15 mg/d Zn
20 mg/d Zn
135 mg/d Zn
135 mg/d Zn
75 mg/d Zn
50 mg/d Zn
20 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
1 mg/d Zn

22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/D Zn

9 mg/d Zn
30 mg/d Zn
20 mg/d Zn

100 mg/d Zn
5 mg/d Zn
6 mg/d Zn

50 mg/d Zn
50 mg/d Zn

7 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
20 mg/d Zn
10 mg/d Zn

Description

104
52

26.1
26
26
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
10
8
8
8
6
6
4
4
4
4

3.3
3
3

2.1
2
2

36
8
8
6
3
3

Weeks

2145

1898
38
24
25

131
126
272
80
52
50
56
70
48
18
40
12
12
32
36
24
13
7
9

13
35
24
27
22
31
39
21
26
26
7

40
20
13
10
15
17
75
30
24
5

149
33
10
11

247
134
12
11
57
16
17

N

16.62 (4.02)
15.90 (2.55)
19.15 (1.55)
15.10 (3.60)
14.00 (2.60)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
16.80 (3.50)
16.80 (3.50)
12.47 (3.00)
18.15 (4.49)
27.40 (1.50)
18.10 (4.05)
15.50 (1.62)
9.04 (1.32)

11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
14.56 (2.53)
18.70 (3.50)
17.03 (3.23)
12.22 (1.30)
13.98 (5.93)
13.69 (1.87)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

16.50 (2.47)
13.80 (2.94)
11.33 (3.52)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
10.72 (1.58)
15.00 (2.43)
14.50 (0.60)

10.05 (2.83)
26.45 (7.65)
23.85 (6.60)
14.02 (2.70)
13.49 (0.88)
12.98 (1.36)

Mean (SD)
Treatment

2014

1789
42
25
34
65
65

308
91
55
50
47
65
47
22
40
12
12
18
18
26
12
5
4
5

36
22
30
24
31
40
26
28
26
10
40
20
13
10
15
17
72
30
23
5

150
32
10
11

225
130
11
10
55
9

10

N

13.04 (1.56)
13.53 (1.48)
15.30 (0.75)
13.00 (1.70)
13.00 (1.70)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
12.50 (2.00)
12.50 (2.00)
11.01 (1.56)
15.39 (2.12)
15.20 (1.00)
13.50 (1.05)
13.50 (1.05)
7.65 (1.32)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
13.46 (2.31)
16.90 (2.10)
14.16 (3.33)
10.84 (1.09)
13.76 (1.96)
13.31 (1.87)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)

12.90 (1.65)
12.30 (3.09)
7.00 (2.60)

10.97 (1.53)
8.10 (2.75)
9.66 (0.67)
9.68 (1.64)

12.30 (2.43)
13.00 (0.30)

8.30 (1.68)
23.39 (5.20)
21.56 (5.20)
9.38 (0.43)

11.67 (1.94)
11.67 (1.94)

Mean (SD)
Control

2.03 (1.59, 2.47)

1.99 (1.53, 2.45)
3.58 (2.22, 4.94)
2.37 (1.20, 3.54)
3.85 (3.19, 4.51)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
1.46 (0.12, 2.80)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
1.39 (0.78, 2.00)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.11 (0.04, 2.17)
1.80 (0.10, 3.50)
2.87 (1.12, 4.62)
1.38 (0.73, 2.03)
0.22 (-4.34, 4.78)
0.37 (-0.45, 1.19)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
3.60 (2.19, 5.01)
1.50 (0.52, 2.48)
4.33 (2.76, 5.89)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.04 (0.26, 1.82)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

2.46 (0.90, 4.01)
1.75 (1.19, 2.31)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
4.64 (3.93, 5.35)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)

(95% CI)
Effect

100.00
2.15
2.26
2.51
2.48
2.53
2.60
2.50
2.64
2.64
2.57
2.65
2.38
2.43
2.55
1.89
1.95
2.05
2.09
2.16
1.38
2.12
1.32
2.20
2.53
1.23
2.21
1.85
2.41
2.32
1.95
1.92
2.52
0.74
2.45
2.33
1.24
0.88
2.51
2.12
2.37
2.03
2.46
0.48
2.64
2.46
1.69
2.60

100.00
23.33
6.31
6.77

22.90
20.41
20.28

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by status at baseline
Controlled trials (without Yosaee 2019)
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(I2 = 97.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 0.0%, p = 0.739)
Subgroup, DL
Bodgen et al, 1988
Bodgen et al, 1988
Swanson et al, 1988
Zinc acetate

(I2 = 73.1%, p = 0.000)
Subgroup, DL
Prasad et al, 2007
Hiniger-Favier et al, 2007
Hiniger-Favier et al, 2007
Heckmann et al, 2005
Black et al, 1988
Black et al, 1988
Yosaee et al, 2020
Jafari et al, 2020
Solati et al, 2015
Gomes Dantas Lopes et al, 2015
Fernandes de Oliveira et al, 2009
Mesdaghinia et al, 2019
Kim et al, 2014
Fischer et al, 1984
DiSilvestro et al, 2015
Barrie et al, 1987
Payahoo et al, 2013
Sullivan and Cousins, 1997
Sullivan et al, 1998
Zinc gluconate

(I2 = 98.6%, p = 0.000)
Subgroup, DL
Stur et al, 1996
Wessells et al, 2020
Fahmida et al, 2007
Abdollahi et al, 2019
Brown et al, 2007
Islam et al, 2022
Yalda and Ibrahiem, 2010
Hunt et al, 1985
Tamura et al, 1996
Kaseb et al, 2013
Khorsandi et al, 2019
Ayatollahi et al, 2022
Surono et al, 2014 (Zn + Probiotic VS Probiotic only)
Surono et al, 2014
Weismann et al, 1977
Abdulla and Svensson, 1979 (Study 1)
Rohmawati et al, 2021
Gülsan et al, 2013
Mujica-Coopman et al, 2015
Palin et al, 1979
Crouse et al, 1984 (Sedentary)
Crouse et al, 1984 (Endurance-trained)
Ahmadi et al, 2020
Mazaheri Nia et al, 2021
Berger et al, 2015
Bogale et al, 2015
Demetree et al, 1980
Wessells et al, 2012 (tablet)
Wessells et al, 2010
Wessells et al, 2010
Ba Lo et al, 2011
Zinc sulfate

Supplementation type and Author, year (group)

100 mg/d Zn
15 mg/d Zn
30 mg/D Zn

45 mg/d Zn
30 mg/d Zn
15 mg/d Zn
20 mg/d Zn
75 mg/d Zn
50 mg/d Zn
4 mg/d Zn

30 mg/d Zn
30 mg/d Zn
10 mg/d Zn
22 mg/d Zn
30 mg/d Zn
30 mg/d Zn
50 mg/d Zn
60 mg/d Zn
50 mg/d Zn
30 mg/d Zn
50 mg/d Zn
50 mg/d Zn

45 mg/d
7 mg/d Zn

10 mg/d Zn
5 mg/d Zn
3 mg/d Zn

10 mg/d Zn
22 mg/d Zn
20 mg/d Zn
25 mg/d Zn
1 mg/d Zn

30 mg/d Zn
50 mg/d Zn

8 mg/d Zn
8 mg/d Zn

135 mg/d Zn
135 mg/d Zn
20 mg/d Zn
1 mg/d Zn

30 mg/d Zn
23 mg/d Zn
50 mg/d Zn
50 mg/d Zn
50 mg/d Zn
25 mg/d Zn
9 mg/d Zn

20 mg/d Zn
100 mg/d Zn

5 mg/d Zn
20 mg/d Zn
10 mg/d Zn
6 mg/d Zn

Description

12
12
4

52
26
26
12
12
12
12
12
12
12
12
10
8
6
6
4
4
2
2

104
36

26.1
26
26
24
24
19
17
16
15
13

12.9
12.9

12
12
12
12
12
8
8
8
8
6
4

3.3
3
3
3
3

2.1

Weeks

2145

85
32
36
17

587
24

131
126
24
9

13
24
27
22
31
21
26
20
13
10
15
30
10
11

1473
38

134
25

272
80
52
50
56
70
48
18
40
12
12
13
7

35
39
26
7

12
11
40
57
75
24
5

149
16
17
33

N

16.80 (3.50)
16.80 (3.50)
16.50 (2.47)

15.90 (2.55)
15.10 (3.60)
14.00 (2.60)
12.47 (3.00)
18.10 (4.05)
15.50 (1.62)
11.78 (7.23)
16.88 (2.62)
15.45 (4.36)
16.44 (1.70)
18.70 (3.50)
12.22 (1.30)
14.90 (1.80)
18.35 (5.50)
13.76 (4.59)
8.35 (0.58)

11.33 (3.52)
15.00 (2.43)
14.50 (0.60)

16.62 (4.02)
10.05 (2.83)
19.15 (1.55)
12.23 (2.02)
12.51 (2.39)
14.14 (0.44)
11.56 (0.37)
9.68 (1.41)
9.10 (0.17)

11.86 (2.45)
11.53 (1.25)
13.64 (1.22)
11.32 (2.50)
11.46 (2.61)
18.15 (4.49)
27.40 (1.50)
9.04 (1.32)

14.56 (2.53)
17.03 (3.23)
13.98 (5.93)
26.45 (7.65)
23.85 (6.60)
13.69 (1.87)
14.02 (2.70)
13.80 (2.94)
11.25 (1.22)
14.07 (6.27)
12.31 (0.67)
13.49 (0.88)
12.98 (1.36)
10.72 (1.58)

Mean (SD)
Treatment

2014

53
18
18
17

458
25
65
65
26
4
5

22
30
24
31
26
26
20
13
10
15
30
10
11

1503
42

130
34

308
91
55
50
47
65
47
22
40
12
12
12
5

36
40
28
10
11
10
40
55
72
23
5

150
9

10
32

N

12.50 (2.00)
12.50 (2.00)
12.90 (1.65)

13.53 (1.48)
13.00 (1.70)
13.00 (1.70)
11.01 (1.56)
13.50 (1.05)
13.50 (1.05)
8.69 (2.20)

13.56 (2.21)
13.29 (0.87)
16.22 (1.91)
16.90 (2.10)
10.84 (1.09)
14.10 (1.60)
15.14 (0.83)
12.23 (4.59)
8.39 (1.17)
7.00 (2.60)

12.30 (2.43)
13.00 (0.30)

13.04 (1.56)
8.30 (1.68)

15.30 (0.75)
12.63 (2.72)
11.58 (2.16)
11.27 (0.34)
9.40 (0.60)
9.14 (1.25)
8.73 (0.16)

11.73 (2.27)
10.42 (1.53)
13.26 (1.30)
11.39 (1.97)
10.23 (1.45)
15.39 (2.12)
15.20 (1.00)
7.65 (1.32)

13.46 (2.31)
14.16 (3.33)
13.76 (1.96)
23.39 (5.20)
21.56 (5.20)
13.31 (1.87)
9.38 (0.43)

12.30 (3.09)
10.97 (1.53)
8.10 (2.75)
9.66 (0.67)

11.67 (1.94)
11.67 (1.94)
9.68 (1.64)

Mean (SD)
Control

2.03 (1.59, 2.47)

4.05 (3.20, 4.90)
4.30 (2.78, 5.82)
4.30 (2.83, 5.77)
3.60 (2.19, 5.01)

1.77 (1.28, 2.26)
2.37 (1.20, 3.54)
2.10 (1.36, 2.84)
1.00 (0.39, 1.61)
1.46 (0.12, 2.80)
4.60 (1.76, 7.44)
2.00 (0.73, 3.27)
3.09 (0.06, 6.13)
3.32 (2.06, 4.59)
2.16 (0.30, 4.02)
0.21 (-0.69, 1.12)
1.80 (0.10, 3.50)
1.38 (0.73, 2.03)
0.80 (-0.26, 1.86)
3.21 (0.19, 6.23)
1.53 (-2.49, 5.55)
-0.04 (-0.70, 0.62)
4.33 (2.76, 5.89)
2.70 (0.57, 4.83)
1.50 (1.10, 1.90)

1.91 (1.32, 2.50)
3.58 (2.22, 4.94)
1.75 (1.19, 2.31)
3.85 (3.19, 4.51)
-0.40 (-0.78, -0.01)
0.93 (0.25, 1.62)
2.87 (2.72, 3.02)
2.16 (1.96, 2.35)
0.54 (0.03, 1.05)
0.37 (0.31, 0.43)
0.13 (-0.82, 1.08)
1.11 (0.25, 1.97)
0.38 (-0.17, 0.94)
-0.07 (-1.87, 1.73)
1.23 (-0.46, 2.92)
2.76 (0.04, 5.48)
12.20 (10.78, 13.62)
1.39 (0.78, 2.00)
1.11 (0.04, 2.17)
2.87 (1.12, 4.62)
0.22 (-4.34, 4.78)
3.06 (-2.25, 8.37)
2.29 (-2.77, 7.35)
0.37 (-0.45, 1.19)
4.64 (3.93, 5.35)
1.50 (0.52, 2.48)
0.28 (-0.52, 1.07)
5.97 (-0.03, 11.97)
2.65 (2.49, 2.80)
1.82 (0.48, 3.16)
1.31 (-0.06, 2.68)
1.04 (0.26, 1.82)

(95% CI)
Effect

100.00
30.85
33.18
35.96

100.00
5.99
7.56
8.00
5.42
2.24
5.65
2.02
5.67
3.95
6.99
4.34
7.88
6.42
2.03
1.27
7.85
4.72
3.34
8.64

100.00
3.28
3.84
3.79
3.91
3.77
3.97
3.96
3.86
3.98
3.61
3.67
3.84
2.91
3.00
2.16
3.24
3.81
3.52
2.95
1.18
0.94
1.02
3.69
3.76
3.59
3.71
0.78
3.97
3.30
3.28
3.72

Weight
%

Intervention lower Intervention higher

-15 -10 -5 0 5 10 15

Plasma/serum zinc (μmol/L) by supplementation type
Controlled trials (without Yosaee 2019)
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(I2 = 84.8%, p = 0.000)
Overall, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Fernandes de Oliveira 2009

Author, year

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26
12
12
12

Weeks

300
131
126

9
13
21

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)
1.23 (0.44)

Mean (SD)
Treatment

165
65
65

4
5

26

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)
0.46 (0.23)

Mean (SD)
Control

0.42 (0.15, 0.69)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
25.17
25.39
11.02
14.85
23.57

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) without Donangelo 2022
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(I2 = 84.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.689

(I2 = 0.0%, p = .)
Subgroup, DL
Black  1988
Supplementation 51 to 100 mg Zn/d

(I2 = 0.0%, p = 0.584)
Subgroup, DL
Hininger-Favier 2007
Black  1988
Supplementation 26 to 50 mg Zn/d

(I2 = 96.1%, p = 0.000)
Subgroup, DL
Hininger-Favier 2007
Fernandes de Oliveira 2009
Supplementation 15 to 25 mg Zn/d

Dose and Author, year

RCT, 75 mg Zn/d VS Placebo

RCT, 30 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 15 mg Zn/d VS Placebo
RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

12

26
12

26
12

Weeks

300

9
9

144
131
13

147
126
21

N

1.13 (0.94)

1.13 (0.59)
0.99 (0.84)

0.94 (0.50)
1.23 (0.44)

Mean (SD)
Treatment

165

4
4

70
65
5

91
65
26

N

0.54 (0.16)

0.82 (0.47)
0.54 (0.16)

0.82 (0.47)
0.46 (0.23)

Mean (SD)
Control

0.42 (0.15, 0.69)

0.59 (-0.04, 1.22)
0.59 (-0.04, 1.22)

0.32 (0.18, 0.47)
0.31 (0.16, 0.46)
0.45 (-0.03, 0.93)

0.44 (-0.20, 1.08)
0.12 (-0.02, 0.26)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
100.00

100.00
90.75
9.25

100.00
50.69
49.31

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by dose
Without Donangelo 2022
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(I2 = 84.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 44.0%, p = 0.147)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Adults

(I2 = 100.0%, p = .)
Subgroup, DL
Fernandes de Oliveira 2009
Children and adolescents

Author, year
Population and

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26
12
12

12

Weeks

300

279
131
126

9
13

21
21

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)

1.23 (0.44)

Mean (SD)
Treatment

165

139
65
65

4
5

26
26

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)

0.46 (0.23)

Mean (SD)
Control

0.42 (0.15, 0.69)

0.26 (0.10, 0.42)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)

0.77 (0.56, 0.98)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
41.11
42.79

6.10
10.00

100.00
100.00

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by population
Without Donangelo 2022
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(I2 = 84.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.000

(I2 = 68.3%, p = 0.076)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Mixed

(I2 = 0.0%, p = 0.450)
Subgroup, DL
Black  1988
Black  1988
Fernandes de Oliveira 2009
Males

Sex and Author, year

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo

RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26

12
12
12

Weeks

300

257
131
126

43
9

13
21

N

1.13 (0.59)
0.94 (0.50)

1.13 (0.94)
0.99 (0.84)
1.23 (0.44)

Mean (SD)
Treatment

165

130
65
65

35
4
5

26

N

0.82 (0.47)
0.82 (0.47)

0.54 (0.16)
0.54 (0.16)
0.46 (0.23)

Mean (SD)
Control

0.42 (0.15, 0.69)

0.21 (0.03, 0.40)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)

0.71 (0.53, 0.89)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
49.07
50.93

100.00
8.30

14.61
77.10

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by sex
Without Donangelo 2022
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(I2 = 84.8%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = .

(I2 = 84.8%, p = 0.000)
Subgroup, DL
Hininger-Favier 2007
Hininger-Favier 2007
Black  1988
Black  1988
Fernandes de Oliveira 2009
Zn gluconate

and Author, year
Supplementation type

RCT, 30 mg Zn/d VS Placebo
RCT, 15 mg Zn/d VS Placebo
RCT, 75 mg Zn/d VS Placebo
RCT, 50 mg Zn/d VS Placebo

RCT, 22 mg Zn/d group VS Placebo

Study design and Intake

26
26
12
12
12

Weeks

300

300
131
126

9
13
21

N

1.13 (0.59)
0.94 (0.50)
1.13 (0.94)
0.99 (0.84)
1.23 (0.44)

Mean (SD)
Treatment

165

165
65
65

4
5

26

N

0.82 (0.47)
0.82 (0.47)
0.54 (0.16)
0.54 (0.16)
0.46 (0.23)

Mean (SD)
Control

0.42 (0.15, 0.69)

0.42 (0.15, 0.69)
0.31 (0.16, 0.46)
0.12 (-0.02, 0.26)
0.59 (-0.04, 1.22)
0.45 (-0.03, 0.93)
0.77 (0.56, 0.98)

(95% CI)
Effect

100.00
25.17
25.39
11.02
14.85
23.57

Weight
%

Intervention lower Intervention higher

-1 .50 .5 1

Urinary zinc (mmol/mol creatinine) by supplementation type
Without Donangelo 2022
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(I2 = 91.0%, p = 0.000)
Overall, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Kim 2014
Chung  2008
Swanson, CA 1988

Author, year

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
RCT, 30 mg Zn/d group

B/A, 4 mg Zn/d
RCT, 30 mg Zn/day

Study design and Intake

25
13
13
12

8
6
4

Weeks

66
5
5
5
5

20
9

17

N

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
8.27 (4.61)

-6.99 (3.88)
16.10 (5.27)

Mean (SD)
Treatment

59
5
5
5
5

20
9

10

N

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
6.85 (4.61)

-6.97 (4.40)
6.80 (3.51)

Mean (SD)
Control

3.63 (0.85, 6.40)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
1.42 (-1.44, 4.28)
-0.02 (-3.85, 3.81)
9.30 (5.98, 12.62)

(95% CI)
Effect

100.00
15.06
14.89
12.29
16.94
14.37
12.81
13.65

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d)
Without Thomas 1992 (15 mg zn/d)
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(I2 = 91.0%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.588

(I2 = 92.0%, p = 0.000)
Subgroup, DL
Kim 2014
Swanson, CA 1988
Supplementation 26 to 50 mg Zn/d

(I2 = 92.1%, p = 0.000)
Subgroup, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Depletion <5 mg Zn/d

Author, year
Dose and

RCT, 30 mg Zn/d group
RCT, 30 mg Zn/day

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
B/A, 4 mg Zn/d

Study design and Intake

8
4

25
13
13
12
6

Weeks

66

37
20
17

29
5
5
5
5
9

N

8.27 (4.61)
16.10 (5.27)

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
-6.99 (3.88)

Mean (SD)
Treatment

59

30
20
10

29
5
5
5
5
9

N

6.85 (4.61)
6.80 (3.51)

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
-6.97 (4.40)

Mean (SD)
Control

3.63 (0.85, 6.40)

5.31 (-2.41, 13.03)
1.42 (-1.44, 4.28)
9.30 (5.98, 12.62)

2.98 (-0.48, 6.43)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)

(95% CI)
Effect

100.00
50.59
49.41

100.00
20.85
20.63
17.35
23.14
18.02

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by dose
without Thomas 1992 (15 mg zn/d )
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(I2 = 88.2%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.010

(I2 = 0.0%, p = .)
Subgroup, DL
Swanson, CA 1988
Elderly

(I2 = 90.0%, p = 0.000)
Subgroup, DL
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Kim 2014
Chung  2008
Adults

Author, year
Population and

RCT, 30 mg Zn/day

B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
RCT, 30 mg Zn/d group

B/A, 4 mg Zn/d

Study design and Intake

4

13
13
12
8
6

Weeks

61

17
17

44
5
5
5

20
9

N

16.10 (5.27)

-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
8.27 (4.61)

-6.99 (3.88)

Mean (SD)
Treatment

54

10
10

44
5
5
5

20
9

N

6.80 (3.51)

-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
6.85 (4.61)

-6.97 (4.40)

Mean (SD)
Control

4.15 (1.35, 6.94)

9.30 (5.98, 12.62)
9.30 (5.98, 12.62)

3.15 (-0.12, 6.41)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
1.42 (-1.44, 4.28)
-0.02 (-3.85, 3.81)

(95% CI)
Effect

100.00
100.00

100.00
20.89
17.21
23.81
20.15
17.95

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by population
without Thomas 1992 (15 mg zn/d ) 
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(I2 = 89.6%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.484

(I2 = 78.1%, p = 0.010)
Subgroup, DL
Milne, DB 1987
Kim 2014
Swanson, CA 1988
Females

(I2 = 86.5%, p = 0.000)
Subgroup, DL
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Swanson, CA 1988
Males

Author, year
Sex and

B/A, low-zinc diet; 4mg Zn/day supplementation
RCT, 30 mg Zn/d group

RCT, 30 mg Zn/day

B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
B/A, 4 mg Zn/d

RCT, 30 mg Zn/day

Study design and Intake

25
8
4

13
13
12
6
4

Weeks

66

35
5

20
10

31
5
5
5
9
7

N

-4.13 (1.68)
8.27 (4.61)

14.30 (4.07)

-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
-6.99 (3.88)
18.70 (6.38)

Mean (SD)
Treatment

59

31
5

20
6

28
5
5
5
9
4

N

-4.89 (2.14)
6.85 (4.61)
6.70 (3.68)

-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
-6.97 (4.40)
7.00 (3.51)

Mean (SD)
Control

4.10 (1.45, 6.74)

2.99 (-0.70, 6.67)
0.76 (-1.62, 3.15)
1.42 (-1.44, 4.28)
7.60 (3.72, 11.48)

4.74 (1.48, 8.01)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)
11.70 (5.85, 17.55)

(95% CI)
Effect

100.00
36.54
34.25
29.20

100.00
22.50
18.28
25.93
19.12
14.17

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by sex
without Thomas 1992 (15 mg zn/d )
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(I2 = 91.0%, p = 0.000)
Overall, DL
Heterogeneity between groups: p = 0.001

(I2 = 92.1%, p = 0.000)
Subgroup, DL
Milne, DB 1987
Thomas, EA 1992
Thomas, EA 1992
Lowe, NM 2004
Chung  2008
Depletion

(I2 = 0.0%, p = .)
Subgroup, DL
Swanson, CA 1988
Zn acetate

(I2 = 0.0%, p = .)
Subgroup, DL
Kim 2014
Zn gluconate

year
type and Author,
Supplementation

B/A, low-zinc diet; 4mg Zn/day supplementation
B/A, 3.2 mg Zn/day
B/A, 7.2 mg Zn/day

B/A, depletion 0.23 mg Zn/day
B/A, 4 mg Zn/d

RCT, 30 mg Zn/day

RCT, 30 mg Zn/d group

Study design and Intake

25
13
13
12
6

4

8

Weeks

66

29
5
5
5
5
9

17
17

20
20

N

-4.13 (1.68)
-3.80 (1.79)
-4.20 (1.57)
-0.20 (0.06)
-6.99 (3.88)

16.10 (5.27)

8.27 (4.61)

Mean (SD)
Treatment

59

29
5
5
5
5
9

10
10

20
20

N

-4.89 (2.14)
-5.80 (2.24)
-9.00 (4.47)
-7.00 (0.20)
-6.97 (4.40)

6.80 (3.51)

6.85 (4.61)

Mean (SD)
Control

3.63 (0.85, 6.40)

2.98 (-0.48, 6.43)
0.76 (-1.62, 3.15)
2.00 (-0.51, 4.51)
4.80 (0.65, 8.95)
6.80 (6.62, 6.98)
-0.02 (-3.85, 3.81)

9.30 (5.98, 12.62)
9.30 (5.98, 12.62)

1.42 (-1.44, 4.28)
1.42 (-1.44, 4.28)

(95% CI)
Effect

100.00
20.85
20.63
17.35
23.14
18.02

100.00
100.00

100.00
100.00

Weight
%

Intervention lower Intervention higher

-10 -5 -2 0 2 5 10

Urinary zinc (µmol/d) by supplementation type
without Thomas 1992 (15 mg zn/d )
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(I2 = 70.5%, p = 0.017)
Overall, DL
Attia et al., 2022
Mesdaghinia et al., 2019
Kim et al., 2012
Payahoo et al., 2013

Author, year

RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo
RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

52
10

8
4

Weeks

106
30
26
20
30

N

100.60 (12.20)
88.60 (6.50)
89.80 (8.10)

94.90 (13.00)

Mean (SD)
Treatment

113
37
26
20
30

N

106.00 (11.90)
92.10 (8.10)
88.60 (6.30)
90.00 (4.00)

Mean (SD)
Control

-0.62 (-4.98, 3.74)
-5.40 (-11.21, 0.41)
-3.50 (-7.49, 0.49)
1.20 (-3.30, 5.70)
4.90 (0.03, 9.77)

(95% CI)
Effect

100.00
21.86
27.51
25.90
24.73

Weight
%

Intervention lower Intervention higher

-15 -7 0 7 15

Fasting glucose (mg/dL)
without Marques B/A
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(I2 = 35.6%, p = 0.213)

Overall, DL

Mesdaghinia et al., 2019

Kim et al., 2012

Author, year

RCT, 30 mg Zn/d group VS Placebo

RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

10

8

Weeks

46

26

20

N

9.60 (1.80)

11.31 (6.53)

Mean (SD)

Treatment

46

26

20

N

11.80 (2.10)

11.10 (5.13)

Mean (SD)

Control

-1.65 (-3.63, 0.33)

-2.20 (-3.26, -1.14)

0.21 (-3.43, 3.85)

(95% CI)

Effect

100.00

77.15

22.85

Weight

%

Intervention lower Intervention higher

-10 -5 0 5 10

 Fasting insulin (μIU/ml)
without Marques B/A
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(I2 = 38.5%, p = 0.202)

Overall, DL

Mesdaghinia et al., 2019

Kim et al., 2012

Author, year

RCT, 30 mg Zn/d group VS Placebo

RCT, 30 mg Zn/d group VS Placebo

Study Characteristics

10

8

Weeks

46

26

20

N

2.10 (0.40)

2.57 (1.62)

Mean (SD)

Treatment

46

26

20

N

2.60 (0.50)

2.46 (1.28)

Mean (SD)

Control

-0.36 (-0.86, 0.15)

-0.50 (-0.75, -0.25)

0.11 (-0.79, 1.01)

(95% CI)

Effect

100.00

76.52

23.48

Weight

%

Intervention lower Intervention higher

-4 -2 0 2 4

 Insulin resistance (HOMA-IR) 
without Marques B/A
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