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Table S1. Demographic data of the eligible studies for meta-analysis of copper markers in serum/plasma. 

            Alzheimer's dementia          Healthy controls   
References (Authors, year) N Sex (%F) Mean age (SD) MMSE Mean 

(SD)/ Median 

(25-75th 

percentile) 

N Sex (%F) Mean age (SD) MMSE Mean 

(SD)/ Median 

(25-75th 

percentile) 

Giacconi et al. 2019 [1] 95 67% 77.5 (0.06) 20.2 (0.04) 84 80% 72.9 (0.07) 28.1 (0.01) 

Ashraf et al. 2019 [2] 44 54% 77.5 (6.2) 20.8 (4.6) 44 54% 76 (5.3) 28.9 (1.3) 

Shere et al. 2018 [3] 44 54% 68.3 (9.7) 13.7 (6.6) 52 48% 65.7 (7.6) 29.5 (1.1) 

Rozzini et al. 2018 [4] 44 61% 77.1 (7.6) 18.1 (5.6) 28 43% 76.1 (8.4) 29.3 (1.0) 

Xu et al. 2018 [5] 42 47.6% 78.2 (1.2) 21 (11-25) 43 46.5% 78.1 (1.1) 29 (27-30) 

Squitti et al. 2018 [6]  385 73% 76 (2.5) ≤25 336 60% 65 (3.5)  
Squitti et al. 2017 [7] 89 67.5% 73 (8.5) 19 (4.7) 147 52% 49 (12.7) 29 (1) 

Talwar et al. 2017 [8] 108 39% 68.8 (9.2) 13.5 (5.7) 159 48% 63.2 (7.5) 28.2 (1.5) 

Pu et al. 2017 [9] 28 46% 73.4 (6.0) 19.8 (3.3) 40 47% 74.2 (6.5) 24.2 (3.3) 

Pu et al. 2017 [9] 42 45% 75.8 (6.7) 13.5 (3)     
Pu et al. 2017 [9] 55 45% 77.8 (6.5) 5.6 (1.1)     
Siotto et al. 2016 [10] 84 69% 77 (8.7) <25 58 47% 64.5 (18) <25 

Paglia et al. 2016 [11] 34 74% 72.4 (7.5) 12.3 (8.2) 40 63% 65.5 (6.4) 29.6 (0.7) 

Koc et al. 2015 [12] 45 49% 77.7 (9.3)  33 51% 73.2 (10.6)  
Wang et al. 2015 [13] 83 64% 74 (7.1)  83 63% 72.2 (7.5)  
Gonzalez-Dominguez et al. 2014 [14] 30 60% 80.9 (4.5)  30 57% 74 (5.7)  
Singh et al. 2014 [15] 100 39% 62.7 (7.2)  100 39% 59.7 (8.1)  
Park et al. 2014 [16] 89 54% 77.8 (6.6)  118 58% 69.9 (5.9)  
Azhdarzadeh et al. 2013 [17] 30    20    
Azhdarzadeh et al. 2013 [17] 50    50    
Lopez et al. 2013 [18] 36 55% 77.7 (5.3) 20.7 (4.4) 33 64% 74 (5.0) 28.9 (1.3) 

Rembach et al. 2013 [19] 152 59% 77 (7.9) 18.9 (5.3) 716 58% 69 (6.8) 28.9 (1.2) 

Alsadany et al. 2012 [20] 25 56% 72.2 (5.9) 12.6 (5.8) 25 52% 72.8 (4.1) 27.8 (4.4) 

Brewer et al. 2010 [21] 28 46% 76.2 24 (3.9) 29 69% 68.6 29.8 (0.7) 

Baum et al. 2010 [22] 44 66% 74.3 (8.7) <30 41 49% 79.1 (6.0) <30 



Arnal et al. 2010 [23] 110 56% 70 (5.6) 22.2 (3.1) 79 48% 77.8 (3.7) 27.8 (1.1) 

Vural et al. 2010 [24] 50 54% 72 (6.8)  50 52% 65.1 (7.1)  
Agarwal et al. 2008 [25] 50 38% 59.9 (11.6) 14.1 (7.6) 50 34% 55.3 (10.9)  
Zappasodi et al. 2008 [26] 54 81% 73.7 (8.7) 19.5 (3.8) 20 65% 71.5 (9.2) 28 (1.7) 

Gherardsson et al. 2008 [27] 173 70.5% 75 (52-86) 22 (2-30) 54 66.7% 73 (60-94) 30 (28-30) 

Sevym et al. 2007 [28] 98 66% 72.1 (6.7)  76 59% 70.3 (5.7)  
Sedighi et al. 2006 [29] 50 48% 76.4 14.3 (4.6) 50 50% 67.8 25.8 (1.5) 

Bocca et al. 2005 [30] 60 67% 74.6 (6.4) 2-28 44 75% >45  
Smorgon et al. 2004 [31] 8  79 (5)  11  78 (9.0)  
Ozcakaya and Delibas 2002 [32] 27 29% 72.3 (6.5) 16.8 (1.3) 25 36% 64.4 (7.2) 28.2 (2.4) 

Squitti et al. 2002 [33] 79 68% 74.5 (7.4) 17.3 (4.9) 76 57% 70.1 (10.8) 27.7 (2.2) 

Gonzalez et al. 1999 [34] 51 71% 74.5 (2.3)  40 45% 70.3 (4.0)  
Molina et al. 1998 [35] 26 46% 73.1 (8.2) 13.2 (5.7) 28 43% 70.8 (7.3)  
Snaedel et al. 1998 [36] 44 73% 74.3 (53-89) 15.9 (6-28) 44 matched matched  
Molaschi et al. 1996 [37] 31 100% 77.2 (2.4)  421 100% 77.6 (2.3)  
Mattiello et al. 1993 [38] 21 71% 81 (6)  10 50% 82 (2.0)  
Basun et al. 1991 [39] 24 71% 75 (8)  28 57% 78 (3.0)  
Jeandel et al. 1989 [40] 55 73% 81.7 (5.7) <25 24 40%   
Kapaki et al. 1989 [41] 5 20% 54  28 36% 46  
Shore et al. 1984 [42] 10 30% 63.7 (8.4)  10 70% 61.9 (8.0)  
Present study  97 64% 70.4 (7.0) 17.9 (5.8) 70 0.77 67.1 (9.2) 28.3 (1.9) 

 



Table S2. Serum or plasma Cu levels in Alzheimer’s dementia patients and in healthy controls. 

  Alzhimer's dementia Healthy controls 

Study Sample N Cu, μmol/L (SD) N Cu, μmol/L (SD) 

Giacconi et al. 2019 [1] plasma 95 17.2 (0.03) 84 17.1 (0.03) 

Ashraf et al. 2019 [2] plasma 44 16.1 (6.9) 44 17 (6.6) 

Rozzini et al. 2018 [4] serum 44 18.3 (3.5) 28 16.0 (3.3) 

Squitti et al. 2018 [6] serum 385 15.2 (1) 336 13.2 (0.9) 

Shere et al. 2018 [3] serum 44 16.1 (3.7) 52 18.2 (4.4) 

Xu et al. 2018 [5] plasma 42 14.4 (1.4) 43 13.5 (1.3) 

Squitti et al 2017 [7] serum 89 15.9 (3.6) 147 16.0 (6.4) 

Talwar et al. 2017 [8] serum 108 22.1 (9.6) 159 18.7 (7.0) 

Pu et al. 2017 [9] * serum 

28 16.3 (6.4) 

40 16.3 (6.5) 42 20.3 (6.7) 

55 21.3 (6.9) 

Siotto et al. 2016 [10] serum 84 15.5 (3.3) 58 14.0 (2.3) 

Paglia et al. 2016 [11] serum 34 12.8 (3.2) 40 11.1 (3.8) 

Koc et al. 2015 [12] serum 45 14.2 (10.5) 33 15.9 (11.7) 

Wang et al. 2015 [13] serum 83 19.0 (3.6) 83 16.1 (2.8) 

Gonzalez-Dominguez et al. 2014 [14] serum 30 17.5 (4.2) 30 16.5 (3.2) 

Singh et al. 2014 [15] serum 100 18.3 (0.5) 100 14.9 (0.3) 

Park et al. 2014 [16] serum 89 18.0 (3.0) 118 17.0 (3.2) 

Azhdarzadeh et al. 2013 [17] serum 30 17.0 (3.1) 20 15.6 (2.2) 

Azhdarzadeh et al. 2013 [17] serum 50 15.8 (1.5) 50 15.1 (1.9) 

Lopez et al. 2013 [18] serum 36 15.8 (2.9) 33 13.8 (3.7) 

Rembach et al. 2013 [19] serum 152 13.9 (2.7) 716 14.6 (2.9) 

Alsadany et al. 2012 [20] plasma 25 17.3 (1.9) 25 12.3 (2) 

Brewer et al. 2010 [21] serum 28 17.0 (2.4) 29 18.4 (3.1) 

Baum et al. 2010 [22] serum 44 16.2 (3.5) 41 15.3 (2.7) 

Arnal et al. 2010 [23] plasma 110 15.7 (0.6) 79 12.6 (0.8) 

Vural et al. 2010 [24] plasma 50 20.7 (2.9) 50 22.5 (2.8) 

Agarwal et al. 2008 [25] serum 50 24.6 (4.8) 50 21.2 (5.0) 

Zappasodi et al. 2008 [26] serum 54 15.1 (3.4) 20 12.9 (3.0) 

Gherardsson et al. 2008 [27] plasma 173 22 (16.4) 54 28.4 (30.2) 

Sevym et al. 2007 [28] serum 98 16.7 (2.9) 76 15.4 (2.1) 

Sedighi et al. 2006 [29] serum 50 21.7 (3.1) 50 20.9 (2.5) 

Bocca et al. 2005 [30] serum 60 15.2 (3.9) 44 14.3 (3.1) 

Smorgon et al. 2004 [31] serum 8 22.9 (3.9) 11 16.7 (1.3) 

Ozcakaya and Delibas 2002 [32] serum 27 12.0 (0.2) 25 12.1 (0.2) 

Squitti et al. 2002 [33] serum 79 18.3 (5.7) 76 13.7 (2.6) 

Gonzalez et al. 1999 [34] serum 51 16.6 (1.5) 40 15.4 (1.2) 

Molina et al. 1998 [35] serum 26 15.1 (3.5) 28 14.5 (4.1) 

Snaedel et al. 1998 [36] serum 44 19.1 (3.9) 44 19.4 (2.2) 

Molaschi et al. 1996 [37] serum 31 18.9 (3.4) 421 19.3 (3.8) 

Mattiello et al. 1993 [38] plasma 21 18.8 (0.2) 10 16.7 (0.3) 

Basun et al. 1991 [39] plasma 24 17.0 (3.9) 28 16.7 (3.0) 

Jeandel et al. 1989 [40] serum 55 22.0 (6.1) 24 21.2 (4.1) 

Kapaki et al. 1989 [41] #903} serum 5 14.2 (3.8) 28 16.2 (2.2) 



Shore et al. 1984 [42] serum 10 18.3 (4.2) 10 18.6 (1.6) 

Present study  serum 97 16.3 (4.6) 70 14.8 (3.2) 

*Data were pooled for the analyses. SD: standard deviation 

 



Table S3. Indices of serum Cu status in all the 18 studies employed for the meta-analysis of non-Ceruloplasmin Cu (Non-Cp Cu) and ceruloplasmin (Cp). 

 

  
Alzheimer's dementia Healthy controls 

Study (Authors, 

year) 
N 

Sex 

(F%) 

Mean 

age (SD) 

MMSE 

(SD) 

Cu 

μmol/L 

(SD) 

Cp  

mg/dl 

(SD) 

Non-Cp 

Cu 

μmol/L 

(SD) 

N 
Female 

(%) 

Mean 

age (SD) 

MMS

E 

(SD) 

Cu 

μmol/

L 

(SD) 

Cp  

mg/dl 

(SD) 

Non-Cp Cu 

μmol/L 

(SD) 

Cu:Cp 

ratio 

Rozzini et al, 2018 [4] 
44 61% 77.1 (7.6) 18.1 (5.6) 18.3 (3.5) - 

0.57 

(0.34) 
28 43% 76.1 (8.4) 

29.3 

(1.0) 
16 (3.3) - 0.3 (0.11) n.a. 

Squitti et al, 2018 [6]  
385 73% 76 (2.5) ≤25 

15.2 (13-

17)* 

27.4 

(5.2) 
2.2 (2.1) 336 60% 65 (3.5)  13.2 (11.3-

15)* 
27.1 (5.0) 0.4 (2.1) 6.5 

Shere et al, 2018 [3] 
44 54% 68.3 (9.7) 13.7 (6.6) 16.1 (3.7) 

22.6 

(4.9) 
5.4 (1.8) 52 48% 65.7 (7.6) 

29.5 

(1.1) 
18.2 (4.4) 23.3 (4.7) 7.2 (2.3) n.a. 

Squitti et al, 2017 [7] 
89 67.5% 73 (8.5) 16 (4.7) 

15.9 

(3.59) 

28.8 

(5.59) 

2.31 

(1.64) 
147 52.7% 49 (12.7) 29 (1) 16.04 (6.39) 

30.48 

(10.38) 
1.68 (2.46) 6.8 

Talwar et al, 2017 [8] 
108 39% 68.8 (9.2) 13.5 (5.7) 22.1 (9.6) 

36.1 

(9.3) 
5.0 (5.2) 159 48% 63.2 (7.5) 

28.2 

(1.5) 
18.7 (7.0) 

36.6 

(10.8) 
1.4 (1.9) 6.7 

Pu et al, 2017 [9] ** 

284 46% 73.4 (6.0) 19.8 (3.3) 16.9 (6.4) 22 (52) 6.5 (22.1) 

40 47% 74.2 (6.5) 
24.2 

(3.3) 
16.3 (6.5) 24 (54) 27.6 8.96 

42 45% 75.8 (6.7) 13.5 (3.0) 20.3 (6.7) 17 (48) 
12.1 

(20.1) 

55 45% 77.8 (6.5) 5.62 (1.1) 21.3 (6.9) 15 (41) 
13.5 

(17.0) 

Siotto et al, 2016 [10] 
84 69% 77 (8.7) ≤25 15.5 (3.3) 

28.2 

(4.3) 
2.1 (1.8) 58 47% 64.5 (18)  14 (2.3) 26.3 (3.7) 1.5 (1.5) 7 

Park et al, 2014 [16] 
64 50% 75.0 (5.4) 17.9 (5.1) 28.4 (4.7) 

23.3 

(4.1) 
7.0 (1.9) 67 55% 73.4 (5.3) 

24.2 

(3.8) 
26.7 (5.0) 21.7 (4.9) 6.7 (2.2) 10.3 

Lopez et al, 2013 [18] 
36 55% 77.7 (5.3) 20.7 (4.4) 15.8 (2.9) 

25.9 

(4.1) 
3.6 (2.1) 33 64% 74.0 (5.0) 

28.9 

(1.3) 
13.8 (3.7) 25.8 (4.3) 1.6 (3.0) 7.06 

Rembach et al, 2013 [19] 
152 59% 77 (7.9) 18.9 (5.3) 13.9 (2.7) 

31.6 

(7.9) 
-0.6 (2.7) 716 58% 69.0 (6.8) 

28.9 

(1.2) 
14.6 (2.9) 31.7 (7.9) -0.6 (3.1) 5.97 

Brewer et al, 2010 [21] 
28 46% 76.2 24 (3.9) 17 (2.4) 

24.4 

(3.0) 
5.5 (1.8) 29 69% 68.6 

29.8 

(0.7) 
18.4 (3.1) 25.7 (3.7) 6.3 (2.5) 9.45 



Arnal et al, 2010 [23] 
110 56% 70 (5.6) 22.2 (3.1) 15.6 (3.1) 

25.2 

(10.7) 
3.8 (4.5) 79 48% 77.8 (3.7) 

27.8 

(1.1) 
12.7 (0.2) 26.5 (7.0) 0.2 (2.8) 6.34 

Agarwal et al, 2008 [25] 
50 38% 

60.0 

(11.6) 
14.1 (7.6) 24.6 (4.8) 

41.6 

(9.6) 
4.9 (3.7) 50 34% 

55.3 

(10.9) 
 21.2 (5.0) 28.8 (8.0) 7.5 (4.1) 9.68 

Zappasodi et al, 2008 [26] 
54 81% 73.7 (8.7) 19.5 (3.8) 15.1 (3.4) 

27.6 

(5.9) 
2.1 (2.5) 20 65% 71.5 (9.2) 28 12.9 (3.0) 27 (5.3) 0.2 (2.5) 6.31 

Sedighi et al, 2006 [29] 
50 48% 76.4 14.3 (4.6) 21.7 (3.1) 

27.7 

(9.6) 
8.6 (3.3) 50 50% 67.8 25.8 20.8 (2.5) 31.1 (5.4) 6.2 (2.2) 8.85 

Snaedal et al, 1998 [36] 
44 73% 

74.3 (53-

89) 

15.9 (6-

28) 
19.1 (3.9) 

38.2 

(6.8) 
1.1 (2.9) 44 matched matched  19.4 (2.2) 38.3 (8.1) 1.3 (3.0) 6.69 

Molaschi et al, 1996 [37] 
31 100% 77.2 (2.4)  18.9 (3.4) 

38.8 

(7.1) 
0.5 (2.7) 421 100% 77.6 (2.3)  19.3 (3.8) 40.6 (9.1) 0.1 (3.6) 6.27 

Present study  
97 64% 70.4 (7.0) 17.9 (5.8) 16.3 (4.6) 

29.4 

(4.7) 
2.39 (3.4) 73 77% 67.1 (9.2) 28.3 14.8 (3.2) 29.5 (4.3) 0.86 (1.8) 6.6 

*25-75th percentiles. **Data were pooled for the analyses. Abbreviations: F, female; SD, standard deviation; MMSE, minimental examination test. 



 

Figure S1. Standardized mean difference (SMD) computed from the studies on Cu serum/plasma levels 

(μmol/L) in AD patients and HC subjects. SMDs between patients and controls are represented by squares, 

whose sizes are proportional to the sample size of the relative study. The whiskers represent the 95% 

confidence interval (CI). The diamond represents the pooled estimate based on the random-effects model, 

with the centre representing the point estimate and the width indicating the associated 95% CI. All the studies 

produced by the Fatebenefratelli research group were pooled together and considered as a single study. 

Abbreviations: PY, publication year; N, number; SD, standard deviation; HC, healthy controls. 

  



 

Figure S2. Funnel plot suggested no presence of publication bias in the studies of Cu in serum/plasma 

evaluated in Alzheimer’s dementia and Healthy Controls. 

 

 

 

Figure S3. Funnel plot suggested no presence of publication bias in the studies of non-ceruloplasmin Cu in 

serum/plasma evaluated in Alzheimer’s dementia and Healthy Controls.  



Figure S4. Standardized mean difference (SMD) computed from the studies on ceruloplasmin (mg/dL) in 

Alzheimer’s dementia patients and Healthy Controls.  

SMDs between AD subjects and controls are represented by squares, whose sizes are proportional to the 

sample size of the relative study. The whiskers represent the 95% confidence interval (CI). The diamond 

represents the pooled estimate based on the random effects model, with the centre representing the point 

estimate and the width the associated 95% CI.  

Most of the ceruloplasmin studies carried out in serum/plasma demonstrated no variation (15 studies), while 

2 studies reported increases and a study decreased values of ceruloplasmin in AD patients in comparison 

with healthy controls. As a whole, the forest plot of the meta-analysis reveals no variation of ceruloplasmin 

in serum/plasma of AD patients in comparison with healthy controls as indicated by the diamond that touch 

the zero line. This result further confirm that the increase in serum/plasma Cu can be explained by the 

increased levels of non-ceruloplasmin Cu fraction, as depicted in previous studies and in the current 

dedicated meta-analyses. 

  



 

Figure S5. Funnel plot suggested no presence of publication bias in the studies of ceruloplasmin in 

serum/plasma evaluated in Alzheimer’s disease and healthy controls.  
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