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Copper in Alzheimer’s Disease:
A Meta-Analysis of Serum, Plasma,
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Abstract. This contribution reviews and corrects data from our previous meta-analysis, which appeared in the Journal of
Alzheimer’s Disease in 2011 concerning the role of copper in Alzheimer’s disease. We repeated the meta-analysis after excluding
four of the five studies from our laboratory to avoid possible bias in the result. In addition, we included two studies on serum
copper levels in Alzheimer’s disease not previously considered. The results indicate higher levels of copper in Alzheimer’s
disease patients than in controls, confirming our previous conclusion.
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We read with great interest the study appeared in
the Journal of Alzheimer’s Disease by Mueller and
colleagues [1] on abnormalities of copper and iron
homeostasis predicting cognitive decline in mild cog-
nitive impairment. When discussing their results, the
authors commented on the meta-analysis by Bucossi
and co-workers [2]. The authors raised two concerns
about the results of the meta-analysis that deserve
attention and could certainly improve the quality of
the meta-analysis already published. Specifically, they
questioned the outcome of the meta-analysis, ascribing
the result on serum studies to a bias originating from
the fact that a bulk of the studies were carried out in
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the same (i.e., our) laboratory. However, in the pub-
lished meta-analysis, in order to check for a possible
bias that could have affected the results, we repeated
the meta-analysis after excluding four of the five stud-
ies from our laboratory [3-6]. After this exclusion,
the meta-analysis confirmed a higher copper level in
AD patients compared to healthy controls (reported in
Results, studies on copper and plasma, last paragraph)
[2].

As to their second concern, Mueller and colleagues
correctly note that two studies [7, 8] were not included
in the meta-analysis. We thank the authors for bring-
ing these two studies to our attention, even though the
study of Molaschi and co-workers [7] actually does
not support our inclusion on the basis of the inclusion-
exclusion criteria used in the published meta-analysis.

We performed the current meta-analyses follow-
ing the inclusion-exclusion criteria precisely and
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Authors Year AD Cu(mean) CU(sd) Controls Cu(mean) Cu(sd) SMD (95% Cl) Weight (%)
|I

Shore et al 1984 10 18.25 4.25 10 18.57 1.6 —0:— -0.10 (-0.97,0.78)  4.29
|

Kapaki et al 1989 5 14.15 3.77 28 16.2 2.2 —0—’-: -0.81(-1.79,0.16)  3.80
1

Jeandel et al 1989 55 22.03 6.134 24 21.24 4.1 —|0— 0.14 (-0.34, 0.62) 7.01
1

Molaschi et al 1996 31 18.87 3.41 421 19.3 3.8 —Ol—; -0.11 (-0.48,0.25) 7.91
|

Molina et al 1998 26 151 3.46 28 14.47 4.1 b 0.16 (-0.37, 0.70) 6.58
|

Gonzalez et al 1999 51  16.625 3.55 40 15.37 2.58 —IO— 0.39 (-0.02, 0.81) 7.50

Ozcankayaetal 2002 27 11.97 1.3 25 12.11 1.5 —0-;- -0.10 (-0.64,0.45) 6.51
|

Squitti et al 2002 79 18.35 5.7 76 13.7 2.6 :—0— 1.04 (0.70, 1.37) 8.13
|

Smorgon et al 2004 8 22.92 3.9 11 16.66 1.27 : —— 2.23(1.02,3.44) 2.87
|

Bocca et al 2005 60 15.21 3.8 44 14.31 3.1 T 0.25 (-0.14, 0.64) 7.71
|

Sedighi et al 2006 50 21.7 3.1 50 20.8 2.5 -0— 0.32(-0.08, 0.71) 7.68
|

Sevym et al 2007 98 16.7 29 76 15.4 2.1 JI-O- 0.50 (0.20, 0.81) 8.36
|

Agarwal et al 2008 50 24.57 4.76 50 21.15 4.9 e 0.70 (0.30, 1.11) 7.61
1

Baum et al 2010 44 16.2 35 41 15.3 2.7 --:0— 0.28 (-0.14, 0.71) 7.42
1

Brewer et al 2010 28 16.9 24 29 18.4 3.1 —0—: -0.53 (-1.06, -0.00) 6.62

Overall (l-squared = 75.3%, p = 0.000) @ 0.27 (0.03, 0.52) 100.00
|
|

NOTE: Weights are from random effects analysis :

I I
-3.44 0 3.44
AD control

Fig. 1. Standardized mean difference (SMD) computed from the studies on Cu serum levels (wmol/L) [7-9, 11-22]. 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 the associated 95% CI. Heterogeneity Chi-squared =56.71 (d.f. = 14), p <0.000. I-squared (variation in SMD attributable
to heterogeneity) =75.3%. Estimate of between-study variance Tau-squared =0. 1618; Test of SMD =0: z=2.19, p=0.029.

following procedures detailed in our previous meta-
analysis [2].

To reply to both concerns, we have run two addi-
tional meta-analyses, both including the studies by
Molaschi and co-coworkers [7] and by Shore and col-
leagues [8]. Figure 1 shows the results when just one
study from our laboratory [9] is included in the meta-
analysis. The results indicate that serum copper levels
were significantly higher in AD patients than in healthy
controls. Figure 2 shows the results when the two stud-
ies mentioned above are included in the meta-analysis
together with the same studies taken into account in the
already published meta-analysis [2]. Again, the results
indicate higher levels of copper in AD patients than in
controls.

It is imperative to carefully consider meta-analyses
or reviews that claim to objectively evaluate data col-
lected over a long period of time as Mueller and
co-workers [1] suggested in this discussed case and

Schrag and colleagues [10] have previously pointed
out. We have taken this opportunity to revise and cor-
rect our previous incomplete data but also to strengthen
our conclusion.
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Authors Year AD Cu(mean) CU(sd) Controls Cu(mean) Cu(sd) SMD (95% Cl) ~ Weight (%)
Shore et al 1984 10 18.25 4.25 10 18.57 1.6 —Ol—i— -0.10 (-0.97, 0.78) 3.41
Kapaki et al 1989 5 14.15 3.77 28 16.2 2.2 —_— : -0.81 (-1.79, 0.16) 3.03
Jeandel et al 1989 55 22.03 6.134 24 21.24 4.1 _|.-E- 0.14 (-0.34, 0.62) 5.48
Molaschietal 1996 31 18.87 341 421 19.3 3.8 —ol-: -0.11 (-0.48, 0.25) 6.16
Molina et al 1998 26 151 3.46 28 14.47 4.1 —0-:— 0.16 (-0.37, 0.70) 5.16
Gonzalezetal 1999 51 16.625 3.55 40 15.37 2.58 —+— 0.39 (-0.02, 0.81) 5.85
Ozcankaya et al 2002 27 11.97 1.3 25 12.11 1.5 —0—:' -0.10 (-0.64, 0.45) 5.10
Squitti et al 2002 79 18.35 5.7 76 13.7 2.6 : - 1.04 (0.70, 1.37) 6.32
Smorgon etal 2004 8 22.92 3.9 11 16.66 1.27 : —— 2.23(1.02, 3.44) 2.30
Bocca et al 2005 60 15.21 3.8 44 14.31 3.1 “0:— 0.25 (-0.14, 0.64) 6.01
Squitti et al 2005 47 17.2 5.9 44 12.6 25 :—0— 1.00 (0.56, 1.43) 5.74
Sedighi et al 2006 50 21.7 3.1 50 20.8 25 -OI— 0.32 (-0.08, 0.71) 5.99
Squitti et al 2006 28 16.2 3.2 25 12.8 2.3 :—0— 1.19 (0.60, 1.78) 4.85
Sevymetal 2007 98 16.7 2.9 76 154 2.1 -:o- 0.50 (0.20, 0.81) 6.49
Squitti et al 2007 51 1641 5.3 53 13 2.8 Jl-O— 0.73(0.33, 1.13) 5.97
Zappasodi et al 2008 54 15.1 3.4 20 12.9 3 —;-0— 0.66 (0.14, 1.18) 5.22
Agarwaletal 2008 50 24.57 4.76 50 21.15 4.9 'E-O— 0.70 (0.30, 1.11) 5.93
Baum et al 2010 44 16.2 3.5 41 15.3 2.7 --OI— 0.28 (-0.14,0.71) 5.79
Brewer et al 2010 28 16.9 2.4 29 18.4 3.1 —— : -0.53 (-1.06, -0.00) 5.19
Overall (I-squared = 76.1%, p = 0.000) Q 0.41(0.19, 0.63) 100.00
NOTE: Weights are from random effects analysis i

—3.|44 0 3.|44

AD control

Fig. 2. Standardized mean difference (SMD) computed from the studies on Cu serum levels (wmol/L) [3-9, 11-22]. 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 the associated 95% CI. Heterogeneity Chi-squared =75.22 (d.f. = 18), p <0.000. I-squared (variation in SMD attributable
to heterogeneity) =76.1%. Estimate of between-study variance Tau-squared =0. 1710; Test of SMD =0: z=3.61, p=0.000.

Biologico e Genetico della Disfunzione dei Metalli
nella Malattia di Alzheimer e nel ‘Mild Cognitive
Impairment’ ” [RF 2006 conv. 58].
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