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Abstract: Despite extensive research on the role of ACE in the development of sporadic Alzheimer’s disease (SAD)
in Caucasian individuals, studies about the influence of ACE Insertion/Deletion (/D) polymorphism on the risk of
SAD were inconsistent. To explore whether the ACE |/D polymorphism confers susceptibility to SAD in Caucasian in-
dividuals, a meta-analysis comprising 12,108 SAD cases and 6180 controls from 34 case-control comparisons was
performed by searching electronic databases. The results showed no significant differences in five models involving
genotypes I, ID, and DD: Il versus (ID + DD) (odds ratio (OR) = 1.02, 95% confidence interval (Cl) = 0.94-1.12, P
= 0.59), Il versus DD (OR = 1.07, 95% Cl = 0.97-1.19, P = 0.16), Il versus ID (OR = 1.00, 95% Cl = 0.91-1.09, P =
0.93), ID versus DD (OR = 1.10, 95% Cl = 0.98-1.23, P = 0.11), and (Il + ID) versus DD (OR = 1.09, 95% Cl = 0.98-
1.22, P =0.12) on the basis of all studies. When a subgroup analysis was performed based on the age at onset or
the epsilon 4 allele of apolipoprotein E (APOEe4) carrier status, significant correlations were demonstrated, but they
were not consistent with the overall results. The pooled results suggested that ACE I/D polymorphism might not be
a risk factor for SAD in Caucasians, and genetic interactions with the age at onset or APOEe4 carrier status might
affect these correlations. Large-sample studies are needed to confirm these findings in Caucasians.
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Introduction

Alzheimer’s disease (AD), a progressive neuro-
degenerative disorder, accounts for impairment
in cognitive function. The essential pathologi-
cal features of AD are characterized by a selec-
tive neuronal loss associated with neurofibril-
lary tangles and deposition of amyloid in the
medial temporal lobe structures and cortical
areas of the brain [1, 2]. Although the contribu-
tion of major factors to the pathogenesis of the
sporadic AD (SAD) is incompletely understood,
increasing attention has been focused on the
association between angiotensin-converting
enzyme (ACE) and SAD.

ACE prompts the formation of angiotensin Il in
the renin-angiotensin system and plays an

important role in blood pressure and sodium
homeostasis [3]. Neurons, which are important
elements for memory and cognition in the hip-
pocampus and amygdala, are excited by angio-
tensin Il [4, B]. The levels of amyloid b-protein
(Ab) have been found to be lowered by ACE via
promoting its degradation [6, 7], and the activi-
ty or serum levels of ACE increased in the brain
of patients with SAD [8, 9]. These studies sug-
gested the contribution of ACE to the pathogen-
esis of AD.

An insertion/deletion (I/D) polymorphism in
intron 16 of the ACE gene on chromosome
17923 has been identified and constitutes the
genotypes Il, ID, and DD [10]. ACE I/D polymor-
phism was found to be associated with the lev-
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183 potentially relevant studies identified and screened ‘

cally; (2) it was a case-control
study; (3) the frequency of
people and individual ACE |I/D

126 studies excluded for not relevant
> 10AD or ACEID polymorphism

genotype (Il, ID, DD) in cases
and controls was reported;

56 studies retrieved for further analysis

and (4) both cases and con-
trols were Caucasian indivi-
duals. The exclusion criteria

3 reviews

2 meta analyses
» 2 studies without identified allele frequency
6 studies without control

13 articles about Asian individuals

were as follows: (1) a family
history of dementia in cases
and (2) case reports, editori-
als, and review articles.

31 studies (34 Comparisons) finally included

Figure 1. Flow chart of literature search and study selection.

els and activity of ACE [11]. A potential correla-
tion between ACE I/D polymorphism and SAD
risk was reported [12] in Caucasians. However,
this association is still controversial.

Previously published meta-analyses reported a
significant correlation between ACE I/D poly-
morphism and risk of SAD [13, 14]. However, it
remains unclear whether ethnicity could affect
this correlation. Since then, several studies on
this correlation using a large sample size have
been reported. The present study investigated
the possible association of ACE I/D polymor-
phism with the risk of SAD through a meta-anal-
ysis in Caucasian individuals. Subgroup analy-
ses were performed on the basis of the age at
onset and the epsilon 4 allele of apolipoprotein
E (APOEeg4) carrier status.

Materials and methods
Search strategy

Studies were identified by searching the stan-
dard databases: MEDLINE, EMBASE, and
HuGEnet, without language restriction, and the
search focused on studies conducted on
human subjects only. The following Medical
Subject Headings and text words were used:
Alzheimer’s disease, Alzheimer disease, AD in
combination with ACE, angiotensin-converting
enzyme, polymorphism, genotype, gene, or
mutation. Two investigators (Juanjuan Cao and
Liping Ding) independently reviewed abstracts
or full text of all citations to identify eligible
studies. The identified articles had to meet the
following criteria: (1) SAD was diagnosed clini-
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Data extraction

All studies were checked by

two investigators (Juanjuan

Cao and Liping Ding) indepen-

dently according to the pre-
specified selection criteria. The relevant data
of eligible studies were extracted and entered
separate databases. The discrepancy was re-
solved by discussion. The following informa-
tion was extracted from eligible studies: first
author, year of publication, ethnicity, clinical
characteristics, number of genotype (ll, ID, DD)
of cases and controls, and genotyping me-
thods.

Statistical analysis

For dichotomous outcomes, the odds ratios
(ORs) and their 95% confidence intervals (Cls)
were calculated using the Review Manager
software, version 5.2. Five different ORs were
calculated in the present study: dominant
model (Il + ID vs DD), recessive model [l vs (ID
+ DD)], homozygote comparison (Il vs DD), and
heterozygote comparison (ID vs DD; Il vs ID).
The statistical significance was determined by
the Z test. A P value < 0.05 was considered sta-
tistically significant. Subgroup analyses were
conducted on the basis of patients with the
APOEe4 carrier status and age at onset (the cri-
terion for the age at onset > 65 years was
defined as late-onset AD).

The genotype distribution of the control popula-
tion in eligible studies was tested for deviation
from the Hardy-Weinberg equilibrium (HWE)
using the chi-square test (with P < 0.1 consid-
ered as significant). If the genotype distribution
was not in accordance with HWE, the study was
excluded. The test for heterogeneity between
studies was performed with Cochran’s Q statis-
tic (P > 0.10 was considered the representative
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Table 1. Characteristics of inclusive studies evaluating ACE I/D polymorphism and SAD risk

Author Year Country (Ethnicity) Genotyping Method Diagnosis Criteria Matchirlgl Specimen HWE
Characteristics X2 P

Alvarez et al. [51] 1999 Spain (European) PCR-RFLP NINCDS-ADRDA - - 1.2633 0.26102
Bowirrat et al. [48] 2005 Israel (European) PCR-RFLP NINCDS-ADRDA - - 2.3939 0.12181
Buss et al. [56] 2002 Germany et al. (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.2491 0.61773
Camelo et al. [25] 2004 Colombia (European) PCR-RFLP NINCDS/ADRDA Age and Gender Blood 0.0393 0.84285
Carbonell et al. [35] 2003 UK (European) NINCDS-ADRDA - Blood 0.0149 0.90278
Chapman et al. [49] 1998 Israel (European) PCR-RFLP NINCDS-ADRDA DSM-III-R Age Blood 0.0985 0.75368
Crawford et al. [28] 2000 USA (American) PCR-RFLP CERAD Blood 5.5274 0.01872
Farrer et al. [54] a 2000 Russia (European) PCR-RFLP NINCDS-ADRDA Age Blood 1.4962 0.22126
Farrer et al. [54] b 2000 Canada (American) PCR-RFLP NINCDS-ADRDA Age - 6.1123 0.01342
Helbecque et al. [32] 2009 France et al. (European) DSM-III-R NINCDS-ADRDA Age and Gender Blood 0.0013 0.9707
Isbir et al. [41] 2001 Turkey (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.8522 0.35592
Kehoe et al. [11] a 1999 UK (European) - - - - 0.0518 0.81989
Kehoe et al. [11] b 1999 UK (European) - - - - 1.3195 0.25068
Kehoe et al. [11] ¢ 1999 UK (European) - - - - 0.4877 0.48493
Kehoe et al. [60] 2003 Sweden (European) - NINCDS-ADRDA CERAD - - 0.3027 0.58222
Keikhaee et al. [42] 2006 Iran (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.06 0.80649
Kolsch et al. [31] 2005 Germany (European) PCR-RFLP DSM IV Age and Gender Blood 1.8477 0.17405
Lendon et al. [46] 2002 UK (European) PCR-RFLP NINCDS-ADRDA DSM-III-R - Blood, Brain 0.8202 0.36513
Mattila et al. [55] 2000 Finland (European) PCR-RFLP NINCDS-ADRDA CERAD Age and Gender Blood, Brain 0.0233 0.87859
Miners et al. [7] 2009 Sweden (European) Fluorescent peptide assay CERAD - - 0.4828 0.48715
Monastero et al. [30] 2002 Italy (European) NINCDS-ADRDA Age and Gender 0.5853 0.44426
Myllykangas et al. [47] 2000 Finland (European) PCR-RFLP NINCDS-ADRDA DSM-III-R Age and Gender 2.1167 0.1457
Nacmias et al. [27] 2007 Italy (European) PCR-RFLP DSM-IV Age and Gender Blood 0.3657 0.54535
Narain et al. [44] 2000 UK (European) PCR-RFLP CERAD Age and Gender Blood 12.452 0.00042
Nirmal et al. [36] 2011 India (Asian) - DSM-IV - Blood 0.0062 0.93709
Palumbo et al. [33] 1999 Italy (European) - NINCDS-ADRDA Age and Gender Blood 2.5671 0.10911
Panza et al. [53] 2002 Italy (European) - - - - 2.4875 0.11475
Perry et al. [62] 2001 USA (American) - - - - 10.855 0.00099
Prince et al. [63] 2001 Sweden (European) - - - - 1.7971 0.18006
Richard et al. [64] 2001 French (European) PCR-RFLP NINCDS-ADRDA DSM-III-R Age and Gender - 2.2219 0.13606
Scacchi et al. [52] 1998 Italy (European) - NINCDS-ADRDA DSM-III-R Gender Blood 0.09 0.76415
Seripa et al. [26] a 2003 USA (European) PCR-RFLP NINCDS-ADRDA Age and Gender Brain 2.7409 0.09781
Seripa et al. [26] b 2003 Italy (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.1402 0.70812
Shcherbatykhet al. [34] 2001 USA (American) - NINCDS-ADRDA Age and Gender Blood 1.9297 0.16479
Sleegers et al. [19] 2005 Netherlands (European) PCR-RFLP DSM-IIIR - - 0.0086 0.92606
Trebunova et al. [50] 2008 Slovakia (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.7991 0.37136
Vardy et al. [61] 2009 UK (European) Fluorescent peptide assay NINCDS-ADRDA Age and Gender Blood 0.0006 0.98016
Schachter 1994 France (European) PCR-RFLP - - Blood 2.1603 0.14162
Zuliani et al. [45] 2001 Italy (European) PCR-RFLP NINCDS-ADRDA Age and Gender Blood 0.9994 0.31745

Neurological and Communicative Disorders and Stroke (NINCDS) and the Diagnostic and Statistical Manual of Mental Disorders, third edition, revised (DSM-III-R) and the Alzheimer’s Disease and Related Disorders Association (ADRDA).
CERAD: The Consortium to Establish a Registry for Alzheimer’s disease. Part I. Clinical and neuropsychological assessment of Alzheimer’s disease. PCR-RFLP: polymerase chain reaction (PCR)-restriction fragment length polymorphism.
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Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
Alvarez 161 280 176 340  48% 1.26(0.92,1.73) .
Bowirrat 35 80 56 104  26% 0.67 [0.37,1.20) -
Buss 134 215 148 237 42% 0.99 [0.68, 1.46) T
Camelo 26 38 20 31 1.1% 1.19([0.44, 3.25) -1
Carbonell 47 65 32 49  1.6% 1.38([0.62, 3.09) T
Chapman 25 45 17 3B 1.4% 1.32[0.55, 3.21) T
Farrera 82 124 94 155 32% 1.27[0.77,2.07) T
Helhecque 208 308 220 355 48% 1.26[0.92,1.74) =
Ishir 23 N 12 21 0.9% 216 [0.66, 7.02) T
Kehoe 189 338 233 372 50% 0.85([0.63,1.15) -T
Kehoe a 121 157 38 65  2.4% 2.39(1.29, 4.43) -
Kehoe b 88 112 48 89  24% 3.13[1.69,5.79) I
Kehoe ¢ 114 146 94 143 3.0% 1.86([1.10,3.13) —
Keikhaee 60 96 60 101 2.7% 1.14 [0.64, 2.02) T
Kdlsch 165 251 185 283 44% 1.02[0.71,1.45) T
Lendan 110 166 54 77 26% 0.84 [0.47,1.50) -
Mattila 49 64 31 57 1.7% 2.74[1.26,5.97) -
Miners 39 63 20 42 1.7% 1.79(0.81, 3.949)
Monastero 68 122 67 123 31% 1.05[0.64,1.74] T
Myllykangas 116 189 148 233 4.0% 0.91 [0.61, 1.36] -T
Nacmias 108 210 84 166  3.9% 1.03 [0.69, 1.55) T
Nirmal 40 65 64 91 21% 0.68 [0.34,1.32) T
Palumbo 43 112 14 32 1.7% 0.96[0.44,213) -1
Panza 75 124 138 236 36% 1.09[0.70,1.69) T
Prince 99 144 92 133 31% 0.98 [0.59, 1.63) I
Richard 122 205 133 219 41% 0.95 [0.64, 1.40) -
Scacchi 43 7 73 133 286% 1.26 [0.70, 2.27) T
Schachter 148 282 91 133  37% 0.51[0.33,0.79) -
Seripa a 61 108 48 90  2.7% 1.14 [0.65, 1.99) T
Shcherbatykh 82 124 92 151 3.2% 1.25(0.78, 2.05) T
Sleegers 3264 5070 245 385  6.0% 1.03[0.83,1.29) T
Trebunova 33 54 68 98  2.0% 0.69[0.35,1.39) e
Vardy 49 73 94 145 25% 1.11 [0.61, 2.01) T
Zuliani 18 36 30 46  1.4% 0.53(0.22,1.30) /T
Total (95% CI) 9569 4970 100.0% 1.10 [0.98, 1.23] ]
Total events 6060 3019
Heterogeneity: Tau?= 0.05; Chi*= 58.74, df = 33 (P = 0.004); F= 44% 50 o1 051 1 150 1nn:

Test for overall effect Z=1.58 (P=0.11)

Case Control

Figure 2. Forest plot for ACE I/D polymorphism (ID versus DD) and SAD risk.

of homogeneity). A pooled OR was calculated
using the fixed-effects model (Mantel-Haenszel
method) in the case of homogeneity; otherwise,
the random-effects model (Der Simonian-Laird)
was adopted.

The stability of the results was detected by per-
forming a sensitivity analysis. The higher het-
erogeneity studies involved in the meta-analy-
sis were deleted to reflect the influence of the
related data on the pooled ORs. The Begg's
funnel plot was used to explore publication
bias, and the Egger’s linear regression test was
used to quantitatively assess the publication
bias (P < 0.10 was considered statistically
significant) (version 12.0, Stata Corp).
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Results
Identification of eligible studies

The 183 potentially relevant studies were
retrieved using the search criteria, and 126 of
these articles were excluded as irrelevant to
SAD risk and ACE I/D polymorphism. Abstracts
from 57 articles were reviewed, and 5 studies
were excluded (3 reviews [15-17] and 2 meta-
analyses [13, 14]); 2 studies with unidentified
allele frequency [18, 19] and 6 studies with no
controls [20-25] were excluded. Also, 13 arti-
cles on Asian individuals were excluded [26-
38]. No additional relevant studies were found
from the references reviewed. Thus, 31 articles
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Total Events Total Weight M-H, Random, 95% CI

Case Control

Study or Subgrouy Events

Alvarez 231 350 236 400 49%
Bowirrat 40 85 64 112 25%
Buss 180 261 217 308 4.2%
Camelo 35 47 28 39 1.1%
Carbonell 62 80 48 65 1.6%
Chapman 29 49 22 40 1.4%
Farrera 108 151 145 206 3.2%
Helbecgue 275 376 309 444 48%
Ishir 27 35 20 29 0.9%
Kehoe 282 421 321 460 5.0%
Kehoe a 162 198 50 7T 24%
Kehoe b 11 135 70 111 2.4%
Kehoe ¢ 177 209 149 188  3.0%
Keikhaee 81 117 84 125 27%
Kolsch 265 351 250 348 4.4%
Lendon 158 214 76 99  2.6%
Mattila 65 80 41 67 1.7%
Miners 62 86 27 49 1.7%
Monastero 95 149 93 149 3.2%
Myllykangas 161 234 193 278 4.0%
Nacmias 133 235 110 192 3.9%
Nirmal 70 95 103 130 2.2%
FPalumbo 76 140 22 40 1.8%
Panza 92 141 170 268  3.5%
Prince 157 202 126 167  31%
Richard 194 277 206 292 4.2%
Scacchi 52 80 93 153  2.5%
Schachter 204 338 122 164  36%
Seripa a 79 126 64 106 2.7%
Shcherbatykh 109 151 145 204 32%
Sleegers 4682 6488 354 494 B6.0%
Trebunova 49 70 96 126 2.0%
Vardy 73 97 137 188  2.5%
Zuliani 22 40 38 54  1.4%
Total (95% CI) 12108 6180 100.0%

Total events 8599

4229
Heterogeneity: Tau®= 0.04; Chi*= 58.92, df= 33 (P = 0.004); F= 44%
Testfor overall effect Z=156 (P=012)

Odds Ratio Odds Ratio

M-H, Random, 95% ClI

1.35(1.00,1.82)
0.67 [0.38,1.18)
0.91 [0.64,1.31] -
1.15 [0.44, 2.98) —
1.22[0.57, 2.61] —
1.19[0.51, 2.76] —
1.09 [0.69, 1.74) =
1.19[0.88, 1.61] 1
1.52 [0.50, 4.63] —
0,88 [0.66,1.17] -
2.43[1.35, 4.39)

2.71[1.51, 4.87)

1.82[1.11, 2.99)

1.10 [0.64, 1.89] -
1.21 [0.86, 1.69]
0.85 [0.49, 1.49) —
2.75[1.30, 5.79]

210[1.01, 4.39)

1.06 [0.66, 1.70] =
0.97 [0.67,1.42) =
0.97 [0.66, 1.43) -
0.73[0.39,1.37]
0.97 [0.48, 1.97)
1.08 [0.71, 1.66] -
1.14[0.70,1.84) -

R L 1'1T|"'l|||f]i||"fll||"+

0.98 [0.68, 1.40] -
1.20 [0.68, 2.10] -
0.52 [0.35, 0.79] —

1.10[0.65, 1.88] -
1.06 [0.66, 1.68) =
1.03 [0.84, 1.26) 1
0.73 [0.38, 1.40]
1.13 [0.65, 1.99] —
0.51[0.22,1.21]

1.09[0.98, 1.22]

001 04 10 100
Favours [experimental] Favours [control]

Figure 3. Forest plot for ACE I/D polymorphism (II+ID versus DD) and SAD risk.

[8,12, 20, 39-65, 31] met the inclusion criteria
(Figure 1). Different comparisons were made
based on population distribution in the three
articles [12, 40, 57]. The genotype distribution
for the control group in four comparisons did
not follow HWE [42, 49, 57, 62], and these com-
parisons were exclusive in the present meta-
analysis. The characteristics of included stud-
ies are presented in Table 1.

A total of 34 comparisons consisting of 12,108
patients with SAD and 6180 controls were
included in this meta-analysis. For most stud-
ies, the polymerase chain reaction (PCR)-
restriction fragment length polymorphism was
performed. Also, the diagnosis of definite or
probable SAD was established according to the
criteria of the National Institute of Neurological
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and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA), the age- or sex-
matched controls to the cases were found, and
genomic DNA was isolated from peripheral tis-
sues according to the standard procedure
(Table 1).

Meta-analysis database

The combined results showed no significant dif-
ference in Il versus (ID + DD) (OR = 1.02, 95%
Cl = 0.94-1.12, P = 0.59), Il versus DD (OR =
1.07, 95% Cl = 0.97-1.19, P = 0.16), and Il ver-
sus ID (OR = 1.00, 95% Cl = 0.91-1.09, P =
0.93) under the fixed-effects model, and ID ver-
sus DD (OR = 1.10, 95% Cl = 0.98-1.23, P =
0.11) and Il + ID versus DD (OR = 1.09, 95% Cl
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Study or Subgroup __Events _ Total Events Total Weight M-H, Fixed, 95% Cl
Alvarez 70 350 60 400 45%
Bowirrat 5 85 8 112 07%
Buss 46 261 69 306 52%
Camelo 9 47 8 3 0.7%
Carbanell 15 80 16 65 1.4%
Chapman 4 49 5 40  05%
Farrera 27 151 81 206 36%
Helbecgue 67 376 89 444 B67%
Ishir 4 35 g 28 08%
Kehoe a3 42 88 460 68%
Kehoe a 4 198 12 7T 14%
Kehoe b 23 135 22 11 2.0%
Kehoe ¢ 63 209 55 198 4.0%
Keikhaee 21 117 24 125 19%
Kdlsch 100 351 B5 348 47%
Lendon 48 214 22 33 23%
Mattila 16 80 10 67 09%
Miners 23 86 7 483 07%
Monastero 27 149 26 149  21%
Myllykangas 45 234 45 278 3.3%
Nacmias 25 235 260 192 26%
Nirmal 30 35 39 130 2.3%
Palumbo 28 140 8 40  1.0%
Panza 17 141 32 268 19%
Prince 58 202 34 167 27%
Richard 72 277 73 292 53%
Scacchi 9 80 20 153 1.2%
Schachter 56 338 31 164 35%
Seripa a 18 126 16 106 15%
Shcherbatykh 27 151 53 204 37%
Sleegers 1418 6488 109 494 159%
Trebunaova 16 70 28 126 1.5%
Vardy 24 a7 43 188 22%
Zuliani 4 40 8 54 06%
Total (95% Cl) 12108 6180 100.0%
Total events 2539 1210

Angiotensin-converting enzyme gene and Alzheimer’s disease

Heterogeneity: Chi*= 35.89, df= 33 (P=0.33), F=8%

Odds Ratio Odds Ratio

M.H, Fixed, 95% CI

Testfor overall effect: Z= 054 (P = 0.59)

1.42[0.97, 2.07)
0.81(0.26, 2.58)
0.73[0.48,1.11]
0.92(0.32, 2.66)
0.71[0.32,1.57)
0.62[0.16, 2.49)
0.66[0.39,1.12)
0.86 [0.61,1.23)
0.34 [0.09, 1.27)
1.04 [0.74, 1.45)
1.41[0.70, 2.86)
0.83[0.43,1.59)
1.12(0.73,1.72)
0.92 [0.48, 1.76)
1.73[1.22, 2.48)
1.01 [0.57,1.79)
1.43[0.60, 3.39)
2.19[0.86, 5.56)
1.05 [0.58, 1.90)
1.23[0.78,1.94)
0.76[0.42,1.37)
1.08[0.61,1.91)
1.00[0.42, 2.41]
1.01 [0.54, 1.89]
1.58 [0.97, 2.56)
1.05[0.72, 1.54)
0.84 [0.36, 1.95)
0.85[0.52, 1.38)
0.94 [0.45, 1.94]
0.62[0.37, 1.04)
0,99 [0.79, 1.23)
1.04 [0.52, 2.08)
1.11[0.62,1.97)
0.64 [0.18, 2.29)

‘I|;|]ll|||||1|.|l|||||l{‘|]l’l

-
—
—
-

—
—
—
le—

—
-

1.02[0.94, 1.12]

0.01 01 10 100
Favours [experimental] Favours [control]

Figure 4. Forest plot for ACE I/D polymorphism (Il versus ID + DD) and SAD risk.

= 0.98-1.22, P = 0.12) (Figures 2-6) under the
random-effects model. All results for genetic
models and the test for heterogeneity are sum-
marized in Table 2.

Subgroup analysis

A statistically significant difference was ob-
served in late-onset AD (Il vs DD: OR = 0.65,
95% Cl = 0.48-0.86, P = 0.003 < 0.05; Il vs ID:
OR =0.49, 95% CI = 0.38-0.65, P < 0.05; ID vs
DD: OR =1.29, 95% Cl = 1.03-1.61, P=0.03 <
0.05; or Il versus ID + DD: OR = 0.55, 95% CI =
0.42-0.70, P < 0.05) (Table 2), but no statistical
significance in early-onset AD was found. When
stratified by the APOEe4 carrier status, a higher
risk for SAD was also observed for the APOEe4
carrier status (ID vs DD: OR = 1.54, 95% CI =

9798

1.10-2.15, P=0.01 < 0.05; Il + ID vs DD: OR =
1.58, 95% Cl = 1.15-2.16, P = 0.005 < 0.05);
however, the results were not pronounced for
the non-APOEe4 carrier status (Table 2).

Sensitivity analysis

The sensitivity analysis indicated that three
independent comparisons [12, 58] were the
main origin of heterogeneity. The heterogeneity
was removed after the exclusion of these three
comparisons [test for heterogeneity for ID vs
DD (= 12%, P=0.28) and (Il + ID) vs DD (P =
14%, P = 0.25)], and the corresponding pooled
ORs were not materially altered [ll vs (ID + DD)
(OR=1.02,95% Cl =0.94-1.12, P=0.59), ll vs
DD (OR =1.07,95% Cl = 0.97-1.19, P = 0.16), Il
vs ID (OR = 1.00, 95% Cl = 0.91-1.09, P=0.93),
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Odds Ratio

Total Weight M.H, Fixed, 95% CI

Case Control
_ Study or Subgroup _ Events Total Events

Alvarez 70 23 60 236 46%
Bowirrat 5 40 8 64 0.6%
Buss 46 180 69 217 52%
Camelo 9 35 8 28 0.7%
Carbonell 15 62 16 48  15%
Chapman 4 29 5 22 0.5%
Farrera 27 109 51 145  37%
Helbecque 67 275 89 309 7.0%
Ishir 4 27 g 20 0.8%
Kehoe 83 282 88 31 6.5%
Kehoe a 41 162 12 50 1.5%
Kehoe h 23 1M1 22 70 24%
Kehoe ¢ 63 177 55 149 4.3%
Keikhaee 21 81 24 84  19%
Kdlsch 100 2865 65 250 46%
Lendon 48 158 22 76 2.3%
Mattila 16 65 10 41 1.0%
Miners 23 62 7 27 0.7%
Monastero 27 95 26 33 21%
Myllvkangas 45 161 45 193 33%
MNacmias 25 133 26 110 2.6%
Nirmal 30 70 39 103 2.0%
Palumbo 28 76 8 22 09%
Panza 17 92 32 170 2.0%
Prince 58 157 34 126 26%
Richard 72 194 73 206 4.9%
Scacchi 9 52 20 93  1.3%
Schachter 56 204 31122 31%
Seripa a 18 79 16 64 15%
Shcherbatykh 27 109 53 145 38%
Sleegers 1418 4682 109 354 157%
Trebunova 16 49 28 96 1.4%
Vardy 24 73 43 137 2.2%
Zuliani 4 22 8 38 05%
Total (95% CI) 8599 4229 100.0%
Total events 2539 1210

Odds Ratio
M-H, Fixed, 95% CI

1.28[0.85,1.91]
1.00 [0.30, 3.30]
0.74[0.47,1.14)
0.87 [0.28, 2.64]
0.64 [0.28, 1.47]
0.54 [0.13, 2.32]
0.61 [0.35, 1.05]
0.80 [0.55, 1.15]
0.26 [0.07, 1.05]
1.101[0.77,1.57]
1.07 [0.51, 2.25)
0.57 [0.29,1.13)
0.94 [0.60, 1.49]
0.88 [0.44, 1.74]
1.72[1.18, 2.51]
1.07 [0.59, 1.95]
1.01 [0.41, 2.51]
1.68[0.62, 4.59]
1.02[0.54,1.93]
1.28 [0.79, 2.08]
0.75 [0.40, 1.39)
1.23[0.66, 2.29]
1.02[0.38, 2.74]
0.98 [0.51, 1.88]
1.59 [0.95, 2.64)
1.08[0.72,1.62)
0.76 [0.32,1.83]
1.11 [0.67, 1.85]
0.89 [0.41,1.92)
0.57 [0.33, 0.99)
0.98[0.77,1.23]
1.18 [0.56, 2.47]
1.07 [0.58, 1.97)
0.83(0.22, 3.17)

1.00 [0.91, 1.09]

.
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Figure 5. Forest plot for ACE I/D polymorphism (Il versus ID) and SAD risk.

ID vs DD (OR = 1.10, 95% CI = 0.98-1.23, P =
0.11), and Il + ID vs DD (OR = 1.09, 95% CI =
0.98-1.22, P = 0.12) under the fixed-effects
model]. No effect of any study on the pooled
results in the aforementioned five models was
found. The results of sensitivity analysis indi-
cated the stability of the results.

Publication bias

The shape of the funnel plots in genetic models
seemed symmetrical, indicating no evidence
for obvious publication bias (Figures 7-11).
Further, the Egger’s test showed no significant
publication bias in the genetic model [Il vs (ID +
DD), P=0.249; llvs DD, P=0.873; Il vs ID, P =
0.141;IDvs DD, P=0.22, and (Il + ID) vs DD, P

9799

= 0.326)]. Therefore, the potential publication
bias did not materially alter the combined risk
estimate.

Discussion

Epidemiological and pathogenetic evidences
strongly suggested a correlation between
genetic factors and the risk for SAD. On the
basis of this hypothesis, the contribution of
various candidate genes to the risk for SAD was
investigated, and one of the candidate genes
that have been analyzed as a risk factor for
SAD was found to be the ACE gene. ACE modu-
lates the progression of AD via degradation of
Ab or components of renin-angiotensin system
in the brain [6, 7].
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Odds Ratio

1.61 [1.06, 2.44)
0,67 (0.20,2.19]
0.73[0.45,1.18]
1.03[0.29, 3.62)
0.89 (0.34, 2.33]
0.72[0.17,3.10]
0.77[0.42,1.42)
1.01 [0.67, 1.51]
0.56 [0.12, 2.60]
0.94 [0.64,1.39)
256(1.14,5.78]
1.79[0.83, 3.86]
1.75(0.99,3.11]
1.00 [0.48, 2.09]
1.75[1.15, 2.68]
0.90 [0.44,1.80]
2.77[1.01, 7.64]
3.01 [1.08, 8.39)
1.08 [0.56, 2.07]
1.16 [0.69, 1.96]
0.77 [0.42, 1.44)
0.83(0.40,1.71]
0.98 [0.38, 2.53]
1.06 [0.54,2.10]
1.55 [0.85, 2.83]
1.02 [0.66, 1.59]
0.96 [0.39, 2.39]
0.57 [0.32, 0.99]
1.01 [0.46, 2.22]
0.72(0.39,1.32)

Case Control

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI
Alvarez 70 189 60 224 48%
Bowirrat 5 50 8 56 0.9%
Buss 46 127 69 158 54%
Camelo 9 21 8 19  0.7%
Carbonell 15 33 16 33 1.2%
Chapman 4 24 5 23 06%
Farrera 27 69 51 112 3.3%
Helbecque 67 168 89 224 6.4%
Ishir 4 12 8 17 0.6%
Kehoe 83 222 88 227  786%
Kehoe a 41 77 12 38 1.0%
Kehoe b 23 47 22 63  1.3%
Kehoe ¢ 63 95 55 104 25%
Keikhaee 2 57 24 65 2.0%
Kdlsch 100 186 65 163  4.4%
Lendon 48 104 22 45 23%
Mattila 16 AN 10 36 0.6%
Miners 23 47 7 29  06%
Monastero 27 81 26 82 24%
Myllykangas 45 118 45 130 37%
MNacmias 25 127 26 108 31%
Nirmal 30 55 39 66 2.2%
Palumbo 28 92 8 26 1.2%
Panza 17 66 32 130 22%
Prince 58 103 34 75 24%
Richard 72 155 73 159 54%
Scacchi 9 37 20 80 1.3%
Schachter 56 190 K} 73 44%
Seripa a 18 65 16 58  1.7%
Shcherbatykh 27 69 53 112 34%
Sleegers 1418 3224 108 249 157%
Trebunova 16 37 28 58 1.7%
Vardy 24 48 43 94 2.0%
Zuliani 4 22 8 24 09%
Total (95% Cl) 6048 3161 100.0%
Total events 2539 1210

Heterogeneity: Chi#= 43.29, df= 33 (P = 0.11); F= 24%

Odds Ratio
M-H, Fixed, 95% CI
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Figure 6. Forest plot for ACE |/D polymorphism (Il versus DD) and SAD risk.

A collaborative study demonstrated a possible
correlation between ACE gene | allele and the
risk for SAD [12]. Since then a considerable
number of studies were performed to replicate
these results. In Colombian patients, ACE I/D
polymorphism does not appear to confer an
added risk for SAD [39]. However, ambiguous
results have been presented. The ACE I/D gen-
otypes are associated with an increased risk
for SAD in patients with German origin [44]. A
possible protective role for the Il genotype of
ACE was observed by Shcherbatykh et al. [47].
The failure to reproduce replicated studies
might be due to the small sample size used. In
inclusive 34 comparisons, the pooled results
confirmed that ACE I/D polymorphism had no
effect on the risk for SAD. However, the results

9800

of I-square and Cochran’s Q statistic showed
heterogeneity in the two models (Table 2). The
most plausible explanation for the heterogene-
ity may be the presence of an interaction
between age at onset, APOEe4 carrier status,
and ACE I/D polymorphism for the risk of SAD.

The association with genetic risk factors might
be dependent on the heterogeneity of age at
onset. Helbecque et al. showed that the ACE D
allele was at a reduced risk for SAD for the old-
est patients with SAD [45]. However, no correla-
tion of ACE with the age at onset was found for
patients with SAD in Italy [40]. On the basis of
age at onset, statistically significant difference
was found in late-onset AD. The present study
further supported the previous reports of an
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Table 2. Meta-analysis of the association between ACE I/D polymorphism and SAD risk

) ) No. of Test of association Test of heterogeneity
Comparison  Population . Mode
comparisons  OR 95%Cl  Pvalue Z P value 12 (%)
Ilvs. DD Overall 34 1.07 0.97,1.19 0.16 1.39 F 0.11 24
Early-onset 6 095 0.72,1.27 0.75 0.31 F 0.30 17
Late-onset 6 0.65 0.48,0.86 0.003 2.96 F 0.90 0
APOEe4 7 1.31 0.86,2.00 0.21 1.26 F 0.18 33
Non-APOEe4 7 1.17 0.87,1.56 030 1.04 F 0.22 28
Ilvs. ID Overall 34 1.00 0.91, 1.09 0.93 0.08 F 0.33 8
Early-onset 6 0.83 0.64,1.08 0.16 1.39 F 0.28 20
Late-onset 6 0.49 0.38,0.65 <0.05 5.15 F 0.54 0
APOEe4 7 0.82 0.55,1.21 0.32 1.00 F 0.91 0
Non-APOEe4 7 0.81 0.62,1.06 0.13 1.53 F 0.89 0
ID vs. DD Overall 34 1.10 0.98,1.23 0.11 158 R 0.004 44
Early-onset 6 1.16 0.92,1.47 0.22 1.23 F 0.99 0
Late-onset 6 1.29 1.03,161 0.03 2.19 F 0.85 0
APOEe4 7 1.54 1.10,2.15 0.01 254 F 0.35 0
Non- APOEe4 7 1.36  0.97,1.90 0.07 1.80 R 0.06 51
I+ 1D vs. DD Overall 34 1.09 0.98, 1.22 0.12 1.56 R 0.004 44
Early-onset 6 1.09 0.88,1.36 0.42 0.81 F 0.88 0
Late-onset 6 1.07 0.86,1.32 0.54 0.61 F 0.94 0
APOEe4 7 1.58 1.15,2.16 0.005 2.84 F 0.19 31
Non-APOEe4 7 1.28 0.92,1.78 015 1.44 R 0.06 51
Ilvs.ID + DD Overall 34 1.02 094,112 059 0.54 F 0.33 8
Early-onset 6 0.87 0.68,1.11 0.27 111 F 0.19 32
Late-onset 6 0.55 0.42,0.70 <0.05 4.70 F 0.62 0
APOEe4 7 0.98 0.68,1.42 0.92 0.10 F 0.62 0
Non-APOEe4 7 0.92 0.72,1.18 0.52 0.64 F 0.77 0
R: random-effects model; F: fixed-effect model.
Begg's funnel plot with pseudo 95% confidence limits A gene-gene interaction analy-
2 sis should be explored. When
cases and controls were strat-
ified according to the APOEe4
. — carrier status, no significant
14 i D////"/ difference was revealed [42].
y(}_,_//-*’ ° Otherwise, an increase in the
g — - ) risk of developing SAD was
- e SR ° o found in subjects carrying both
0 ‘i"-x\\f ° %, k ° the ACE DD genotype and the
T~ APOEe4 allele (OR = 10.32,
T ) 95% Cl = 2.67-39.81) [53]. A
’ \R“-nx\ statistically significant differ-
1 T ence in the APOEe4 carrier sta-
g ' P 5 tus was observed between
s.e. of: logor

Figure 7. Begg's funnel plot for ID versus DD.

interaction between age at onset and ACE |/D
polymorphism for the risk for SAD [26, 29, 45].

9801

ACE I/D polymorphism and the
risk for SAD in the present
meta-analysis. Hence, a syner-

gistic interaction existed between ACE /D poly-
morphism and APOEe4 carrier status for the
risk of SAD, and ACE I/D polymorphism might
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 10. Begg’s funnel plot for Il versus ID.
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be a genetic risk for patients
with SAD having the APOEe4
carrier status.

The present meta-analysis
of observational studies had
some limitations. First, the
effects of clinical heterogene-
ity (age, gender, and so on) on
the conclusions were explored.
However, the small sample
size might have yielded false-
positive results due to the lack
of statistical power. Therefore,
it is critical that larger-scale,
well-designed studies should
be performed to identify the-
se effects. On the contrary,
the samples (blood and br-
ain) were selected, and differ-
ent genotyping methods were
used with different sensitivity
and specificity, which might
have also resulted in selection
bias and clinical heterogene-
ity. If the heterogeneity was
removed by sensitivity analy-
sis, the overall results were
not materially altered, sug-
gesting the stability of the
results. Third, an important
issue that is often raised in a
methodological meta-analysis
is publication bias. Publication
bias was not detected by the
Begg’s funnel plot and Egger’s
testin this meta-analysis. How-
ever, publication bias might
not be ruled out completely. It
is possible that relevant un-
published articles with null
results might not have been
included, leading to publica-
tion bias.

Despite the aforementioned
limitations, this meta-analysis
demonstrated that the ACE
I/D polymorphism might not
be associated with the risk for
SAD. It was suggested that the
interaction between ACE |/D
polymorphism and age at on-
set or APOEe4 carrier status
might account for the risk for
SAD. On the basis of SAD with
multifactorial etiology, the re-
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Begg's funnel plot with pseudo 95% confidence limits

[5] Skoog I, Wallin A, Fredman
P, Hesse C, Aevarsson O,
Karlsson |, Gottfries CG and
Blennow K. A population
study on blood-brain barrier
function in 85-year-olds: re-
lation to Alzheimer’'s dis-
ease and vascular demen-

logor

tia. Neurology 1998; 50:
966-971.

Karch CM and Goate AM.
Alzheimer’'s disease risk
genes and mechanisms of
disease pathogenesis. Biol
Psychiatry 2015; 77: 43-51.

4
s.e. of: logor

Figure 11. Begg's funnel plot for Il versus DD.

sults of the present meta-analysis should be
properly replicated in future prospective cohort
studies, taking into consideration the in-
teractions.
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