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Fluorodeoxyglucose–Positron-Emission
Tomography, Single-Photon Emission Tomography,
and Structural MR Imaging for Prediction of
Rapid Conversion to Alzheimer Disease in
Patients with Mild Cognitive Impairment: A
Meta-Analysis
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BACKGROUND AND PURPOSE: Patients with mild cognitive impairment (MCI) are at risk for developing
Alzheimer disease (AD). To diagnose AD at an early stage, one must develop highly specific and
sensitive tools to identify it among at-risk subjects. The purpose of this study was to evaluate and
compare the ability of fluorodeoxyglucose–positron-emission tomography (FDG-PET), single-photon
emission tomography (SPECT), and structural MR imaging to predict conversion to AD in patients with
MCI.

MATERIALS AND METHODS: Relevant studies were identified with MEDLINE from January 1990 to
April 2008. Meta-analysis and meta-regression were done on the diagnostic performance data for each
technique from eligible studies. We estimated and compared the weighted summary sensitivities,
specificities, likelihood ratios (LRs), and summary receiver operating characteristic curves of each
imaging technique.

RESULTS: Twenty-four eligible studies were included, with a total of 1112 patients. FDG-PET per-
formed statistically better in LR� and odds ratio (OR), whereas no statistical difference was found in
pooled sensitivity, specificity, and LR� for each technique. No statistical difference was confirmed
between SPECT and MR imaging. The Q* index estimates for FDG-PET, SPECT, and structural MR
imaging were respectively 0.86, 0.75, and 0.76. In meta-regression, statistical significance was found
only between technique and log OR, with a regression coefficient of �0.575.

CONCLUSIONS: This meta-analysis showed that FDG-PET performs slightly better than SPECT and
structural MR imaging in the prediction of conversion to AD in patients with MCI; parallel performance
was found between SPECT and MR imaging.

The prevalence of Alzheimer disease (AD) doubles steadily
every 5–10 years for individuals older than 60 years of age.1

Before symptoms are manifest for clinical diagnosis of proba-
ble AD, histologic changes of AD may present in asymptom-
atic individuals, which are followed by mild cognitive impair-
ment (MCI). MCI is a heterogeneous entity characterized by
differences in cognitive profile and clinical progression, possi-
bly due to the interplay of genetic, physiologic, and environ-
mental factors.2 The outcome of MCI is uncertain: Many sub-
jects remain stable or even revert to a normal state, whereas
others present progressive neurodegeneration and eventually
develop AD or other dementias.3 Many patients have been
classified as having MCI (or related synonyms) (Table 1), all
referring to individuals “whose cognitive impairment, partic-
ularly memory impairment, is beyond that expected in people

of their age and educational level, but is not severe enough to
reach criteria for dementia, delirium, or organic amnesia syn-
drome.”3,4 To diagnose AD at an early stage, one must develop
highly specific and sensitive tools to identify it among at-risk
subjects, such as patients with MCI. One approach to evaluate
predictive ability would be to collect longitudinal data on a
sample of subjects and retrospectively analyze the initial char-
acteristics of those who eventually convert.

To assess progression and identify patients with progres-
sive MCI, several noninvasive imaging methods are available;
however, there is no consensus on the ideal one. Although the
ability of imaging techniques to predict progression of MCI
has been investigated, the results are based on studies that
differ in terms of population characteristics, methodology,
follow-up interval, and reference standards, some of which are
ineffective to evaluate the predictive value due to small sample
sizes. A meta-analysis thus needed to be performed. By com-
bining relevant evidence, for example a series of effect sizes
such as odds ratio (OR) and risk ratio, from similar studies,
statistical power is increased and more precise estimates can be
obtained. Effects of confounding factors would be lessened by
pooling results from all studies, making the results more ap-
plicable to the wider population. Most important, meta-anal-
ysis provides a framework for the assessment of between-study
heterogeneity—that is, the methodologic, epidemiologic,
clinical, and biologic dissimilarity across the various studies.5
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Furthermore, studies comparing fluorodeoxyglucose–
positron-emission tomography (FDG-PET), single-photon
emission CT (SPECT), and structural MR imaging within the
same patient population are unlikely to be performed because
of increased cost and longer work-up time.

The aim of our meta-analysis was to evaluate and compare
the ability of noninvasive imaging methods (FDG-PET,
SPECT, and structural MR imaging) to predict conversion to
AD in patients with MCI from studies reported in the peer-
reviewed literature.

Materials and Methods

Identification and Eligibility of Relevant Studies
MEDLINE through OVID was used to identify studies. The search

strategy was based on a combination of terms: 1) positron-emission

tomography or tomography, emission-computed, single-photon OR

MR imaging; 2) mild cognitive impairment AND Alzheimer Disease

AND predict*. Searches were limited to human subjects. Abstracts

were read by 2 reviewers (Y.Y., Z.-X.G.) for all articles retrieved. For

relevant abstracts, full articles were obtained and examined. Refer-

ences of retrieved articles were screened for additional studies. Fur-

ther articles citing these articles were also examined by using the So-

cial Sciences Citation Index (1998 to present) through the Web of

Science.

The following inclusion criteria were adopted to conform vari-

ables that may introduce bias or explain heterogeneity of the results

on the basis of the Quality Assessment of Diagnostic Accuracy Assess-

ment (QUADAS) tool6: 1) published between January 1990 and April

2008; 2) peer-reviewed; 3) original studies; 4) reported in English; 5)

including at least 10 subjects; 6) patients at baseline who could not be

classified as healthy or demented but were cognitively impaired; 7)

longitudinal studies that retrospectively analyzed the initial charac-

teristics of those who were progressive and those who remained sta-

ble; 8) not visually rated; 8) either clinical diagnosis (AD based on the

National Institute of Neurologic and Communicative Disorders and

Stroke-Alzheimer disease and Related Disorders Association criteria,7

dementia based on the Diagnostic and Statistical Manual criteria

[DSM-IV],8) or histopathologic diagnosis used as the reference stan-

dard; 9) sufficient data provided either directly or indirectly through

a 2 � 2 table to enable calculation of point estimates and 95% confi-

dence intervals (CIs) for the operating characteristics; 10) the largest

or the most recent articles for reports including overlapped pa-

tients; 11) for PET studies, only those using [18F] fluorodeoxyglucose

(18F-FDG) as tracer, and for MR imaging, only structural MR imag-

ing; and 12) only articles in which the answer yes for the 14 questions

in the QUADAS quality assessment tool6 was given more than 9 times.

The studies with results of different diagnostic methods that were

presented in combination and could not be separated were excluded.

Data Extraction
In each report, 2 investigators (Y.Y., Z.-X.G.) extracted and recorded

data on author names, year of publication, number of patients ana-

lyzed, age, male-female distribution, years of education, score of the

Mini-Mental State Examination (MMSE) at baseline, inclusion and

exclusion criteria, reference standard, follow-up interval, image and

data analytic methods, the regions of cerebral analysis, and a 2 � 2

contingency table. We also extracted the following imaging features:

for FDG-PET and SPECT, the tracer used (FDG-PET tests exclusively

selected 18F-FDG as tracer) and amount of tracer; for MR imaging,

magnetic field strength. To resolve disagreement between reviewers, a

third reviewer (W.-S.W.) assessed all discrepant items, and the ma-

jority opinion was used for analysis.

Data Synthesis and Statistical Analysis
Stata, Version 8.2 (Stata, College Station, Tex) and Meta-DiSc (Javier

Zamora, Boston, Mass)9 were used for statistical analysis. For each study,

we constructed a 2 � 2 contingency table in which all participants were

classified as having positive or negative imaging results at baseline and as

being cognitively progressive or stable during the follow-up interval. To

calculate the log OR (log odds of true positive rate and log odds of false

positive rate), we added 0.5 to each cell in any 2 � 2 table with zero. For

each technique, we estimated the weighted summary sensitivity, specific-

ity, positive and negative likelihood ratios (LR�, LR�), and OR and

described a set of operating characteristics across eligible studies by con-

structing a summary receiver operating characteristic (ROC) curve. We

defined the maximum joint sensitivity and specificity as point Q* on a

symmetric ROC curve, which is a global measure of test accuracy, similar

to the area under the ROC curve (AUC). To determine whether these

values were significantly affected by heterogeneity between individual

studies, we performed meta-regression analysis. We considered variates

to be explanatory if their regression coefficients were statistically signifi-

cant (P � .05). Publication bias was examined by using funnel plots with

the log OR plotted against the standard error of the log OR in each study.

Results

Eligible Studies
Tables 2– 4 summarize the included studies, classified accord-
ing to technique.10-33 Our search strategy identified 326 arti-

Table 1: Diagnostic criteria of synonyms of MCI in eligible studies

Reference Synonyms of MCI Diagnostic criteria
Ishiwata et al, 200617 AAMI 1) Subjective complaints; 2) absence of impaired social or occupational function, 3) �1.5 SDs below

the normal age on the Benton Visual Retention Test; 4) CDR � 0.5; 5) preserved basic daily
activities.

Galton et al, 200524 Questionable dementia 1) Substantiated reports of memory impairment; 2) preserved basic daily activities; 3) MMSE � 23; 4)
equivalent CDR score of 0.5

Johnson et al, 199818

Killiany et al, 200033
Questionable AD CDR � 0.5

Visser et al, 199928 Minimal dementia 1) Limited and variable impairment in cognitive and social functioning, such as difficulty with learning
and recalling events; 2) a tendency to misplace possessions and minor errors in orientation; 3)
DSM-IIIR criteria of dementia were not met; 4) similar entities are �questionable dementia� or CDR
� 0.5 or GDS � 3

Note:—AAMI indicates age-associated memory impairment; CDR, clinical dementia rating; GDS, geriatric depression scale; MCI, mild cognitive impairment; AD, Alzheimer disease; MMSE,
Mini-Mental State Examination.
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cles. After we ruled out the obviously irrelevant abstracts, 66
studies were left, and their full texts were obtained, 19 of which
satisfied all inclusion criteria.11,13,14,16-21,23-28,30-33 Forty-seven
articles were excluded for the following reasons: 1) enrolling
exclusively demented (n � 16) or healthy subjects (n � 3);
2) cross-sectional studies (n � 4) or longitudinal studies not
following clinical diagnosis or histopathologic diagnosis as a
reference standard (n � 1); 3) presented results from a com-
bination of other diagnostic modalities such as neuropsycho-
logical tests that could not be differentiated (n � 3); 4) not
presenting sufficient data to create a 2 � 2 contingency table
(n � 16); 5) review or symposium (n � 3); and 6) clinical trials
of medicine (n � 1).

Although the imaging analytic method was not available in
the study by Silverman et al,15 it was stated that to avoid bias, at
the time the scan findings were reported, readers were blinded
to clinical follow-up data of scanned patients; therefore, the
study was also included. Our manual search of the reference

lists of retrieved articles and several reviews and articles citing
these articles identified 5 articles that met all inclusion crite-
ria.10,12,15,22,29 Although the article of Huang et al, published in
2003,22 overlapped another eligible study published in 2002,23

the end point of patients in the latter was diagnosis of AD,
which was more relevant to the aim of our meta-analysis than
the former with the end point of dementia; thus, analyses were
also done including the article in 2002. Therefore, 24 eligible
studies10-33 (6 FDG-PET, 8 SPECT, and 10 MR imaging) were
finally included in the meta-analysis.

Some enrolled patients were diagnosed with synonyms of
MCI as mentioned before. Because these criteria were similar
to those of MCI, we accepted these patients as having MCI
(Table 1). Four studies narrowed their included patients to
those having amnestic MCI,11,13,21,32 the most common form
of MCI with a higher risk of progressing to AD (10%–30% per
year).5 Although other forms of MCI were not so tightly asso-
ciated with memory disturbance and might progress to disor-

Table 2: Longitudinal FDG-PET studies on at-risk subjects

Study N Decline

Baseline Clinical Characteristics*

FU MethodAge (yr) M MMSE Ed
Chételat et al, 200310 17/7 MCI to AD 69.9 (6.7) 47.1 27.2 (1.3) NA 18 SPM
Anchisi et al, 200511 48/14 aMCI to AD 67.7 (8.3) 50.7 27.7 (1.7) 11.0 (4.7) 12 SPM
Arnaiz et al, 200112 20/11 MCI to AD 62.7 (8.5) 60.0 26.9 (2.3) 11.6 (2.1) 36.8 rCMRGlu
Mosconi et al, 200413 37/8 aMCI to AD 67.1 (7.7) 45.9 28.0 (1.5) 9.6 (4.7) 12.0 SPM
Drzezga et al, 200514 30/12 MCI to AD 70.4 (7.8) 46.7 26.9 (1.9) 11.6 (3.4) 15 NEUROSTAT
Silverman et al, 200315 128/82 MCI to D 66 49.1 24 (6.4) NA 34.8 NA

Note:—aMCI indicates amnestic MCI; N, number of patients analyzed/number of conversions; M, % of male subjects; Ed, years of education; FU, mean follow-up time in months; D,
dementia; SPM, statistical parametric mapping; rCMRGlu, regional cerebral glucose metabolic rates; NEUROSTAT, neurological statistical image analysis software; NA, not available;
FDG-PET, fluorodeoxyglucose–positron-emission tomography.
* Each cell was listed as mean value (SD).

Table 3: Longitudinal SPECT studies on at-risk subjects

Study N Decline

Baseline Clinical Characteristics*

FU TracerAge (yr) M MMSE Ed
Borroni et al, 200616 27/18 MCI to AD 69.4 (7.1) 22.2 27.5 (1.9) NA 24 ECD 1110 MBq
Ishiwata et al, 200617 12/7 AAMI to D 74 33.3 NA NA 36 IMP 222 MBq
Johnson et al, 199818 45/18 QA to AD 72.5 NA NA 14.8 �24 HMPAO 20 mCi
Encinas et al, 200319 42/21 MCI to AD 76.5 (4.2) 35.7 NA NA 12–36 ECD 750 MBq
O’Mahony et al, 199420 15/11 MCI to AD 72.6 33.3 23.3 NA 6 HMPAO 740 MBq
Hirao et al, 200521 76/52 aMCI to AD 69.0 (8.6) 48.7 26.5 (1.6) 12.2 (2.9) 36 ECD 600 MBq
Huang et al, 200322 82/28 MCI to D 60.9 (9.2) 45.1 NA NA 26.4 HMPAO 1000 MBq
Huang et al, 200223 54/17 MCI to AD 61.3 (8.2) 38.9 26.7 (2.2) NA 28.9 HMPAO 1000 MBq

Note:—ECD indicates ethyl cysteinate dimer; IMP, iodoamphetamine; HMPAO, hexamethyl propyleneamine oxime; QA, questionable AD; SPECT, single-photon emission tomography.
* Each cell was listed as mean value (SD).

Table 4: Longitudinal structural MRI studies on at-risk subjects

MRI Study N Decline

Baseline Clinical Characteristics*

FU ROI MagAge (yr) M MMSE Ed
Galton et al, 200524 29/11 ND to AD 63.7 (9.9) 48.2 27.4 (2.4) NA 24.2 HIP NA
Convit et al, 200025 46/14 NL and MCI to AD† 74.0 (7.0) 47.8 27.8 (2.4) 14.8 (3.0) 38.4 MTL 1.5
Devanand et al, 200726 114/31 MCI to AD 66.8 (9.8) 43.9 27.5 (2.2) 15.2 (4.2) 60 HIP ENT 1.5
Geroldi et al, 200627 52/11 MCI to D 70 (6) 44.0 27.2 (1.7) 7.2 (4.2) 15.4 MTL NA
Visser et al, 199928 13/9 MD to AD 78.8 (4.8) 30.0 22.6 (2.0) 7.7 (2.1) 36 MTL 0.6
Korf et al, 200429 75/37 MCI to D 62.9 (9.2) 40.0 26.9 (2.9) 10.2 (3.0) 34 MTL 1.5
Visser et al, 200230 26/7 MCI to AD 64.9 (9.5) 58.1 27.7 (1.8) 10.7 (3.2) 22.8 HIP 1.5
Dickerson et al, 200131 23/12 MCI to AD 68.6 (8.6) 67.9 27.0 (2.2) 15.2 (3.1) 15 ENT 1.5
Teipel et al, 200732 22/7 aMCI to AD 69.7 (8.5) 45.8 27.0 (1.8) NA 27.0 MTL AA 1.5
Killiany et al, 200033 79/19 QA to AD 72 40.0 29.1 NA 36 STS, AC NA

Note:—MRI indicates MR imaging; AA, neocortical association areas; AC, anterior cingulate; ENT, entorhinal cortex; HIP, hippocampus; Mag, magnet strength in Teslas; MD, minimal
dementia; MTL, medial temporal lobe; ND, non-demented; NL, normal controls; STS, superior temporal sulcus.
* Each cell was listed as mean value (SD).
† Including 12 MCI and 2 NL.
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ders other than AD, we still treated these studies as eligible,
taking into account the limited number of included studies.
To evaluate and explain the heterogeneity, we performed sub-
group analyses between studies enrolling patients of different
diagnoses. Although most articles adopted the diagnosis of AD
as an end point, progression was evaluated according to pa-
tients’ changes in MMSE scores in the study of Silverman et
al.15 In the 4 other studies, patients progressed to AD as well as
to other types of dementia.17,22,27,29 Taking into account the
relatively small portion of dementia other than AD (non-AD-
dementia/all subjects, 16.9%), we still enrolled these studies.
Subgroup analyses were executed afterward to evaluate the
contribution of the 4 studies to the heterogeneity. Allowing
both between- and within-study variation, we selected a ran-
dom-effects model whose results were more conservative than
those with a fixed-effects model.

Data Synthesis
For each technique, the weighted summary of sensitivity, spec-
ificity, LR, OR, and their 95% CIs, P value for heterogeneity,
and I2 value are summarized in Table 5. No 95% CI of OR and
LR included 1, confirming the diagnostic value of all modali-
ties. Although no statistically significant difference was found
(P � .05) for each technique in pooled sensitivity, sensitivity,
and LR�, FDG-PET had the highest pooled OR and LR�
(P � .05). No statistical difference was confirmed between
SPECT and MR imaging. The summary ROC curves, Q* in-
dex, and AUC for FDG-PET, SPECT, and MR imaging are
shown in Fig 1. The Q* index estimates for FDG-PET, SPECT,
and MR imaging were 0.86, 0.75, and 0.76, respectively. No
significant difference was found in analyses, including the ar-
ticle of Huang et al in 2002.23

I2 is an index for heterogeneity: I2 � (Q � [k � 1]) / Q �
100%, where Q is the �2 value of heterogeneity and k is the
number of studies included. Along with P � .05 for heteroge-
neity, I2 � 50% further indicates heterogeneity between stud-
ies. The heterogeneity in the LR� test of FDG-PET and the
LR� test of SPECT was highly statistically significant (P �
.001 and I2 � 80%), confirming that there was strong evidence
of between-study heterogeneity (Table 5). To assess possible
explanations for the heterogeneity, we applied single-factor

meta-regression analysis by adding the publication year, age,
male-female distribution, follow-up interval, years of educa-
tion, and mean score of the MMSE at baseline separately as
variates. No apparent relationships were found between these
variables and log OR (P � .05). Statistical significance (P �
.027) was found only between technique and log OR, with a
regression coefficient of �0.575. Subgroup analyses for diag-
noses at baseline (MCI versus synonyms of MCI) and patients’
end points (exclusively AD versus dementia including AD)
were also executed regardless of technique, due to the limited
amount of studies. The OR of studies evaluating patients con-
verting to AD was higher than that evaluating patients with
dementia (P � .03), whereas the sensitivity, specificity, LR�,
and LR� showed no statistical difference (P � .05). No signif-
icant difference was found between studies differing in inclu-
sive diagnoses. Fig 2 demonstrates the funnel plots of all mo-
dalities. Marked asymmetry, with studies missing from the
bottom left quadrant, suggests a publication bias; additional
studies with an OR of approximately 1 might have been con-
ducted but not published because of unfavorable results.34

Discussion
This study aimed to estimate and compare the ability of FDG-
PET, SPECT, and structural MR imaging to predict conver-
sion to AD in patients with MCI across a number of published
studies. Our meta-analysis, including data from 1112 patients,
showed that FDG-PET had moderately better concordance
with follow-up results for the prediction of conversion. Ap-
proximately 88.9% of the patients with progressive MCI were
scanned as positive by FDG-PET, whereas 84.9% of stable pa-
tients had negative FDG-PET at baseline. In addition, this
study aimed to formally assess the heterogeneity in these stud-
ies. The heterogeneity in the LR� test of FDG-PET and the
LR� test of SPECT was highly statistically significant for the
between-study random effect (P � .001 and I2 � 80%); how-
ever, formal meta-regression analyses showed no significant
associations between the mean score of the MMSE at baseline,
age, years of education, male-female distribution, follow-up
interval, and log OR; statistical significance was found only
between technique and log OR. We performed subgroup anal-
yses, respectively, between studies enrolling MCI and syn-

Table 5: Weighted summary of sensitivity, specificity, LR, and OR for each modality

Modality Sensitivity Specificity LR� LR� OR
FDG-PET

Pooled estimates 88.8% 84.9% 4.610 .147 40.146
95% CI (82.2 � 93.6) (78.1 � 90.3) (3.176 � 6.693) (.046 � .476) (18.532 � 6.971)
P value* P � .012 P � .038 P � .510 P � .001 P � .775
I2 value 66.1% 57.4% �.1% 81.4% �.1%

SPECT
Pooled estimates 83.8% 70.4% 2.589 0.318 9.288
95% CI (77.1 � 89.1) (62.9 � 77.2) (1.445 � 4.639) (.207 � .489) (4.477 � 19.271)
P value* P � .007 P � .001 P � .001 P � .288 P � .217
I2 value 64.2% 72.0% 82.2% 17.9% 26.5%

MRI
Pooled estimates 72.8% 81.0% 3.471 .373 10.583
95% CI (65.1 � 79.6) (76.3 � 85.1) (2.619 � 4.600) (.288 � .482) (6.580 � 17.021)
P value* P � .666 P � .092 P � .297 P � .832 P � .533
I2 value �.1% 39.8% 15.9% �.1% �.1%

Note:—LR indicates likelihood ratio; OR, odds ratio.
* P value for heterogeneity.
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onyms of MCI and between studies adopting different end
points (exclusively AD and dementia including AD); still, a
statistical difference was found only in OR in the latter com-
parison. However, it was recognized that estimates of such
effects may be imprecise if only a small number of studies were

available. It might be that these relationships did exist; meta-
regression could detect such associations only if there was suf-
ficient variability in the explanatory variable between studies.
On the other hand, the only significant difference found in
subgroup analyses might be just by chance due to the small
ratio of studies adopting non-AD patients and the small ratio
of non-AD patients in these studies.

The analyses we performed to detect heterogeneity were far
from sufficient; this feature might explain the mostly negative
results in the heterogeneity tests. Although meta-regression
analyses were performed, some results were difficult to assess
definitively because certain variables were only available in
half of the eligible articles, such as years of education. Other
possible factors, such as administered medications, genetic
status,35,36 drop-out rate, and interval between clinical diag-
nosis and imaging, were not discussed because few eligible
studies reported them. Another example of difference lay in
the reliability of the image-analysis technique. Although we
required the eligible studies to have adopted semiquantitative
analytic techniques such as region-of-interest, statistical para-
metric mapping, and 3D stereotactic surface projection to
avoid prepossession of clinical diagnosis, the parameters dif-

Fig 1. A�C, Summary ROC curves for PET, SPECT, and MR imaging. The middle black line is the summary ROC (SROC) curve, and the 2 lines beside it are 95% CIs. SE(AUC) indicates
standard error of area under the ROC curve; SE(Q*), standard area of Q*; MRI, MR imaging.

Fig 2. Funnel plot of with pseudo-95% CIs.
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fered among studies. Similar results occurred for scanning
methodology and acquisition protocol, especially in MR im-
aging. Although variables differed among studies, such as TR,
TE, FOV, flip angle, section thickness, and matrix size, there
were too many variables in methodology and acquisition pro-
tocol of MR imaging to include. Subgroup analyses were also
impossible due to the limited number of studies in each
subgroup.

This study has several limitations. A notable one was the
small number of studies included, which obviously restricted
the statistical analysis we performed and thus impaired the
explanatory power of heterogeneity in our meta-analysis. We
attempted to include as many studies as possible; however,
achieving an adequately homogenous sample of studies re-
quired the exclusion of many studies. It was possible that pub-
lication bias in this field restricted the publication of studies
with less-promising results, because the funnel plots suggested
a lack of studies with an OR value of approximately 1. Another
might be that we only included studies published in English,
which might invoke the so-called Tower of Babel bias.37 Al-
though certain less-qualified studies would be neglected by
limiting publication language to English, the Tower of Babel
bias, which refers to the fact that investigators working in a
language other than English could be sending only studies
with positive results to international journals, would make it
possible that studies with negative results could have been left
out.

The limited number of studies included led to another lim-
itation: It prohibited subgroup analyses and gave a low explan-
atory power to heterogeneity tests. Therefore, our use of tests
to guide us toward the relevant subset was not entirely satis-
factory, and further analyses of variables within each tech-
nique group, such as tracer, region of interest, and magnetic
field strength, were impossible.

In the contrast, compromises were required to ensure a
sufficient sample of studies. For example, the variability in
follow-up interval was considerable between included studies
and was deemed a further limitation. The reported conversion
rate of MCI to AD was 12.0% per year.38 It is conceivable that
a relatively higher percent of patients with baseline MCI would
progress to dementia after a longer follow-up interval and thus
impact the prediction value of the imaging technique. Al-
though no significant contribution to heterogeneity of fol-
low-up interval was demonstrated by using meta-regression
analysis, we could not exclude the possibility that heterogene-
ity did exist, accounting for the misidentification that might
arise from the small sample size in meta-regression.

Finally, a significant limitation was related to the fact that
there were no gold standards for the progression or the inter-
pretation of PET, SPECT, or MR imaging, though high rates of
interobserver concordance were assured in the latter. In some
respects, a region-of-interest approach may enhance reliabil-
ity, though the selection of region of interest may influence the
results. A recent study39 found that atrophy of the left lateral
temporal lobe and left parietal cortex independently predicted
conversion to dementia; however, in our meta-analysis, we did
not compare further the diagnostic value of each region of
interest and the influence it posed to heterogeneity due to the
very limited eligible subgroup studies. Automated deforma-
tion-based analysis has been used to detect a specific pattern of

brain atrophy in AD, but it lacked an established model to
derive the individual risk of AD in patients with MCI.32

Conclusions
This meta-analysis assessed and compared the diagnostic abil-
ity of the noninvasive imaging methods that are currently used
for prediction of conversion to AD in patients with MCI,
which demonstrated that FDG-PET is a useful supplement to
current surveillance techniques, with a predictive accuracy
better than that of SPECT or MR imaging.
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37. Grégoire G, Derderian F, Le Lorier J. Selecting the language of the publications
included in a meta-analysis: is there a Tower of Babel bias? J Clin Epidemiol
1995;48:159 – 63

38. Petersen RC, Smith GE, Waring SC, et al. Mild cognitive impairment: clinical
characterization and outcome. Arch Neurol 1999;56:303– 08

39. Karas G, Sluimer J Goekoop R, et al. Amnestic mild cognitive impairment:
structural MR imaging findings predictive of conversion to Alzheimer dis-
ease. AJNR Am J Neuroradiol 2008;29:944 – 49

410 Yuan � AJNR 30 � Feb 2009 � www.ajnr.org


