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SUMMARY
Proton magnetic resonance (1H MR) spectroscopy is unique among
the diagnostic imaging modalities in its ability to generate a disease-
specific spectroscopic profile reflecting the different aspects of in
vivo pathological processes at the cellular and molecular level. The
objective of this study was to determine the 1H MR spectroscopic
findings and the intergroup differences among Alzheimer dementia
(AD), vascular dementia (VaD), diffuse Lewy body (DLB) disease
and frontotemporal lobar degeneration (FTLD). Consecutively re-
cruited 206 normal individuals and 121 patients with AD, 41 with
FTLD, 20 with DLB and 8 with VaD were evaluated using single
voxel 1H MR spectroscopy from bilateral posterior cingulate gyri
and inferior precunei.

The generated spectroscopic profiles were evaluated with res-
pect to the normal. The differences among the common dementias
were also analysed. N-acetyl aspartate/creatine (NAA/Cr) levels
were decreased in dementias that are characterized by neuronal loss
such as AD and FTLD, and VaD. Myo-inositol/creatine (mI/Cr)
levels were elevated in dementias that are pathologically character-
ized by gliosis such as AD and FTLD. Choline/creatine (Cho/Cr)
levels were elevated in dementias that are characterized by a
profound cholinergic deficit such as AD and DLB disease.

COMMENT
Our understanding of dementias has increased markedly over the
past decade. Dementias as a group of diseases are varied in their
aetiopathogenesis and clinical manifestations, but share a com-
mon propensity to inflict serious social repercussions. Well-
defined clinical criteria that have evolved as primary tools of
diagnosis are being supplemented by other means such as imag-
ing in a bid to improve detection and prognostication.

Structural magnetic resonance imaging (MRI) has been tradi-
tionally employed to study the pathological changes characteristic
of each disease. Several patterns of anatomical changes have been
described for many diseases with considerable accuracy. Func-
tional imaging modalities such as single photon emission com-
puted tomography (SPECT) and 1H MR spectroscopy have found
application in the diagnosis of various dementias.1

Metabolic changes lie at the heart of any pathological process
and 1H MR spectroscopy is unparalleled in its ability to study the
metabolic milieu of the interrogated voxel. The various dementias
show unique metabolic profiles, directly representing the abnor-

malities at the cellular level. Further, metabolic profiles are
expected to change early in the course of the disease before
significant structural abnormalities become evident. Several stud-
ies have demonstrated the utility of 1H MR spectroscopy in the
early diagnosis of AD.2 It has been shown that therapy for AD
results in changes in the metabolite profiles which can be used to
assess response to therapy.3 Further, it has been shown that the
combination of structural MRI and 1H MR spectroscopy can
improve the sensitivity of either alone.4

Most significant perhaps is the application of 1H MR spectro-
scopy in the differentiation of common dementias. While it is
obvious that metabolic changes are expected at specific sites in
each type of dementia, several studies have shown promise in
identifying the metabolic profiles characteristic of each disease.
These metabolic profiles closely reflect pathological abnormali-
ties and the present study aimed to develop metabolic signatures
that may prove useful in the differentiation of common dementias.
Data can be acquired using the single voxel or multivoxel tech-
nique. The single voxel technique is used to acquire data from a
single volume of brain tissue at a time, typically in the range 4–20
ml. Multivoxel techniques can acquire data simultaneously from
multiple contiguous volumes.

Several studies have shown that NAA levels are decreased and
mI consistently increased in AD.5 NAA is a neuronal metabolite
and its levels correlate with neuronal and axonal density. NAA is
also regarded as a marker of neuronal function. mI, a marker for
glial proliferation, is characteristically elevated. Cho levels, con-
sidered an indicator of membrane turnover and profound cholin-
ergic deficit, are predictably higher in AD. Cr, being a ubiquitous
metabolic component of oxidative pathways, is present in rela-
tively constant amounts in metabolizing tissues. Hence, it is often
used as a comparison standard for quantification of the levels of
other metabolites. The increase in Cho levels, therefore, is ex-
pressed as an increased Cho/Cr ratio.

DLB disease is known to have normal volumes of limbic
structures indicating preserved neuronal integrity and absence of
glial proliferation.6 Accordingly, unlike the other dementias stud-
ied, NAA levels are preserved in DLB disease and mI levels are
normal. Characteristically, the Cho/Cr ratio is increased earlier
and more severely in patients with DLB disease, reflecting cholin-
ergic deficit. VaD, on the other hand, shows decreased NAA
levels primarily because of retrograde Wallerian degeneration and
neuronal dysfunction.7 It must be noted that the study does not
involve measurement of metabolites at the site of white matter
lesions. Reflecting the relative absence of membrane turnover and
relative lack of gliosis, Cho/Cr and mI are normal. FTLD charac-
terized by neuronal loss and gliosis demonstrates decreased NAA/
Cr and increased mI levels. Increased Cho/Cr levels are indicative
of the increased membrane turnover that is associated with loss of
neuropil.

The single voxel technique chosen in the study suffers from a
long scanning time, but is rendered essential because of the need
to choose a short echo time to quantify mI levels. Multivoxel
techniques can be used to acquire data simultaneously from a
selected area of the brain during a single scan time. While this
method may be ideally suited for simultaneous study of contigu-
ous areas, very short echo times required to image mI result in
increasing noise.
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Given the profound social and economic implications of the
disease, evolution of metabolic profiles, which can serve as
imaging markers, is an important step forward. It can be hypoth-
esized that 1H MR spectroscopy may find great value in diagnos-
ing and managing common dementias. The present study employs
clinical criteria for validation of the diagnosis. The authors also
point out that neuropathological correlation may be more defini-
tive and future studies may address this aspect. As discussed
earlier, several studies have shown 1H MR spectroscopy to be of
value in assessing the response to therapy in AD.8 It is therefore
conceivable that this modality can be effectively employed to
quantify response to therapy as well.5

While a cross-sectional study such as this one is a prerequisite
for initial formulation of hypotheses, a longitudinal study evalu-
ating the impact of these metabolic markers is essential. In
addition to data from bilateral posterior cingulate gyri and inferior
precunei acquired in this study, data from other areas of the brain
selected on the basis of known pathology need to be evaluated.
Such an approach involves longer scanning times, especially with
the single voxel technique, but can be expected to improve
differentiation of the diseases. This intuitively appears more
cogent with the pathological basis of the diseases, but suffers from
longer scanning times and patient discomfort. As a way out, future
studies may be needed to arrive at an optimum dataset, thereby
addressing the above concerns. Further, an increasing number of
patients who fall in the mixed dementia group are being identified
and the role of 1H MR spectroscopy in such a scenario is not yet
defined. A triumvirate of clinical methods, 1H MR profiles and
neuropathological studies may then be needed.

To conclude, it is emphasized that metabolic signatures may
prove valuable in the clinical differentiation of common dementias.
1H MR spectroscopy may be widely applied in the quantification
of the therapeutic response in the future. It is conceivable that,

along with clinical scales, metabolic markers may come to be used
to assess response to therapy.

REFERENCES
1 Parnetti L, Lowenthal DT, Presciutti O, Pelliccioli GP, Palumbo R, Gobbi G, et al. 1H-

MRS, MRI-based hippocampal volumetry, and 99mTc-HMPAO-SPECT in normal
aging, age-associated memory impairment, and probable Alzheimer’s disease. J Am
Geriatr Soc 1996;44:133–8.

2 Miller BL, Moats RA, Shonk T, Ernst T, Woolley S, Ross BD. Alzheimer disease:
Depiction of increased cerebral myo-inositol with proton MR spectroscopy. Radiology
1993;187:433–7.

3 Satlin A, Bodick N, Offen WW, Renshaw PF. Brain proton magnetic resonance
spectroscopy (1H-MRS) in Alzheimer’s disease: Changes after treatment with
xanomeline, an M1 selective cholinergic agonist. Am J Psychiatry 1997;154:1459–61.

4 MacKay S, Ezekiel F, Di Sclafani V, Meyerhoff DJ, Gerson J, Norman D, et al. Alzheimer
disease and subcortical ischemic vascular dementia: Evaluation by combining MR
imaging segmentation and H-1 MR spectroscopic imaging. Radiology 1996;198:537–45.

5 Valenzuela MJ, Sachdev P. Magnetic resonance spectroscopy in AD. Neurology
2001;56:592–8.

6 Molina JA, Garcia-Segura JM, Benito-Leon J, Gomez-Escalonilla C, del Ser T,
Martinez V, et al. Proton magnetic resonance spectroscopy in dementia with Lewy
bodies. Eur Neurol 2002;48:158–63.

7 Schuff N, Capizzano AA, Du AT, Amend DL, O’Neill J, Norman D, et al. Different
patterns of N-acetylaspartate loss in subcortical ischemic vascular dementia and AD.
Neurology 2003;61:358–64.

8 Waldman AD, Rai GS. The relationship between cognitive impairment and in vivo
metabolite ratios in patients with clinical Alzheimer’s disease and vascular dementia:
A proton magnetic resonance spectroscopy study. Neuroradiology 2003;45:507–12

LAKSHMI NARASIMHAN RANGANATHAN

Institute of Mental Health
Kilpauk
Chennai

Tamil Nadu

SRINIVASARAMAN GOVINDARAJAN

Barnard Institute of Radiology
Madras Medical College

Chennai
Tamil Nadu

Renin–angiotensin–aldosterone system
antagonists: Preventing diabetic nephropathy

Ruggenenti P, Fassi A, Ilieva AP, Bruno S, Iliev IP, Brusegan V,
Rubis N, Gherardi G, Arnoldi F, Ganeva M, Ene-Iordache B,
Gaspari F, Perna A, Bossi A, Trevisan R, Dodesini AR, Remuzzi
G; Bergamo Nephrologic Diabetes Complications Trial
(BENEDICT) Investigators. (Mario Negri Institute for Pharmaco-
logical Research, Clinical Research Center for Rare Diseases,
Aldo e Cele Daccò, Villa Camozzi, Ranica, Bergamo; Unit of
Nephrology, Azienda Ospedaliera, Ospedali Riuniti, Bergamo;
Unit of Diabetology, Treviglio Hospital, Treviglio; Unit of
Diabetology, Bergamo Hospital, Bergamo, Italy.) Preventing
microalbuminuria in type 2 diabetes. N Engl J Med 2004;351:
1941–51.

SUMMARY
BENEDICT (Bergamo Nephrologic Diabetes Complications Trial)
is a multicentre, randomized clinical trial designed to assess whether

administration of angiotensin-converting enzyme inhibitors (ACEI)
and non-dihydropyridine calcium-channel blockers (alone or in
combination) can prevent the development of microalbuminuria in
patients with hypertension and normoalbuminuric type 2 diabetes.
Only those with a mild degree of renal impairment (serum creatinine
<1.5 mg/dl) were studied. Over 1200 patients were enrolled to
receive either trandolapril alone (2 mg per day), trandolapril (2 mg
per day) and verapamil (sustained-release formulation, 180 mg per
day), verapamil alone (sustained-release formulation, 240 mg per
day), or placebo. The target blood pressure was 120/80 mmHg. An
appropriate washout period for previous antihypertensive agents
was allowed before random assignment of treatment. The baseline
characteristics of patients in all groups were fairly equally matched.
Subjects were followed for over 3 years to allow for the development
of the primary end-point of persistent microalbuminuria (overnight
albumin excretion >20 mg/minute on two consecutive visits). The
primary outcome was reached in 5.7% of patients on both drugs, 6%
of those on trandolapril, 11.9% of those receiving verapamil, and
10% of controls receiving placebo. In secondary analysis of the data,
a statistical tool (acceleration factor) was used to determine the
relative effect of one treatment over another in terms of accelerating
or delaying time to onset of persistent microalbuminuria. The
acceleration factors for comparison between the combination and




