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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
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placebo, trandolapril and placebo, and verapamil and placebo were
0.39 (p=0.01), 0.47 (p=0.01) and 0.83 (p=0.54), respectively.
Trandolapril and verapamil, and trandolapril alone delayed the
onset of microalbuminuria by factors of 2.6 and 2.1. Serious side-
effects were essentially the same in all the treatment groups.

The authors concluded that in patients with type 2 diabetes,
hypertension, minimal renal insufficiency and normoalbuminuria,
trandolapril and verapamil, and trandolapril alone decreased the
incidence of microalbuminuria to an equivalent degree. Administra-
tion of verapamil alone had an effect similar to placebo.

COMMENT
Over the past decade, the vascular endothelium has become an
organ of great interest. The interface between the vessel wall and
blood flow, the endothelium, responds to a variety of mechanical
and chemical stimuli to alter vascular haemodynamics. Disrup-
tion of endothelial function produces a tendency to vasoconstric-
tion and promotes inflammation and coagulation in the vessels.
Relative decreases in nitric oxide, increase in adhesion molecules
and various pro-inflammatory cytokines form the molecular basis
for the observed changes. Endothelial dysfunction has been shown
to have a role in cardiovascular disease (including hypertension,
coronary artery disease, congestive heart failure), diabetes melli-
tus and chronic renal failure. Originally, various vascular markers
and changes in vessel resistance were used to identify endothelial
dysfunction, but microalbuminuria has now been shown to corre-
late with its presence as well. Defined as a urinary albumin
excretion rate of 20–200 mg/minute, microalbuminuria was best
known as the earliest indicator of incipient diabetic nephropathy.
However, microalbuminuria has been found in non-diabetic
hypertensive patients as well as in those with other forms of
cardiovascular disease.1 This suggests that increased glomerular
capillary permeability to albumin is just one of the manifestations
of the widespread vascular endothelial changes seen in these
disease states.2

The importance of reducing proteinuria has been widely ac-
cepted as a goal to slow the progression of renal disease. Not only
is proteinuria a marker of more severe glomerulopathy, but re-
cently it has been shown to cause further renal damage. Many
large, randomized controlled clinical trials (particularly in sub-
jects with diabetes) have shown that renin–angiotensin–aldoster-
one system (RAAS) antagonists such as ACEIs and angiotensin
receptor blockers (ARBs) are potent antiproteinuric agents.3,4

Observational data suggest that non-dihydropyridine calcium-
channel blockers (e.g. diltiazem and verapamil) are antiproteinuric
and potentially renoprotective.5 Generalized reduction in blood
pressure is beneficial in reducing proteinuria. However, a de-
crease in blood pressure alone (e.g. with beta-blockers) has not
been shown to reverse endothelial dysfunction. Unlike other
agents, RAAS inhibition decreases oxidative stress and inflam-
mation in the vascular endothelium and may be the reason for their
antiproteinuric effects besides reducing the level of blood pres-
sure. With the increasing awareness that endothelial dysfunction
may be an underlying theme in the pathophysiology of both
cardiac and renal disease, antihypertensives that address both the
vascular changes (as evidenced by a decrease in microalbuminuria)
as well as reduce blood pressure would be the treatment of choice
in these patients.1

This study suggests that ACEI-based regimens should be the
preferred treatment for hypertension in type 2 diabetics since they
delay the onset of microalbuminuria and hence may slow the
progression to overt diabetic renal disease. This supports current

recommendations by the Joint National Commission (JNC VII)
which lists the presence of diabetes as a compelling indication for
the use of ACEIs and ARBs.6 Although previous studies have
demonstrated the antiproteinuric effects of non-dihydropyridine
calcium-channel blockers, this study did not show that the use of
these agents alone would delay the onset of proteinuria. Further-
more, it substantiates results from other studies which show that
RAAS agents have effects over and above their antihypertensive
properties. The investigators did not compare an ACEI with an
ARB or a combination of these two.

Delaying the onset of microalbuminuria would not only be
renoprotective, but since it is a marker for generalized endothelial
dysfunction, it may well impact the high rate of cardiovascular
complications and mortality seen in this population. Statins have
also been shown to have anti-inflammatory effects; however, this
was not controlled for in the study so their contribution remains
unaccounted for in this dataset.1 Although the data certainly show
a delay in the onset of microalbuminuria, longer follow up would
be needed to see if this delay affects clinical end-points in a
meaningful way.

Diabetes remains a growing public health concern. With
estimates that over 300 million people worldwide will be affected
over the next few decades, the incidence of diabetic renal disease
is also expected to skyrocket.7 The social and economic costs of
this epidemic are already staggering and attempts to delay the
progression of diabetic renal disease are of paramount impor-
tance. Continued evidence that RAAS antagonism is beneficial at
many levels helps to consolidate current practice patterns and
should encourage the use of these agents. This study underscores
an important point—waiting for the development of micro-
albuminuria should not be the trigger to use RAAS antagonists.
Rather, prevention of microalbuminuria should be the therapeutic
goal. Although the paper is titled ‘Preventing microalbuminuria
in type 2 diabetes’, the study has widespread implications for
nephrologists and cardiologists. The realization that diabetes and
hypertension are actually part of the bigger picture of endothelial
dysfunction provides a more inclusive approach to the treatment
of these disorders. Studies such as this are helpful in promoting a
more aggressive approach that hopefully will impact real clinical
end-points.
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