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Is Insulin a Potential Therapy  
for Alzheimer’s Disease?

A B S T R A C T  &  C O M M E N T A R Y

By Michael Lin, MD, PhD

Associate Professor of Neurology and Neurosciences,  
Weill Cornell Medical College

Dr. Lin reports no financial relationships relevant to this field of study.

Synopsis: Preliminary trials of low-dose intranasal insulin suggest a 
possible benefit that warrants further investigation.

Source: Craft S, et al. Intranasal insulin therapy for Alzheimer disease and amnestic mild 
cognitive impairment. A pilot clinical trial. Arch Neurol 2012;69:29-38.

A potential role for insulin in alzheimer’s disease (ad) pathogenesis 
has become a topic of recent interest and has spurred several small 

pilot trials of insulin as a treatment for AD or amnestic mild cognitive 
impairment (aMCI), which in a majority of cases likely represents very 
early-stage AD. Intranasal insulin delivery by nebulizer increased cerbro-
spinal fluid (CSF) insulin levels within 30 minutes and acutely improved 
memory in healthy young adults, without affecting systemic glucose or 
insulin levels. In a 3-week, double-blind, placebo-controlled trial of 24 
aMCI or AD subjects, 20 IU intranasal insulin given daily improved verbal 
recall and caregiver-related functional status.1 

The most recent of these pilot trials, the Study of Nasal Insulin to Fight 
Forgetfulness (SNIFF), was initially reported at the 2010 international 
conference on AD and and has attracted significant attention in the popu-
lar press. SNIFF-120 was a 4-month, Phase 2, double-blind, randomized, 
placebo-controlled trial conducted by Suzanne Craft and colleagues at the 
University of Washington, Seattle. Subjects with aMCI (n = 64) or mild/
moderate AD (n = 40) were randomized to receive saline (n = 30), 20 IU 
insulin (n = 36), or 40 IU insulin (n = 38) by intranasal nebulizer divided 
into two doses daily for 4 months. Cognition (delayed story recall, AD 
Assessment Scale Cognitive subportion [ADAS-Cog]) and function (De-
mentia Severity Rating Scale, ADAS-ADL) were assessed in all subjects 
at baseline, 2 months, 4 months, and after 2 months washout. A subset of 
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participants also underwent FDG-PET (n = 40) and CSF 
biomarker analysis (n = 23). 

With respect to memory, 20 IU insulin improved de-
layed story recall compared to placebo, but the 40 IU 
dose did not. Both dose groups showed less deterioration 
in global cognition (ADAS-Cog) compared to placebo. 
Both doses also resulted in less functional decline (DSRS, 
ADAS-ADL) compared to placebo. There were no sig-
nificant changes in CSF biomarker concentrations for the 
placebo or insulin-treated groups as a whole, but on FDG-
PET, insulin treatment (n = 24) was associated with less 
reduction in cerebral glucose use compared to placebo (n = 
16). No treatment-related severe adverse events occurred, 
although aggregate insulin treatment resulted in more mi-
nor adverse events (such as rhinitis) compared to placebo. 

n COMMENTARY

These are encouraging results and are plausible based 
on our current understanding of the role of insulin in the 
brain. Brain insulin receptors are densely localized in areas 
particularly vulnerable in AD, including the hippocampus, 
entorhinal cortex, and frontal cortex. Insulin receptors are 
found primarily in synapses, and insulin signaling contrib-
utes to synaptogenesis, synaptic remodeling, regulation 
of neuronal glucose metabolism, and modulation of long-
term potentiation. Of direct relevance to AD, brain insulin 
levels and activity are decreased in AD. Insulin stimulates 
trafficking of amyloid precursor protein and reduces intra-
neuronal Aβ levels, regulates levels of insulin-degrading 
enzyme (one of the major Aβ-degrading enzymes), and 
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protects against the synaptotoxic effects of Aβ oligomers. 
But these findings are clearly still preliminary. An ap-

plication for a larger, multisite, 18-month trial to be run 
under the auspices of the AD Cooperative Study group has 
been submitted to the National Institute on Aging.   n

Reference
1. Reger MA, et al. Intranasal insulin improves cognition and 

modulates beta-amyloid in early AD. Neurology 2008;70:440-
448.

REM Behavior Disorder as a 
Predictor of Mild Cognitive 
Impairment
A B S T R A C T  &  C O M M E N T A R Y 

By Alan Z. Segal, MD

Associate Professor of Clinical Neurology, Weill Cornell  
Medical College

Dr. Segal reports no financial relationships relevant to this field of study.

Synopsis: REM behavior disorder can be reliably diag-
nosed using a simple bed-partner questionnaire and its 
presence is a risk factor for a future neurodegenerative 
disease. 

Source: Boot BP, et al. Probable rapid eye movement sleep behavior 
disorder increases risk for mild cognitive impairment and Parkinson 
disease: A population-based study. Ann Neurol 2012;71:49-56.

Rapid eye movement (rem) behavior disorder (rbd) is a 
parasomnia in which patients physically enact events 

taking place during their dreams. Muscle atonia, usually 
present in REM sleep, is replaced by “normal” muscle ac-
tivity allowing the patients to move their limbs. Patients 
may kick, punch, or perform other aggressive acts that  
can potentially be dangerous to themselves and their bed 
partner.

There is a well-known association between RBD and 
disorders of alpha-synuclein, including Parkinson’s dis-
ease (PD), dementia with Lewy bodies, and multiple sys-
tem atrophy. It has been previously thought that the link 
between RBD and PD related to alpha-synuclein deposi-
tion in brainstem structures is responsible for REM-atonia, 
and that these directly overlapped with striato-nigral path-
ways affected in PD. More recent data, however, have sug-
gested that RBD may be a cortical process and that it may 
be associated with minimal cognitive impairment (MCI), 
with or without PD. Studies of cerebral perfusion in RBD 
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have shown parietal hypometabolism, and cases of MCI 
in association with RBD have shown a specific predilec-
tion for visual-spatial deficits. Patients with PD who also 
have RBD have a somewhat unique phenotype, including 
a paucity of tremor, hallucinosis, and a poor response to 
dopamine therapy. This suggests that RBD may be associ-
ated with cortical Lewy bodies, although this has never 
been proven pathologically.

Longitudinal studies of RBD patients show that parkin-
sonism or dementia may develop in up to 65% of cases, 
but these data are derived from selected populations, either 
through sleep or movement disorder clinics. A referral bias 
likely exists, since it is known that the severity of RBD 
does correlate with a greater risk of developing a neurode-
generative syndrome. The current study is unique in that 
it examines a general population-based sample from the 
Mayo Clinic Study of Aging (MCSA).

Subjects were diagnosed as having probable RBD 
(pRBD) based on the Mayo Sleep Questionnaire (MSQ), 
which has 100% sensitivity and 95% specificity for RBD 
as confirmed by polysomnography (PSG). The bed part-
ner was asked the question, “Have you ever seen the pa-
tient appear to ‘act out his/her dreams’ while sleeping?” 
pRBD was confirmed if this occurred a minimum of three 
times. The MSQ also screens for obstructive sleep apnea 
(OSA). This was considered present if there was a positive 
response to the questions, “Has the patient ever snorted or 
choked him/herself awake?” and “Does the patient ever 
seem to stop breathing during sleep?” Accurate diagnosis 
of OSA is important, since OSA has been shown to pro-
duce behaviors mimicking RBD. On formal sleep testing, 
these “pseudo-RBD” patients demonstrate normal REM 
atonia rather than the increased muscle activity seen in 
true RBD. There were 44 pRBD+ subjects enrolled in the 
study and 607 pRBD- subjects, followed prospectively for 
3.8 years. MCI developed in 14/44 pRBD+ subjects. One 
subject developed PD, for a total of 15/44 (34%) showing 
MCI/PD. This was compared to 94/607 control subjects 
(15%), yielding a hazard ratio of 2.2 (95% confidence in-
terval 1.3-3.9). The duration of pRBD symptoms did not 
predict MCI, with a range of 2 months to 60 years. None 
of the pRBD+ subjects developed dementia, while eight 
cases were identified in the pRBD- group (commensurate 
with the markedly larger size of this study group). pRBD+ 
subjects were more likely to be taking an antidepressant, 
but exclusion of these 10 subjects did not change the re-
sults. Of the 10 pRBD+ subjects taking antidepressants, 
eight had RBD symptoms predating the drug. Two sub-
jects developed RBD after taking medication and there-
fore were assumed to have “medication-associated RBD” 
since tricyclics and SSRIs are known the precipitate this 
disorder.

n COMMENTARY

In their discussion, the authors note that the true risk 
of pRBD may be underestimated in their study. Although 
the specificity of the MSQ for RBD is 95%, the authors 
estimate that since the prevalence of RBD is relatively low 
(they estimate it at 9%), the positive-predictive value of the 
MSQ is likely only 0.66. Because false-positive subjects 
would be at an MCI risk equivalent to the general popula-
tion, the authors reason that the true risk of MCI in pRBD 
could be significantly higher than their study showed. 
Also, in the absence of formal sleep studies, a proportion 
of the RBD+ subjects may actually have had OSA (since 
as previously noted, these syndromes can often overlap 
clinically). Although OSA itself has recently been linked 
to cognitive impairment, inclusion of OSA subjects in the 
pRBD+ group would likely have further diluted any ability 
to connect true RBD to MCI.

This study suggests that RBD not only may be a har-
binger of a movement disorder but also may portend other 
neurodegenerative processes, more specifically a cortical 
dementia related to Lewy bodies. Should disease-modify-
ing therapies for Alzheimer’s disease and other neurode-
generative syndromes be developed, permitting interven-
tion at preclinical stages of disease, identification of MCI 
will become of the utmost importance. Because MCI ap-
pears to be closely linked to RBD, this sleep disorder may 
become a powerful tool in the identification of potentially 
treatable patients. RBD is not difficult to diagnose. Al-
though a formal diagnosis of RBD requires a sleep study 
(which the authors plan to perform in a further investiga-
tion), this study demonstrates that important conclusions 
regarding “possible” RBD patients can be made using a 
simple bed partner questionnaire.   n

Differentiating Necrotizing 
Myositis from Polymyositis
A B S T R A C T  &  C O M M E N T A R Y

By Michael Rubin, MD

Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports no financial relationships relevant to this field of study.

Synopsis: Necrotizing myositis is a newly described 
inflammatory myopathy that has an autoimmune etiol-
ogy and may be associated with anti-signal recognition 
particle autoantibodies.

Source: Ellis E, et al. Necrotizing myopathy: Clinicoserologic associa-
tions. Muscle Nerve 2012;45:189-194.
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Necrotizing myopathy (nm) lacks the mononuclear 
inflammatory cell infiltrates seen histologically on 

muscle biopsy in idiopathic inflammatory myopathy 
(IIM), including polymyositis, dermatomyositis, and in-
clusion body myositis. Both groups, however, present with 
proximal weakness, elevated serum creatine kinase levels, 
and similar electromyographic abnormalities comprising 
positive waves, fibrillation potentials, and small amplitude, 
short duration, myopathic motor unit potentials. Are there 
particular clinical and serological features or comorbidi-
ties associated with NM that set it apart from IIM?

All muscle histopathology reports from 1992-2009, 
from the Neuropathology Laboratory, Institute of Medical 

Headaches, Blood Pressure,  
Cerebral Autoregulation,  
and Ischemic Lesions

Synopsis: Antihypertensive treatment reduces the 
incidence of headache compared to placebo, but the 
magnitude of the effect differs between drug classes 
independent of the magnitude of blood pressure reduc-
tion. Dysautoregulation in the anterior and posterior 
circulation is associated with migraine with aura.

Sources: Webb AJS, Rothwell PM. The effect of antihypertensive 
treatment on headache and blood pressure variability in randomized 
controlled trials: A systematic review. J Neurol 2012;DOI 10.1007/
s00415-012-6449-y.

Reinhard M, et al. Cerebellar and cerebral autoregulation in mi-
graine. Stroke 2012 DOI: 10.1161/STROKEAHA.111.644674.

Antihypertensive drugs reduce headache, but it is 
unclear whether there are differences between drug 

classes. If so, there might be a correlation between drug-
class effects on variability in systolic blood pressure 
(SBPV) and on headache. Webb and Rothwell evaluated 
antihypertensive class effects on SBPV and headache in 
a meta-analysis of 248 randomized clinical trials of anti-
hypertensive medications in which there was documen-
tation of the occurrence of headache. Antihypertensive 
drug classes were compared with each other, and across 
subtypes within classes. Pooled estimates of treatment 
effect on group variability in BP and on the odds ratio 
for headache were determined by random-effects meta-
analysis. Antihypertensive drugs reduced the incidence 
of headache compared to placebo, but there was signifi-

cant heterogeneity between drug classes. Beta-blockers 
reduced headaches compared to placebo or all other drug 
classes (without significant difference between non-se-
lective and selective agents); calcium channel blockers 
were ineffective. Drug-class effects on headache were 
opposite to the effects on variability in SBP, but were 
unrelated to differences in mean SBP. Variability in SBP 
was reduced most by calcium channel blockers, reduced 
less by diuretics, and increased with randomization to a 
beta-blocker, compared to all other drugs or to placebo. 
These effects were not dependent on differences in mean 
SBP. The authors postulate that differences in variability 
in SBP could reflect effects on peripheral vascular tone 
and could correlate with changes in the cerebral circu-
lation, partly explaining the differences in incidence of 
headache.

The cause and pathology of cerebral white matter le-
sions, commonly found in migraineurs with aura, are 
unknown. Asymptomatic brain lesions, presumed to be 
ischemic, are located in cerebellar border zones, which 
could imply an impairment of cerebellar blood flow au-
toregulation. Reinhard et al investigated the character-
istics of interictal cerebellar autoregulation in patients 
with migraine with (n = 17) and without (n = 17) aura, 
compared to 35 age- and sex-matched controls, using 
triple simultaneous transcranial Doppler monitoring of 
one posterior inferior cerebellar artery (PICA), the right 
posterior cerebral artery (PCA), and the left middle ce-
rebral artery (LMCA). Autoregulation dynamics were 
assessed from spontaneous blood pressure fluctuations 
(correlation coefficient index Dx) and from respiratory-
induced 0.1-Hz blood pressure oscillations (phase and 
gain). Compared with controls, the autoregulatory in-

Stroke Alert: A Review of Current Clinical Stroke Literature

By Dara Jamieson, MD, Associate Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Jamieson reports she is a retained consultant for Boehringer Ingelheim, Merck, and Ortho-McNeil, and is on the speakers bureau for Boehringer Ingelheim. 

and Veterinary Science, Adelaide, South Australia, were 
reviewed to identify cases of NM. Record review of their 
clinical features, including symptoms, signs, and comor-
bidities, was then compared to those of patients with his-
tologically confirmed IIM, based on Hohlfeld criteria. Sta-
tistical analysis comprised Fisher’s exact two-tailed test 
and the chi square test, with significance set at P < 0.05.

Among 86 patients initially identified as NM, 64 were 
confirmed (based on review of biopsy specimens), dem-
onstrating muscle fiber necrosis, macrophage myopha-
gia, and basophilic fiber regeneration in the absence of 
lymphocytic infiltrates, infrequent immunostain positiv-
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ity for CD45 lymphocytes or CD68 mononuclear cells. 
Only 15% demonstrated major histocompatibility com-
plex (MHC) class I and II up-regulation, a feature usually 
seen with IIM. Males comprised 61% of the cases (39/64), 
significantly higher than the female predominance seen in 
IIM (P = 0.0004), and myalgia was more frequent in NM 
than IIM, 81% vs 41% (P = 0.0005). Distal weakness was 
not seen in any NM patient, compared to 27% of the IIM 
group. Among various comorbidities, including hyperten-
sion, diabetes mellitus, thyroid disease, cerebrovascular or 
ischemic cardiovascular disease, only systemic lupus ery-
thematosus was found to be significantly more common in 

NM compared to IIM (21% vs 1%, P = 0.004), but hyper-
tension and diabetes mellitus were found in 65% and 23% 
of NM cases, respectively. Anti-signal recognition particle 
(anti-SRP) antibodies, reportedly a marker for NM, were 
not found in any patient, but anti-PMScl75, anti-Ro-52, 
anti-anti-Ku were found in 5, 2, and 1 patients, respective-
ly. No association with malignancy was detected in this 
cohort of NM. Comprehensive cardiovascular evaluation 
is warranted in patients diagnosed with NM.

n COMMENTARY

NM appears to be a newly emerging, immune-mediated 

Stroke Alert: A Review of Current Clinical Stroke Literature

dex Dx was significantly higher (indicating less auto-
regulation) in the PICA (P = 0.0062) and MCA (P = 
0.0078) in patients with migraine with aura, but not in 
migraine without aura. Phase and gain did not differ sig-
nificantly between migraine patients and controls. No 
significant association of autoregulation with any clini-
cal factor was found, including frequency of migraine 
attacks, time since last attack, time to next attack, and 
orthostatic intolerance. There was no specific cerebel-
lar dysautoregulation in the interictal period. However, 
more static autoregulatory properties were impaired in 
persons with migraine with aura, both in the cerebel-
lar and anterior circulation. The authors concluded that 
cerebellar predilection of ischemic lesions in migraine 
with aura might be a combination of altered autoregula-
tion and additional factors, such as the end artery (poor-
ly anastomotic) cerebellar angioarchitecture. 

n COMMENTARY

The existence of a causal relationship between hy-
pertension and headache is controversial, but some 
classes of antihypertensive drugs are effective prophy-
lactic agents against headaches. Studies of headaches as 
a function of blood pressure must distinguish between 
the different etiologies of this pervasive symptom. 
While some headaches are related to elevated blood 
pressure, such as with posterior reversible encephalopa-
thy syndrome, the association is rare, as reflected in hy-
pertension’s moniker — “the silent killer.” The analysis 
of headaches and antihypertensive therapy should dis-
tinguish between hypertension as a cause of headaches 
and the use of antihypertensive therapies to prevent 
headaches. The fact that antihypertensive medications 
decrease headaches does not imply that elevated blood 
pressure causes headaches. Nuances of the differential 

benefit of blood pressure lowering medications to pre-
vent headaches (e.g., beta-blockers for migraines; vera-
pamil for cluster headaches) reflect distinct pharmaco-
logical effects, rather than the global effect on blood 
pressure. This meta-analysis, which reviews headache 
complaints in randomized clinical trials of antihyper-
tensive treatment, obviously cannot distinguish etiolo-
gies of pre-existent or subsequent headaches. These 
etiological distinctions may be reflected in the meta-
analysis finding of significant differences in the magni-
tude of headache reduction between drug classes, inde-
pendent of effects on mean SBP. The authors point out 
limitations in their analysis, as the trials lumped into the 
meta-analysis were not focused primarily on headache 
outcome data. Also, neuronal activation is likely to play 
a more prominent role in headache pathophysiology, 
than does cerebral autoregulation.

Just as patients with migraine headache are more 
sensitive to environmental perturbations, they may be 
more vulnerable to alterations in cerebral autoregula-
tion. Reinhard et al found that migraine patients had a 
higher score of orthostatic intolerance and more often 
had a history of syncope. However, individual cerebel-
lar or cerebral autoregulation in migraine patients inter-
ictally was not associated with syncope or orthostatic 
intolerance, so the authors concluded that a persisting 
alteration in autoregulation was not a likely explanation. 
The differential dysautoregulation, more pronounced 
in migraine with aura patients than in those without 
aura, is intriguing given the observed increased stroke 
risk in the group with aura. The MRI lesions in the 
brains of migraneurs are widespread, including in the  
cortical white matter and pons, so global, as opposed 
to exclusively cerebellar, dysautoregulation may not be 
surprising.   n
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myopathy, associated with the presence of anti-SRP auto-
antibodies, statins, malignancy, and viral infection.1 Clini-
cally similar to polymyositis, it has been differentiated his-
tologically based on the presence of profound muscle fiber 
necrosis, regeneration, and an absence of inflammatory 
cells. Response to immunosuppressive therapy may be 
good, and includes a prolonged course of high-dose oral 
prednisone, followed, where necessary, by steroid-spar-
ing agents such as mycophenolate mofetil, methotrexate, 
azathioprine, intravenous immunoglobulin, or plasma ex-
change. One case of paraneoplastic NM responded to ce-
tuximab, an anti-epidermal growth factor receptor mono-
clonal antibody. The role of anti-SRP autoantibodies in 
NM remains uncertain, but their levels appear to correlate 
with disease activity, suggesting that they may both play a 
role in pathogenesis and be a useful marker in monitoring 
patients undergoing treatment.   n

Reference
1. Liang C, Needham M. Necrotizing autoimmune myopathy. Curr 

Opin Rheumatol 2011;23:612-619.

When is Brain Biopsy  
Indicated?
A B S T R A C T  &  C O M M E N T A R Y

By Joseph E. Safdieh, MD

Assistant Professor of Neurology, Weill Cornell Medical  
College

Dr. Safdieh reports no financial relationships relevant to this field of study.

Synopsis: When a brain biopsy is being considered for 
a nonmalignant condition, the patients and the site of 
biopsy must be carefully selected to ensure the most use-
ful results.

Source: Gilkes CE, et al. Brain biopsy in benign neurological disease. 
J Neurol 2012 DOI 10.1007/s00415-012-6455-0.

Brain biopsy is an established tool in clinical prac-
tice in the diagnosis of brain tumors. However, a num-

ber of brain biopsies are performed to diagnose nonmalig-
nant conditions. That said, the role of brain biopsy in non-
malignant conditions is less certain and has not been well 
defined. Biopsies can be helpful in cases of CNS lesions 
in immunosuppressed patients, undiagnosed dementias, 
angiogram-negative cerebral vasculitis, prion diseases, 
and other cryptogenic neurological diseases. There are no 
published guidelines regarding the selection of the proper 

patient, or timing or location of biopsies, and biopsy poli-
cies differ significantly between academic medical centers.

Gilkes et al provide a review of the literature, summa-
rizing the experience with brain biopsies for nonmalig-
nant conditions at different institutions. The study periods 
ranged from 1998 through 2008, with the number of biop-
sies ranging from 39 to 68. A histological diagnosis was 
made in 29-65% of biopsies. The most common diagnoses 
were demyelination, Creutzfeldt-Jakob disease, vasculitis, 
and lymphoma. Complication rates ranged from 4-11%. 
The authors point out that both diagnostic biopsies as well 
as nondiagnostic biopsies can influence management, 
since nondiagnostic biopsies may rule out certain condi-
tions that might have required potentially toxic therapies.

In patients with undiagnosed neurological disease, the 
indications for biopsy include establishing a diagnosis 
before initiating disease-specific therapy, providing diag-
nostic support in the case of rapid neurological decline, 
and diagnosing a prion disease. The varying diagnoses de-
scribed at differing sites reflect, to some extent, a selection 
bias in patient referral as well as practice variations regard-
ing which patients are actually biopsied. Additionally, the 
handling of the specimen and types of stains performed 
may differ by site, thereby contributing to the variability 
seen in the literature. 

Before a brain biopsy is considered, it is important to 
exclude diagnoses that can be made by other less invasive 
means. This includes, in appropriate cases, testing for HIV, 
autoimmune and paraneoplastic encephalopathies, very 
long chain fatty acids, white cell enzymes and metabolic 
screening, CSF analysis with viral PCRs, electrodiagnos-
tic studies, cerebral angiography, bone marrow biopsy, 
and biopsies of other organs or non-neurologic lesions 
such as skin, muscle, nerve, GI tract, or tonsil. There are 
many recently described paraneoplastic diseases, includ-
ing NMDA-receptor encephalitis, and these should be ex-
cluded before biopsy. Of course, the clinical presentation 
should guide the appropriate tests.

n COMMENTARY

Most brain biopsies are performed via burr hole or 
small craniotomy and should include 1 cubic centimeter of 
tissue, including gray matter, white matter, and meninges. 
It is important to include meninges because certain condi-
tions like CADASIL and other microangiopathies might 
be missed otherwise. The radiology should guide the loca-
tion of the biopsy, and the biopsy should be taken from 
tissue that is abnormal on imaging, especially in areas that 
demonstrate gadolinium enhancement. However, in some 
cases, if the imaging does not have a specific lesion, it is 
standard to take tissue from the nondominant frontal lobe. 
The risk of brain biopsy is generally low, with modern 
studies reporting a complication rate of 4-8%, mostly tran-
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sient side effects, and in the authors’ series there were no 
deaths or hemorrhages reported.   

It is important that the neurosurgeon, neuroradiologist, 
and neuropathologist are all fully informed regarding the 
differential diagnosis that is being considered in the select-
ed patient, and the authors suggest that at least two neu-
rologists consult independently on the patient to exclude 
conditions that can be diagnosed without biopsy. Most 
brain biopsies are performed after preservation in formalin 
but it is important that fresh tissue be sent as well for mi-
crobiological analysis and genetic analysis and that some 
tissue be saved for electron microscopy. The authors also 
recommend that frozen tissue be stored for repeat analysis 
at a later date pending the emergence of new information 
or new technologies. 

The authors present an algorithm for considering brain 
biopsy, which includes making sure the patient has an un-
diagnosed condition after appropriate less invasive test-
ing, review of the clinical condition and neuroimaging 
by a qualified neuroradiologist, at least two neurologists 
performing a preoperative consultation with a neurosur-
geon to make sure the biopsy site is agreed upon and tissue 
handling is done properly, and preoperative consultation 
with the neuropathologist to ensure proper stains are done. 
Proper communication between the various services is 
likely the most important step in obtaining the most help-
ful biopsy result.   n

Rasagiline for Motor  
Fluctuations in the Elderly 
with Parkinson’s Disease 
A B S T R A C T  &  C O M M E N T A R Y 

By Claire Henchcliffe, MD

Associate Professor of Neurology and Neuroscience, Weill 
Cornell Medical College

Dr. Henchcliffe reports she is on the speakers bureau and advisory board for Al-
lergan and Teva; speakers bureau for Boehringer-Ingelheim, GlaxoSmithKline, 
and Novartis; advisory board for Merz; and is a consultant for Gerson Lehman 
Group and Guidepoint Global.

Synopsis: In a post-hoc analysis, rasagiline, as an 
adjunct to levodopa, is both efficacious in reducing “off” 
time and well-tolerated in individuals older than 70 
years with moderate-to-advanced Parkinson’s disease. 

Source: Tolosa E, Stern M. Efficacy, safety and tolerability of rasagi-
line as adjunctive therapy in elderly patients with Parkinson’s disease. 
Europ J Neurol 2012;19:258-264. 

This post-hoc analysis pooled data from two large 
Phase 3 clinical trials testing rasagiline as adjunctive 

therapy to levodopa, and sought to examine efficacy, safe-
ty, and tolerability in elderly vs younger subjects (≥ 70 vs < 
70 years). The trials were (1) PRESTO: 26 weeks duration, 
rasagiline 0.5 mg daily and 1 mg daily vs placebo; and (2) 
LARGO: 18 weeks duration, rasagiline 1 mg daily vs pla-
cebo; entacapone treatment as comparator. Of 768 pooled 
subjects, 216 individuals were > 70 years, and mean age in 
the younger vs elderly cohort treated with rasagiline was 
59.9 ± 7.0 vs 74.6 ± 3.6 years. Use of dopamine agonists 
was higher in the younger group (67.9 vs 55.9%) but other 
concomitant medications are not reported. Primary effica-
cy endpoint was reduction in mean total daily “off” time, 
which was numerically slightly better in the elderly group 
(-1.41 h rasagiline vs -0.43 h placebo, P < 0.01) than in 
the younger group (-1.43 h rasagiline vs -0.7 h placebo, 
P < 0.001). The elderly group experienced an increase of 
0.58 h (rasagiline) vs 0.25 h (placebo) “on” time without 
troublesome dyskinesias, but an increase in “on” time with 
troublesome dyskinesias from 0.18 h (baseline) to 0.72 h 
in the elderly group (nonsignificant increase in the younger 
group). Rasagiline was well tolerated in both groups. With 
one adverse event of particular concern in elderly patients, 
hallucinations occurred in 6.5% of the elderly vs 1.7% of 
the younger group.

n COMMENTARY 

As the population ages, it is imperative that therapeu-
tic testing be addressed in the elderly. This is particularly 
important as the elderly are more at risk from drug-associ-
ated side effects, particularly if cognitive deficits or other 
age-related medical illnesses are present. “Wearing off” of 
levodopa effect at the end of dose is often disabling and 
distressing to the patient. Management options include 
the MAO-B inhibitors rasagiline and selegiline, dopamine 
agonists, catechol-O-methyltransferase inhibitors, and in 
some cases, deep brain stimulation therapy. For the most 
part, there are few evidence-based guidelines in the elderly 
population. Despite the limitations of post-hoc analyses, 
therefore, this data mining approach offers valuable in-
formation supporting the use of rasagiline as an adjunct 
to levodopa for reduction in “wearing off” in those over 
70 years old. Furthermore, although there were more ad-
verse events in this cohort, it had a good tolerability profile 
overall. Their data do not allay concerns over increasing 
“on” time with troublesome dyskinesias, and this occurred 
more frequently in the elderly vs younger subjects: atten-
tion will still need to be paid to appropriate adjustment in 
levodopa-based medications. Unfortunately, data on other 
medications are lacking and it is possible that the younger 
patients were more likely to take amantadine, which has 
antidyskinetic properties. This study does not replace a 
properly powered prospective trial aimed at answering the 
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question of safety and efficacy of rasagiline in the elderly. 
Nor does it include data broken down by decade (for ex-
ample, it would be desirable to see data in the > 75 or  
> 80 year olds). However, it emphasizes that future studies 
need to include older patients with Parkinson’s disease, and 
does provide some initial data to physicians treating older  
individuals.   n

CME Questions
1. Which of the following statements regarding insulin is false?

a. Low doses administered intranasally have resulted in transient 
memory improvements.

b. A side effect of insulin therapy is hypoglycemia.

c. A side effect of insulin therapy is weight gain.

d. Low-dose insulin therapy is approved by the FDA.

e. Diabetes is associated with an increased risk of developing 
Alzheimer’s disease.

2. REM behavior disorder can only be diagnosed with a formal 
overnight sleep study. 

a. True

b. False

3. Necrotizing myopathy:

a. is associated with the presence of anti-signal recognition par-
ticle autoantibodies, statins, malignancy, and viral infection.

b. is associated with the presence of hypertension and diabetes 
mellitus.

c. is associated with the presence of systemic lupus erythematosus.

d. responds to immunosuppressive therapy.

e. All of the above

4. A negative brain biopsy is not helpful in the diagnostic evalua-
tion of neurological disease.

a. True

b. False

5. Which of the following correctly describes the action of rasagi-
line in the elderly (> 70 years) with Parkinson’s disease?

a. It is effective as adjunctive therapy to levodopa in decreasing 
wearing off, but side effects preclude its use in the elderly.

b. It is effective, safe, and well tolerated in the elderly as 
monotherapy, but may not be used with levodopa due to drug 
interactions in this population.

c. Pooled data from Phase 3 clinical trials suggest it is at least as 
efficiacious in reducing wearing off in the elderly vs younger 
populations.

d. It acts as an adjunct treatment to levodopa to reduce levodopa-
associated dyskinesias.

6. Which of the following statements is true?

a. Treatment of hypertension with beta blockers is associated 
with decreased headaches.

b. Treatment of hypertension with calcium channel blockers is 
associated with decreased headaches.

c. A decrease in headaches with antihypertensive treatment is a 
function of blood pressure lowering.

d. Disruption of autoregulation in the posterior circulation cor-
relates with cerebellar lesions in migraineurs. 

e. Dysautoregulation in the posterior circulation is found in 
patients with migraine, irrespective of the presence of aura. 

CME Instructions

To earn credit for this activity, follow these instructions:
1. Read and study the activity, using the provided refer-

ences for further research.
2. Log on to www.cmecity.com to take a post-test; tests 

can be taken after each issue or collectively at the end 
of the semester. First-time users will have to register 
on the site using the 8-digit subscriber number printed 
on their mailing label, invoice or renewal notice. 

3. Pass the online tests with a score of 100%; you will 
be allowed to answer the questions as many times as 
needed to achieve a score of 100%. 

4. After successfully completing the last test of the se-
mester, your browser will be automatically directed 
to the activity evaluation form, which you will submit 
online. 

5. Once the completed evaluation is received, a credit let-
ter will be e-mailed to you instantly. You will no lon-
ger have to wait to receive your credit letter!

CME Objectives
Upon completion of this educational activity,  

   participants should be able to:

•  discuss current scientific data regarding the  
 diagnosis and treatment of neurological disease;

•  discuss the pathogenesis and treatment of pain;

•  describe the basic science of brain function;

•  discuss new information regarding new drugs  
 for commonly diagnosed neurological conditions  
 and new uses for traditional drugs;

•  identify nonclinical issues of importance for  
 the neurologist.
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Statins and the Risk of Diabetes

This supplement was written by William T. Elliott, MD, FACP, Chair, 
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In this issue: Statins and diabetes risk; new treat-
ment guideline for diabetes; new pertussis vaccine 
recommendation; antibiotics and rhinosinusitis; 
fluoroquinolones and cystitis; and FDA actions.

Do statins increase the risk of diabetes? 
Studies have suggested that statins may increase 

the risk of diabetes in the elderly, women, and 
Asians. A new study reviews data from the 162,000 
postmenopausal women enrolled in the Women’s 
Health Initiative to investigate whether the incidence 
of new onset diabetes mellitus (DM) is associated 
with statin use among these women. This study 
reviewed records from women who were enrolled 
between 1993 and 1998 through 2005. More than 
7% of the women in the study reported taking 
statins. Statin use at baseline was associated with 
an increased risk of DM (hazard ratio, 1.71; 95% 
confidence interval, 1.61-1.81). This association 
remained after adjusting for other potential con-
founders, including obesity, and was observed for 
all types of statin medications. The authors conclude 
that statin medication use in postmenopausal woman 
is associated with an increased risk for DM and that 
this may be a medication class effect (Arch Intern 
Med 2012;172:144-152). As pointed out in a brief 
comment in the same issue, observational data are 
potentially susceptible to “bias (confounding) by 
indication.” In other words, women who would be 
prescribed statins may be inherently at risk for DM. 
This study did a good job of evaluating women with 
and without a history of cardiovascular disease and 
found that there was still an increased risk of DM. 
This finding “may have important implications for 
the balance of risk and benefit of statins in the setting 
of primary prevention in which previous meta-anal-
yses show no benefit on all-cause mortality.” The 

FDA has issued a new warning about statins and the 
risk of diabetes (see FDA actions).   n

Oral medications for diabetes
The American College of Physicians has pub-

lished a new guideline for the “Oral Pharmacologic 
Treatment of Type 2 Diabetes Mellitus” in the 
February 21 issue of the Annals of Internal Medicine. 
The guideline suggests that if diet, exercise, and 
weight loss fail to improve hyperglycemia, oral drug 
therapy should be initiated. Most diabetes medicines 
lower HbA1c levels to a similar degree, and none of 
the medications have compelling outcomes data to 
suggest one class is superior to another class with 
regard to cardiovascular or all-cause mortality. But 
metformin “was more effective than other medica-
tions as monotherapy as well as when used in com-
bination therapy with another agent for reducing 
HbA1c levels, body weight, and plasma lipid levels (in 
most cases).” Therefore, the guideline recommends 
that clinicians prescribe monotherapy with met-
formin for initial pharmacologic therapy for most 
patients with type 2 diabetes. Metformin is effective 
at reducing glycemic levels and is not associated with 
weight gain. Additionally, the drug helps reduce 
LDL cholesterol and triglyceride levels. Metformin 
is contraindicated in patients with impaired kidney 
function, decreased tissue perfusion or hemody-
namic instability, liver disease, alcohol abuse, heart 
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failure, and any conditions that might lead to lactic 
acidosis. For patients with persistent hyperglycemia 
despite metformin, a second drug should be added. 
No good evidence supports one combination over 
another. Sulfonylureas have a higher risk for hypo-
glycemia and thiazolidinediones are associated with 
an increased risk for heart failure. There are no 
specific recommendations for the use of the glinides 
(nateglinide or repaglinide) or the DPP-4 inhibitors 
(linagliptin, saxagliptin, or sitgliptin). The guideline 
does not make a recommendation for combinations 
of more than two oral agents. Injectables, such as 
the various insulins and GLP-1 analogs, were not 
addressed in the guideline. (Ann Intern Med 2012; 
156:218-231).   n

New recommendation for Tdap vaccine 
The Advisory Committee on Immunization 

Practices, a division of the Centers for Disease 
Control and Prevention, is recommending that all 
adults get immunized against pertussis (whooping 
cough). Previously the committee had recommended 
that only adults who spend time around infants or 
young children should be immunized. The goal of 
the expanded recommendation is to prevent teenag-
ers and adults from spreading the disease to infants. 
In 2010, California experienced a pertussis outbreak 
that infected 9000 people and resulted in 10 infant 
fatalities. The adult vaccine combines tetanus, diph-
theria, and acellular pertussis (Tdap).   n

Antibiotics not needed for rhinosinusitis 
Physicians now have more ammunition for not 

treating patients with acute rhinosinusitis with 
antibiotics, based on the results of a new study that 
shows amoxicillin is of no benefit in these patients. 
Researchers at Washington University in St. Louis 
randomized 166 adults with uncomplicated, acute 
rhinosinusitis to a 10-day course of amoxicillin 
500 mg three times a day or matching placebo. The 
main outcome (change in the Sinonasal Outcome 
Test) was not significantly different between the 
two groups at day 3 or day 10. There was a slight 
improvement in the antibiotic group at day 7. The 
authors conclude that “treatment with amoxicillin 
for 10 days offers little clinical benefit for patients 
clinically diagnosed with uncomplicated acute rhi-
nosinusitis.” Patients with symptoms indicative of 
serious complications were excluded from the trial 
(JAMA 2012;307:685-692).   n

Fluoroquinolones for cystitis 
Cefpodoxime is inferior to ciprofloxacin for 

short-course treatment of acute uncomplicated 
cystitis in women, according to new study. In a 

randomized, double-blind trial, 300 women ages 
18-55 with uncomplicated cystitis were random-
ized to ciprofloxacin 250 mg orally twice daily for 3 
days or cefpodoxime 100 mg twice daily for 3 days. 
The overall clinical cure rate with the intent-to-treat 
approach in which patients lost to follow-up were 
considered as having a clinical cure was 93% for cip-
rofloxacin compared to 82% for cefpodoxime. For 
the intent-to-treat approach in which patients lost to 
follow-up were considered as not having responded 
to treatment, the clinical cure rate was 83% for 
ciprofloxacin compared to 71% for cefpodoxime. 
The microbiological cure rate was 96% for cipro-
floxacin compared with 81% for cefpodoxime. At 
follow-up, 16% of women in the ciprofloxacin group 
had vaginal Escherichia coli colonization compared 
with 40% in the cefpodoxime group. The authors 
conclude that cefpodoxime did not meet criteria for 
non-inferiority to ciprofloxacin for treating uncom-
plicated cystitis in women (JAMA 2012;307:583-
589). The study is somewhat disappointing given the 
increasing rates of fluoroquinolone resistance in the 
community and the need for effective alternatives.   n

FDA actions
The FDA has issued a new warning and is requir-

ing label changes to all statins regarding the risk 
of elevated blood sugar and reversible cognitive 
changes. The agency is making these changes after a 
comprehensive review of multiple studies that show 
increases in blood sugar associated with the drugs. A 
separate labeling change warns that cognitive effects 
have been reported with statin use, including tran-
sient memory loss and confusion — symptoms that 
are reversible with stopping the medication. There is 
no evidence that statins are associated with long-term 
cognitive changes or dementia. Statins affected by 
these warnings include atorvastatin, fluvastatin, lov-
astatin, pitavastatin, pravastatin, rosuvastatin, and 
simvastatin. In a separate warning, lovastatin is now 
contraindicated with strong CYP3A4 inhibitors, such 
as itraconazole and erythromycin. This is a similar 
warning to that issued for simvastatin in 2011.

In one of the strangest stories of the year, the FDA 
is warning oncologists that a counterfeit version of 
bevacizumab (Avastin) may have been purchased 
and used by some medical practices in the United 
States. The counterfeit version does not contain any 
active drug and may have resulted in patients not 
receiving needed therapy. Counterfeit bevacizumab 
was purchased from a foreign supplier known as 
Quality Specialty Products or Montana Health Care 
Solutions. The FDA is recommending that physicians 
stop using bevacizumab purchased from the suppliers 
and call the FDA immediately.   n
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Rationale for Zinc 
Supplementation  
in Older Adults  
with Wounds 
Source: Sallit J. Ann Long-Term Care: 
Clin Care Aging 2012;20:39-41.

Zinc deficiency is defined as a serum 
zinc level < 60 mg/dL. Unfortunately, 

there is some question about the reliabil-
ity of zinc levels to accurately reflect zinc 
status, since some persons with prototypic 
symptoms of zinc deficiency (loss of ap-
petite, diarrhea, hair loss, delayed wound 
healing, and smell and taste disturbances) 
have normal zinc levels. Residents of 
long-term care facilities are at risk for 
zinc deficiency, both because they may 
be consuming diets that are lower in zinc 
and also because they may not absorb zinc 
from the diet as well as younger persons. 
For instance, one clinical trial of patients 
from nursing homes (n = 617) found that 
almost half had subnormal zinc levels. 
Some medications can compound the is-
sue — diuretics can deplete zinc.

The roles of zinc in wound healing are 
diverse, including collagen and protein 
synthesis, cell proliferation, and immune 
function. The body’s demands for zinc are 
thought to increase at the time of injury, 
and continue through the early inflamma-
tory phase; hence, zinc deficiency at this 
time can delay wound healing.  

When a long-term care facility resident 
sustains a wound, although it is reasonable 
to ascertain zinc status through serum lev-
els and treat accordingly, it appears equally 
reasonable based upon a high level of sus-
picion of zinc deficiency to simply supple-
ment zinc at moderate doses (15-30 mg/d), 

since such dosing is well tolerated. Indeed, 
a clinical trial at slightly higher supple-
mentation doses (25-50 mg/d × 3 months) 
has been documented to have a beneficial 
effect on wound healing in zinc- deficient 
individuals. The authors suggest that 40 
mg/d be the maximum dose administered 
to non-deficient persons, due to toler-
ability issues (diarrhea, nausea, vomiting,  
vertigo).   n

Occupational Stress 
and Hypertension

Source: Rosenthal T, Alter A. J Am Soc 
Hypertens 2012;6:2-22.

The consequences of job-related 
stress (JRS) have been the object of 

a great deal of research. Of course it is 
difficult to determine the best measure-
ment tool for JRS, and it is equally dif-
ficult to explain how similar levels of JRS 
are interpreted and managed variably by 
different individuals. Some of the data on 
JRS and its relationship to blood pressure 
suggest that JRS need not necessarily be 
perceived to be associated with adverse 
effects. Nonetheless, several lines of evi-
dence lead to the conclusion that identi-
fication of JRS is replicable and conse-
quential in some settings. 

For instance, a review of data from 34 
studies on professional drivers (e.g., bus 
drivers) found a consistent increased risk 
of heart disease and hypertension, attribut-
ed to the wide range of psychological and 
physical stressors. To describe the inherent 
stressful conflict of bus drivers, the authors 
remind us that the drivers are constantly 
dealing with the competing agendas of 
staying on time and optimizing safety. 

Despite the large amount of descriptive 
data that help us identify the negative im-
pact of job stress on health, there is little 
substantive information that anyone has 
found highly effective methods to improve 
outcomes from JRS. It is likely that reduc-
ing JRS and its consequences will require 
interventions on a public health level.   n

Association  
of Psoriasis  
with CV Risk Factors

Source: Shapiro J, et al. J Am Acad Der-
matol 2012;66:252-258. 

In the last decade, the recognition that 
rheumatoid arthritis (RA) is associated 

with adverse cardiovascular (CV) out-
comes has been increasingly highlighted, 
to the point that some voices suggest in-
cluding the presence of RA as a formal 
CV risk factor of similar impact to hav-
ing a low HDL. Psoriasis (PSR) and RA 
share some common features, especially 
including their responsiveness to similar 
disease-modifying therapies, suggesting 
common pathophysiology. The mecha-
nism by which RA imparts increased CV 
risk is unclear, though it is commonly at-
tributed simply to the deleterious effects 
of chronic inflammation. Might PSR also 
be associated with CV risk?

To examine this issue, Shapiro et al 
performed a case-control study that com-
pared PSR inpatients (n = 1079) to age- 
and gender-matched inpatient controls 
who had other non-psoriatic dermatitis is-
sues, such as atopic dermatitis and contact 
dermatitis (n = 1079). 

Multivariate logistic regression found 
that PSR was associated with greater odds 
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ratio (OR) for diabetes (OR = 1.43) and 
hypertension (OR = 1.31). Although PSR 
was associated with CVD, the association 
was no longer present when correcting for 
obesity and hypertension. Although the 
pathogenesis of increased CV risk associ-
ated with PSR is uncertain, the fact that 
PSR produces systemic effects on tumor 
necrosis factor alpha and other inflamma-
tory markers may be critically linked.   n

Our Patients May  
Not be Getting the 
Message About Colon 
Cancer Screening

Source: Barton MK. CA Cancer J Clin  
2012;62:1-2.

In its most recent guidance regard-
ing colon cancer screening (CCS), the 

American Cancer Society iterated a new 
position on choice of tests, basically stat-
ing that “the best test is the test you can 
get done.” This new orientation reflects 
both the philosophical and logistical reali-
ties that of the preventable cancers, CCS is 
the area in which we see the most missed 
opportunity. Currently, only about 60% of 
individuals are receiving any of the age-
appropriate CCS available.

Barton reports on an observational 
study performed in 26 clinics in Michigan 
in which physicians volunteered to have 
patient visits audio-recorded, understand-

ing that investigators were evaluating com-
munication in general, but the study phy-
sicians were not told about any particular 
disease-state focus. Prior to the office visit, 
patients (n = 415) wrote down what infor-
mation they felt they needed to understand 
to decide whether to participate in CCS. 

Of the patients who indicated that in-
formation about test accuracy was very 
important, such information was imparted 
by the physician only 7% of the time. Even 
though most patients (77%-89%) rated in-
formation about pros/cons of testing and 
alternative testing methods as very impor-
tant, communication about these compo-
nents was similarly lacking (4% and 29%, 
respectively).

About half of patients did have ques-
tions about CCS, but clinicians invited 
questions in only about 5% of interviews. 
These well-demonstrated communication 
gaps provide an important opportunity for 
meeting patient needs, which will hope-
fully translate into better adherence with 
CCS recommendations.   n

BMD Testing:  
What’s the  
Appropriate Interval?

Source: Gourlay ML, et al. N Engl J Med 
2012;366:225-233.

Several national and international 
guidelines provide advice about when 

to consider bone mineral density (BMD) 
screening to identify osteoporosis (OSPS) 
based upon age, ethnicity, gender, and 
other risk factors. However, conspicu-
ously lacking from these guidelines is an 
evidence-based path for when to recheck 
BMD, once a baseline is established. 

The Study of Osteoporotic Fractures 
enrolled mid-life American women with-
out OSPS at baseline (n = 4957; age ≥ 67) 
in an observational study. After baseline 
DEXA, scans were performed again at 
year 2, year 6, year 8, year 10, and year 16. 
The primary outcome of the trial was the 
interval after a baseline DEXA at which 
point 10% of participants would progress 
from normal BMD or osteopenia to OSPS. 

As might be completely intuitive, the 
interval for progression to lower BMD lev-
els was proportional to the degree of bone 
loss at baseline. That is, the interval before 
progression to OSPS for women with nor-
mal BMD or mild osteopenia at baseline 

was about 17 years; for those with moder-
ate osteopenia, the interval was 4.7 years, 
and 1.1 years for women with advanced 
osteopenia (T-score = -2 to -2.49).

Based on these data, the authors sug-
gest that for women with baseline T scores 
> -1.5, there is little likelihood of progres-
sion to osteoporosis (< 10%) over 15 
years, and — in the absence of additional 
new risk factors to dictate otherwise — re-
testing BMD might be reasonably put off 
for that same interval. For women with 
lower levels of BMD at baseline, however, 
a shorter interval for re-testing would be 
appropriate: 5 years for those with moder-
ate osteopenia, and only 1 year for those 
with advanced osteopenia.   n

How Common  
is Vitamin B12  
Deficiency in Patients 
on Metformin?

Source: Reinstatler L, et al. Diabetes 
Care 2012;35:327-333.

It has been recognized since the first 
published metformin clinical trials that 

B
12

 levels were impacted. For instance, a 
recent clinical trial found a 19% reduction  
in B

12
 levels (compared with placebo) af-

ter 4 years. Perhaps because common 
clinical signs of B

12
 deficiency (e.g., ane-

mia, neuropathy, cognitive impairment) 
related to metformin treatment are rarely 
seen, clinicians have had low levels of ap-
prehension about the effects of metformin 
on vitamin B

12
 levels.

How common is B
12

 deficiency in pa-
tients on metformin? An answer can be 
found in the NHANES data. Comparing 
adults with (n = 1621) and without (n = 
6867) type 2 diabetes, Reinstatler et al 
report that biochemical deficiency of B

12
  

(defined as level B
12

 < 148 pmol/L) was 
seen in 5.8% of diabetics on metformin; 
this was more than twice as frequent as the 
prevalence among diabetics not on metfor-
min (2.4%), and about more than 1.5 times 
as frequent as in non-diabetics (3.3%).

One curious finding from this study was 
that consumption of B

12
 supplements by dia-

betics did not reduce the frequency of defi-
ciency. It might be that the amount typically 
found in over-the-counter multivitamin sup-
plements (6 mcg) is insufficient, even though 
the amount recommended by the Institute of 
Medicine is only 2.4 mcg/day.   n


