EDITORIAL

Beyond Vitamin Status
Is There a Role for Vitamin D in Parkinson Disease?

T

WO YEARS AGO , N EWMARK AND N EW mark1 hypothesized that insufficient vitamin D could play a role in the pathogenesis of Parkinson disease (PD). The study
by Knekt et al 2 in this issue of the
Archives is the first longitudinal analysis of vitamin D status as a risk of incident PD and examines a cohort of more
than 3000 participants from the Mini-Finland Health Survey. As an important logical progression from previous
epidemiological and animal studies of vitamin D and PD,
Knekt and colleagues’ study begins to address some of
the questions posed by Newmark and Newmark.1 Furthermore, it provides preliminary data supporting future interventional studies of the role of vitamin D in the
pathogenesis of PD.

cently published literature are higher. Many vitamin D
researchers suggest that 25(OH)D concentration should
be above 30 to 40 ng/mL based on results of interventional trials for optimal skeletal health and falls prevention that demonstrate a positive benefit from giving either
a high dose of vitamin D (⬎800 IU daily) or obtaining
25(OH)D concentrations above 30 to 40 ng/mL. Other
investigators have suggested that optimal levels are even
higher, but data supporting this are lacking. Because vitamin D regulates the gamut of physiological processes
that go awry in disease states, including cell proliferation, differentiation, and survival, as well as resistance
to oxidative stress, regulation of other hormones, and immune modulation, it is not surprising that insufficient
or low vitamin D has been associated with increased risk
of several cancers and chronic diseases.3

VITAMIN D AND THE PHYSIOLOGY
OF CHRONIC DISEASE
Vitamin D is no longer considered a vitamin, but rather
a hormone that has autocrine and paracrine functions well
beyond those of regulating calcium absorption and bone
health. The association with and possible causal role of
insufficient vitamin D in many chronic diseases is becoming more widely appreciated, yet what constitutes an
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optimal blood concentration of vitamin D for humans,
and specifically for the human nervous system, remains
unknown; UV-B radiation converts 7-dehydrocholesterol to provitamin D3 in the skin, which is rapidly converted to vitamin D3 then to 25-hydroxyvitamin D3
(25[OH]D) in the liver. Because it has a relatively long
half-life of 2 to 3 weeks, 25(OH)D is the best indicator
of vitamin D status. Analogous to how glycosylated hemoglobin reflects glucose control, 25(OH)D plasma or
serum concentration reflects an individual’s vitamin D
status during the previous 1 to 2 months. Major determinants of 25(OH)D concentration include latitude (or
more specifically, UV-B radiation), season, age, skin tone,
and body mass index, with dietary and multivitamin or
calcium/vitamin D supplement intake providing a relatively small contribution to circulating levels. Older published studies typically use lower cutoffs for vitamin D
deficiency (10-20 ng/mL [to convert to nanomoles per
liter, multiply by 2.496]) that are based on concentrations needed to avoid rickets and osteopenia. However,
the cutoffs for defining vitamin D sufficiency in more re-

VITAMIN D AND NEUROBIOLOGY
Although Stumpf et al4 reported the presence of vitamin
D receptors in the rodent brain and cervical spine in the
early 1980s, exploration of the role of vitamin D with respect to neurobiology in humans and the implications
of vitamin D insufficiency in neurological disease has
burgeoned in the last decade. Eyles et al5 confirmed that
vitamin D receptors and 1-␣-hydroxylase (the activating enzyme for vitamin D) are widespread in the human
brain and mimic the distribution in several other species. Both basic and clinical evidence suggests that
gestational and neonatal vitamin D status affects neurodevelopment, including dopaminergic neuronal development,6 with some dopaminergic effects of neonatal vitamin D supplementation in rodents persisting into the
second-generation (F2) offspring.7
Gestational vitamin D deficiency has been hypothesized to be a factor in the genesis of such neurodevelopmental disorders as autism8 and schizophrenia.6 Epidemiological evidence in humans also supports the
hypothesis that vitamin D deficiency during gestation or
early childhood may affect the risk of schizophrenia. Furthermore, active vitamin D appears to have antiepileptic
activity in vivo and in vitro.9,10 However, the role of vitamin D in multiple sclerosis is perhaps the most thoroughly investigated of the neurological diseases. Vitamin D is known to prevent the experimental allergic
encephalomyelitis animal model of multiple sclerosis and
diminish disease severity once experimental allergic encephalomyelitis is established.11 With substantial epide-
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miological evidence suggesting vitamin D may play a
protective role in the risk of multiple sclerosis12 and openlabel pilot trials suggesting benefits, double-blinded pilot safety and efficacy trials are under way to prepare for
larger clinical trials to examine vitamin D as a potential
disease-modifying treatment.
RELEVANCE OF VITAMIN D TO PD
Interestingly, basic and clinical research on vitamin D also
nicely connects in the context of PD and lends biologic
plausibility to the hypothesis that vitamin D may offer
neuroprotective benefit for patients with PD or could improve clinical PD symptoms. Neurotoxin models of PD
generally show evidence that vitamin D may offer neuroprotection for dopaminergic neurons. Pretreatment with
active 1,25-dihydroxyvitamin D ameliorates toxininduced dopaminergic cell death in both 6-hydroxydopamine dopamine and 1-methyl-4-phenyl-1,2,3,6tetrahydropyridine models, with concomitant increases
in glial cell line–derived neurotrophic factor (GDNF),
brain-derived neurotrophic factor (BDNF),13 and glutathione (GSH) levels14 and decreased levels of proinflammatory cytokines and microglial activation.15 As with
many pharmacologic phenomena, these neuroprotective effects exhibit a U-shaped curve, with loss of neuroprotection or even detriment at higher, presumably supraphysiological, doses. Furthermore, vitamin D may also
be a necessary cofactor or augment the neuroprotective
effects of other compounds such as progesterone.16 However, while gestational vitamin D deficiency appears to
have deleterious effects in newborn and adult rodents and
supplemental vitamin D improves dopaminergic survival in rodents, it is not clear whether vitamin D deficiency in mature animals leads to increased susceptibility to neurodegenerative disease or whether supplemental
vitamin D administered after a toxic insult (but before
morphological or behavioral sequela become apparent)
could offer neuroprotection.
Epidemiologic studies in the mid-1980s by Lux and
Kurtzke17 and Lanska18 suggest a latitudinal northsouth gradient for PD mortality, similar to that seen in
multiple sclerosis. Other studies have not confirmed this
gradient,19 but variations in methodology make comparisons between studies difficult, and no studies have collected data in sufficient detail to take into account all factors that can affect vitamin D status (latitude/UV-B
radiation, skin tone, cultural variations, body mass index, et cetera). To date, human studies of vitamin D status in patients with PD have consistently reported lower
vitamin D levels in cases compared with matched control subjects.20-22 One obvious explanation is that PD is
a chronic disease, and as patients with PD become more
severely affected, they have less UV-B exposure and are
less likely to have adequate intake of vitamin D. Although Sato’s21 studies suggest that the prevalence of vitamin D insufficiency correlates with disease duration and
severity, we could not confirm this,20 and the MiniFinland study2 also calls this explanation into doubt with
lower quartiles of 25(OH)D (measured decades before
clinical diagnosis of PD) predicting increased risk of PD.
Decreased vitamin D intake in PD cases might also ex-

plain the relatively high prevalence of insufficiency, yet
vitamin D intake in cases and controls appears to be comparable.21-23 Interestingly, as Knekt et al2 point out, there
appeared to be a correlation between 25(OH)D concentration and decreased risk of incident PD, but mean 25
(OH)D concentrations in the entire cohort (both cases
and controls) reported in this issue were suboptimal. Thus,
it remains unknown whether concentrations above 30
ng/mL would predict further PD risk reduction. Similar
studies in populations with optimal vitamin D status
would be informative.
A growing body of basic research lends plausibility to
a role for adequate vitamin D status protecting against
development of PD. Knekt and colleagues’ study provides the first promising human data to suggest that inadequate vitamin D status is associated with the risk of
developing PD, but further work is needed in both basic
and clinical arenas to elucidate the exact role, mechanisms, and optimum concentration of vitamin D in PD.
With the animal data showing a U-shaped curve for neuroprotective effects of vitamin D, it seems prudent to confirm the findings presented in this issue and investigate
whether the apparent dose-response relationship observed in the current study maintains its slope, levels off,
or becomes negative with higher 25(OH)D concentrations. In the interim, data from interventional studies of
fractures and falls appear to justify optimizing vitamin
D levels to greater than 30 to 40 ng/mL.
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Announcement
Calendar of Events: A New Web Feature. On the new
Calendar of Events site, available at http://pubs.ama-assn
.org/cgi/calendarcontent and linked off the home page
of the Archives of Neurology, individuals can now submit meetings to be listed. Just go to http://pubs.ama-assn
.org/cgi/cal-submit/ (also linked off the Calendar of Events
home page). The meetings are reviewed internally for suitability prior to posting. This feature also includes a search
function that allows searching by journal as well as by
date and/or location. Meetings that have already taken
place are removed automatically.
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