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ABSTRACT
Background: Alzheimer’s Disease is the most prevalent neurodegenerative disease amongst the elderly,
affecting 6% of individuals aged 65 years and older, and it also causes inevitable psychological and physical
dependency. Symptoms progress slowly and include impairment of memory and executive function, speech
and comprehension difficulties, as well as psychological symptoms such as hallucinations, delusion, and
depression. Although the exact causes of AD are currently unknown, research has shown that both genetic
and environmental factors, including diet, play a role. Specifically, there has been a greater interest in
whether vitamin D deficiency increases the risk of developing Alzheimer’s disease in the elderly population.
Processes that are affected in Alzheimer’s include calcium homeostasis, neurotransmission, aß and tau
protein accumulation, oxidative stress, and inflammation, which are all influenced by vitamin D levels.
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Objective: To evaluate the association between vitamin D deficiency and the risk of developing Alzheimer’s
disease in the elderly.

OBJECTIVE
To evaluate the association between vitamin D deficiency and the risk of developing Alzheimer’s disease in
the elderly.

BACKGROUND
Dementia is an umbrella term that encompasses several brain diseases that cause a decline in cognitive
function and disruption to everyday life. Currently, 47.5 million people worldwide suffer from dementia, with
Alzheimer’s disease (AD) accounting for 60-70% of cases [9]. Alzheimer’s Disease is the most prevalent
neurodegenerative disease amongst the elderly, affecting 6% of individuals aged 65 years and older, and
causes inevitable psychological and physical dependency [10]. The pathogenesis of the disease involves the
proliferation of neurofibrillary tangles and amyloid plaques in the brain, which are two abnormal protein
structures [11].
Psychological symptoms
- Personality changes
- Hallucinations
- Delusions
- Confusion
- Depression
- Aggression

Shen et al. (2015)¹

Population
• 5 study populations from 3 studies
• n = 10,019
• Mean age 73.6 years

Methodology & Design

Findings

Meta-analysis

• Subjects with deficient vitamin D status were at increased risk of developing AD, compared to those with 25(OH)D
level > 50 nmol/L
• Overall OR = 1.21, 95% CI 1.01 to 1.40, I² = 0.0% (no significant heterogeneity)

• PRISMA guidelines
• MEDLINE database

• 1658 elderly US residents
• Mean age 73.6 years
• Participants of the “Cardiovascular Health Study”
• Free of dementia, CVD, and any history of heart
attacks or stroke

Prospective population-based study
• Determined serum 25 hydroxyvitamin D (25(OH)D) concentrations in 1992-1993
• Assessed AD status at follow up in 1998-1999
• Cox proportional hazards models used to assess the association

• 102 participants had developed AD at follow up
• Compared with participants who had sufficient 25(OH)D concentrations, the hazard ratio for AD was 2.22 in
participants who were severely deficient, and the hazard ratio was 1.69 in those who were deficient
• Vitamin D may be neuroprotective against AD
• “Sufficiency” is 50 nmol/L, in the context of dementia risk

Afzal et al. (2014)³

• 10 186 white individuals, Danish population
• Free of any dementia diagnosis at baseline

Prospective cohort study
• Plasma samples of 25(OH)D collected at baseline in 1981-1983
• AD diagnoses collected from the national Danish patient registry
• Cox proportional hazards regression

• 418 cases of AD during 30 years of follow-up
• Adjusted hazard ratios for AD increased as levels of 25(OH)D decreased
• Association between reduced plasma 25(OH)D levels and an increased risk of AD

Zhao et al. (2013)⁴

• 6 studies
• 319 patients and 573 controls total
• Mean age of each study population at least 66.4
years

Meta-analysis
• MEDLINE database, literature search from 1983 to 2012
• Only used papers showing comparative analyses of individuals with AD against healthy
populations

• Patients with AD had lower levels of 25(OH)D, as compared to healthy controls
• Summary standardized mean difference of -1.39, 95% CI -2.79 to 0.01
• Six study results showed statistically significant heterogeneity

Buell et al. (2010)⁵

• 318 elders receiving home care
• Participants of the Nutrition and Memory in Elders
(NAME) study
• Mean age 73.5 years

Cross-sectional study
• Phlebotomy (fasting blood sample analyzed for 25(OH)D concentration)
• Dementia classification by a team of neurologic exam + MRI
• Logistic regression used to examine associations between AD and 25(OH)D concentration

• 25(OH)D concentrations deficient (<10ng/mL) in 14.5% and insufficient (10-20 ng/mL) in 44.3% of participants
• 25(OH)D insufficiency was associated with more than twice the risk of all-cause dementia (AD, stroke with
dementia, and other) after adjusting for confounders
• 25(OH)D deficiency was associated with a higher prevalence of AD (17.4% vs 6.9%, p < 0.01)

• 498 community-dwelling women
• Mean age 79.8 years
• From the EPIDemiology of OSteoporosis Toulouse
cohort study
• Free of vitamin D supplements

Prospective cohort study
• Self-report questionnaires used to estimate baseline dietary vitamin D intakes
• 4 to 7 year follow-up
• Cognitive status assessed using Mini-Mental Status Examination at the 7th year of follow-up
• Two logistic regression models used to examine association

• 14.1% of participants had AD at follow-up
• Subjects who developed AD had lower baseline vitamin D intakes than women who did not develop AD
• Higher vitamin D dietary intake was associated with a lower risk of developing AD among older women
• Dietary intake of vitamin D was inversely associated with the onset of AD (OR = 0.99, 95% CI 0.98 to 0.99)
• The highest consumption of dietary vitamin D was associated with a decreased incidence of AD by 4.35 times.

• 37 studies (21 cross-sectional, 10 case-control, 1
before-after with comparison group, 2 prospective
cohort, and 3 RCTs)
• 30 studies included only elderly participants (65+
years)

Systematic review and meta-analysis
• Medline, Embase, Amed, PsychINFO and Cochrane Central databases
• Any published English-language study examining relationship between vitamin D and cognition
• Used random-effects models for the weighted mean difference and Hedge’s g

• Individuals with AD had lower 25(OH)D concentrations compared to those without AD
• Mini Mental State Examination scores were lower in individuals with lower 25(OH)D concentrations
• Lower vitamin D concentrations are associated with poorer cognitive function and a higher risk of AD

Littlejohns et al.
(2014)²

Annweiler et al.
(2012)⁶

Balion et al. (2012)⁷

Annweiler et al.
(2012)⁸

Systematic review and meta-analysis
• MEDLINE and PsycINFO databases, no date or language restriction for literature search
• 10 observational studies (9 case-controls, 1 cohort)
• Serum concentration of 25(OH)D used as the indicator for Vitamin D status
• Determined effect size of the difference between 25(OH)D concentrations in cases vs. controls

-

-

Limitations
Confounding variables (gender differences in AD
incidence, skin pigmentation, anti-AD drugs, genetic
factors, amount of sunlight exposure, older age,
lifestyle factors) → overestimation of association
Cannot assume causality → individuals with AD are
less likely to spend time outdoors and more likely to
have poor nutrition → lower vitamin D levels
Misclassification bias → measurement of vitamin D
status is not consistent between all of the chosen
studies
Confirmation bias → searched for data to confirm the
association rather than disprove it
Foreign language exclusion bias, rhetoric bias, ease
of access

Considering that AD is a multifactorial disease, it is not surprising that dietary factors may play a role in its
development, particularly vitamin D deficiencies.
Future research should investigate:
- Potential advantages of vitamin D supplementation in reducing the risk of developing Alzheimer’s
disease in healthy individuals, as well as in slowing the progression in diagnosed individuals
- Benefits of vitamin D administration as part of a treatment plan
- Other dietary factors that may interact with vitamin D deficiency to further exacerbate the disease

• 6 out of 9 case-control studies found that AD cases had significantly lower levels of serum vitamin D
concentrations, compared to controls
• One study found a decreasing trend of 25(OH)D concentrations among severe AD cases, as compared to mild
AD cases
• Cross-sectional analysis showed a higher prevalence of AD among participants with serum 25(OH)D < 10ng/mL,
as compared to subjects with 25(OH)D > 20ng/mL

CONCLUSION

DISCUSSION

Figure 2. Normal brain vs. Alzheimer’s brain

Although the exact causes of AD are currently unknown, research has shown that both genetic and
environmental factors, including diet, play a role. Specifically, there has been a greater interest about
whether vitamin D deficiency increases the risk of developing Alzheimer’s disease in the elderly population.
Vitamin D has been found to play an important role in the brain, by stimulating macrophages to increase the
phagocytic removal of amyloid plaques [2], which is one of the hallmarks of Alzheimer’s disease. Vitamin D
is also beneficial through its actions in vasculoprotection, the preservation of neurons [13], and the
regulation of nerve growth factor (NGF), choline acetyltransferase, and neurotrophin production - which are
all neuroprotective substances [7]. Furthermore, Vitamin D levels influence calcium homeostasis,
neurotransmission, aß and tau protein accumulation, oxidative stress, and inflammation, which are some of
the affected processes in Alzheimer’s disease [7]. Therefore, deficiency in this vital substance has been
linked to a higher prevalence of Alzheimer’s disease in the elderly.

N=8

Table 1. Results of the structured literature review of the association between Alzheimer’s disease and vitamin D deficiency in the elderly

Key Findings
- Deficiency in 25(OH)D serum
concentration is associated with a higher
prevalence of Alzheimer’s disease.
- Vitamin D sufficiency is suggested to be
50nmol/L, in the context of dementia risk.
- Higher vitamin D intake is inversely
associated with the onset of Alzheimer’s
disease.

Figure 1. Symptoms of Alzheimer’s Disease
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RESULTS
Study

Conclusion: The evidence strongly supported an association between vitamin D deficiency and an
increased risk of developing Alzheimer’s disease, in individuals aged 65 years and over. Further research is
required to confirm the relationship and assess the potential advantages of vitamin D supplementation in
reducing the risk of developing Alzheimer’s disease.

"Alzheimer's" OR "Dementia"
AND "Vitamin" AND
"deficiency"
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Exclusion Criteria:
General dementia only
Published in another language
Published before 2000
Does not answer research question
Animal studies
Case reports and expert opinions

Figure 3. Methodology of the structured literature review of the association between Alzheimer’s disease and vitamin D deficiency in the elderly

Methods: A structured literature review was conducted using the PubMed and Scopus databases. Relevant
studies were obtained using the following keywords: “Alzheimer’s Disease”, “vitamin D”, “deficiency”,
“dementia”, and “elderly”. Only peer-reviewed articles published within the last 15 years were used.
Results: The keyword searches identified 43 potentially relevant reports, which were screened against the
exclusion criteria to obtain the 8 articles which were analyzed, including 4 meta-analyses.

"Alzheimer's" AND "Vitamin D"
AND "elderly"

Inclusion Criteria:
English language
Published between 2000-2016
Elderly population (over 65
years old)
Peer-reviewed journal
Full text available through
uOttawa Library

Results of the structured literature review, n = 8, showed that there is an association between vitamin D
deficiency and an increased risk of developing Alzheimer’s disease amongst the elderly.
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