
Vitamin D, Mood and the
Mind
Experiences of the Tuda Study

Dr. Conal Cunningham
Mercer’s Institute for Research on Ageing
St. James’s Hospital, Dublin



Acknowledgement
! Doctoral thesis of Dr Kevin Mc Carroll
! Watts Fellow
! Mercer’s Institute for Research on Ageing



Vitamin D

! A fat soluble steroid
produced by action of
sunlight on skin -1920s

! Dietary intake from oily fish,
fortified foods or
supplements



Vitamin D Receptor -1969

! Nuclear receptor found in
many cells in the body 
! Bone
! Muscle
! Cancer cells
! Central Nervous system

! Increases intestinal
absorption of calcium
! Numerous direct cellular

effects – influences over 200
genes identified to date



Clinical effects of vitamin D
! Bone

! Increases Bone Mineral Density
! Reduces fractures

! Muscle
! Increases muscle strength

! Cardiovascular disease
! ?

! Cancer
! ?

! Brain
! ?



Vitamin D deficiency
! <25nmol/l Severe deficiency
! 25-50nmol/l Deficiency
! 50-75 nmol/l “Insufficiency” (US Endo Soc) vs replete (US IOM)

! >75 nmol/l Replete

! 1 billion people Vitamin D deficient or insufficient
! US 50% Vit D deficient and 75% insufficient



Vitamin Deficiency in Ireland
 

P reva lence of Vitamin D de fic ienc y (< 50 n mol/l ) in Ire land 

Author Si ze Po pula tio n Pr eva l enc e ( %) Othe r Com ments 

Cashman et al., 2013 1132 Adults aged ! 18 years  40.1  Year round figure 

Hill et al., 2008 1015 12-15 years old in Northern Ireland 36.0 Adolescent group 

Lardner et al., 2011 143 Community dwelling middle aged females  47.0  Not on supplements 

Hill et al.,2006 95 Healthy postmenopausal females (51-75 years) 48.0  In Winter, not on supplements 



Vitamin D and the Brain
! Vitamin D metabolites discovered in CSF of healthy adults

(1984)

! Vitamin D receptor widely expressed in the brain
! temporal, orbital and cingulated cortices, cerebellum, mesopontine area,

thamalus, hypothalamus, in the accumbens nuclei, parts of the stria
terminalis and amygdala and widely throughout the olfactory system
(McCann et al., 2008)

! Multiple gene targets in the brain



Vitamin D Gene Products in the Brain



Animal studies
! VDR Knockout Mice

! Premature ageing, anxiety

! Vitamin D deficiency Mice
! Normal working memory but disrupted attention

! Vitamin D supplementation of aged rats was found to increase !-
amyloid clearance and decrease amyloid burden (Briones et al., 2012).

! It also ameliorated the age related decline in learning and memory. In
addition, a vitamin D enriched diet was correlated to a decrease in
amyloid plaques and A! amyloid peptides in transgenic mice (Yu et al.,
2011).



Cross sectional studies - Cognition
Cross Sectional Studies of 25(OH)D and Cognition  

Auth or No. Age  Test /  M eas ure  Associati on  Comme nt 

Mc G rath e t a l., 2007  9556  20 -59  

60 -90  

Adul t group:  D DST. S DL T 

E lderly:  Short  s tory re ca ll 

No  Bri ef t es t in e lderly  

S linin e t a l., 2012  6257  76.6  M odif ied M MSE (3M S), T MB  Yes  Bot h t es ts  whe n 25(O H)D  < 25 nm ol/l ve rsus  !  75 nm ol /l.  

Tol panne n e t a l., 2011  4310  

4290  

60 -90  

20 -59  

Olde r a dul ts : s tory re call 

Younge r a dults : D SST , S DLT  

 

No  

 

Llewellyn e t a l., 2010  3325  73.7  W AIS di gi t spa n, l im ited M MSE, EBM T( s tory 

re call), G CS, M CS 

Yes  Only a ttention, ori etant ion w he n 25(O H)D  25 – 50 nm ol/l, no 

conf ounds  

Lee e t a l., 2009  3133  60.0  DSST, RO CT, CT RM , Yes  Only w ith D SST  

Llewellyn e t a l., 2009  1766  78.2  AMT  Yes  Only i n m ales  i n f ul l m ode l, s om e subj ect ins titutiona lised 

Bue ll e t a l., 2009  
1080  75.0  

T rails  A &  B, D SST, W M S l ogi cal m em ory a nd 

subt es ts 

Yes  Exe cutive  tes ts  onl y a nd w he n 25(O H)D < 25nm ol /l 

Cha n e t a l., 2011  939  > 65  CS I- D 
No  In m ales  whe n c om pa ring 25(O H)D < 63 nm ol /l vs . >92 

nm ol/l 

Anweiller e t a l. 2010  752  80.7  SPMSQ  Yes  Be low 25 nm ol /l inc reased ri sk  

 

Cross Sectional Studies of 25(OH)D and Cognition  

Author  No.  Age Te st /  M easure Assoc iation  Comme nt  

MeNant  et a l., 2012  463  78.0  MMSE, D SMT T MT A &B, T MT di f f, Bl oc k D es ign S core  Yes  Be low   50m ol /l re duc ed s core  in T MT B &  

BD S  

Seamans  et a l., 2010  188  76.2  CANT AB Yes  Onl y i n f emales  

Ouds hoorn e t al., 2008  225  77.7  MMSE  Yes   

Peterson e t al., 2012  159  85  CDR, M MSE No No a djus tm ent f or s e ason  

Jorde  e t a l., 2006  148  62.1  Trails  A  &  B, m emory, l angua ge &  e xe cutive  te sts  No M ay ha ve  be en unde rpow ere d 

Skalksa  et a l., 2012  138  79.6  AMT Yes  Highe r ri sk w hen 25(O H)D be tween (23.26 -

47.8 nm ol /l), no c onf ounds  

Lasaite e t a l., 2011  130  18 -26  DST, T MA & B No No a djus tm ent f or c onf ounds  

Brouw er- Bol sm a e t al., 2013  127  65+  Exec utive f unc tion  Yes   

Anweiller e t al. 2010  95  71.1  Mild Cogni tive Im pairm ent (W inbl ad e t a l. c ri teria) Yes   

Wilki ns  e t al., 2006  80  74.8  CDR, S BT , M MSE, L angua ge , M emory, E xe cutive  tes ts  Yes  Onl y w ith S BT  & CD R, S om e subj ects  w ith 

de ment ia 

Aung e t a l., 2007  44  ! 65  MMSE, CD T  No  No adjus tm ent f or c onf ounds  

Przye lski  e t al., 2007  32  79.5  MMSE  Yes  No a djus tm ent f or c onf ounds  

Hansen e t a l.. 2011  25  34.6  N-Ba ck t es t, a ccura cy &  re action t ime Yes  No a djus tm ent f or c onf ounds  

DSST - Digit Symbol Subs titution Tes t, D SMT- Digit Symbol Matching Tes t, A MT - Abbreviated Mental Test, CD R –  Clinical Dementia Rating Scale , CA NTAB – Cambridge 

Neuropsychological T es ting A utom ated Battery, M MSE – Mini Mental S tate E xamination,  S BT –  Short Blessed T est,  T M A&B –Tr \ail making A & B.  [Ages  quot ed a s ra nge or m ean ] 

15 of 22 cross
sectional studies
showed positive
associations between
vitamin D levels and
cognition



Cohort Studies - Cognition

5 of 6 longitudinal studies show greater decline in
cognition in vitamin D deficient subjects



Randomised controlled trials
Cognition

Only 1 of 4 RCTs showed a positive effect



Vitamin D and Mood
! Depression has a seasonal variation

! Higher in Winter when vitamin D levels are lower

! Summer sunlight has been found to increase brain serotonin
levels at least twice as much as winter sunlight (Lambert et
al., 2002)

! Vitamin D can regulate catecholamine levels (Eyles et al.,
2013).



Cross sectional studies - Mood

15/24 studies show
inverse association
between vitamin d levels
and mood



Cohort Studies - Mood

5/6 longitudinal studies showed an increased risk of
developing depression when vitamin d levels were
low



Randomised controlled trials
 Mood

8/16 RCTs positive



Vitamin D vs Cognition & Mood
! Reasonable observational associations between low vitamin

d levels low mood and impaired cognition

! Poor and limited evidence of effect of vitamin d
supplementation

! Observational studies very heterogenous
! Many populations not vitamin d deficient
! Use of insensitive or limited measures
! Dementia not always excluded
! Inadequate controlling for confounds (sun exposure, supplement

use)
! Inadequate controlling for frailty (reverse causality)



Tuda Study

! Very large homogenous population (3 Irish community
dwelling cohorts aged 60 or over - > 5,000 subjects)

! Disease specific cohorts allowing over representation of
certain diseases

! Neuropsychological test battery - very sensitive measure of
cognitive impairment

! Dementia excluded – early effects can be studied

! Diet, supplement use and solar radiation exposure all
recorded



Tuda study
! Community dwelling patients > 60 years

! MMSE <16 or clinical dementia excluded

! 3 cohorts

! Mild Cognitive impairment
! <1.5 sd in at least 1 cognitive domain on neuropsychological testing

! Osteopaenia
! T score < 1 sd

! Hypertension
! BP >140/90 and/or on anti-hypertensive meds



Tuda and Cognition

! MMSE <24 excluded

! Hypertensive cohort 1568
! Bone cohort 1330
! Cognitive cohort 1199

! Significant interaction terms between vitamin d cognition and
cohort (all p<0.0001) so cohort analysed separately



Tuda and Mood
! Mood assesses using Centre for Epidemiologic Studies Depression

scale (CES-D)
! Mood analysed both continuously (CES-D score) and dichotomously

(CES-D score !16 indicating major depression)

!  MMSE <24 excluded

! Hypertensive cohort 1568
! Bone cohort 1330
! Cognitive cohort                 1199

! Significant interaction terms between vitamin d CESD score and cohort
(all p<0.0001) so cohort analysed separately



Vitamin D and Cognition/Mood

! Strong independent associations between vitamin d and
specific cognitive domains seen in some but not all of the
cohorts

! Strong independent associations between vitamin d and
mood seen in some but not all of the cohorts



Implications
! Vitamin D associations are more complex than heretofore

suspected.

! Vitamin D levels seem to be associated with mood and
executive dysfunction in patients with intact cognition

! Associations were seen across all quintiles of Vitamin D level


