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Abstract

Background and purpose: Cross-sectional studies showed an inverse association be-
tween serum 25-hydroxyvitamin D (250HD) and white matter hyperintensities (WMHs)
whereas the few longitudinal studies did not. The association between baseline 250HD
and WMHs at 10-year follow-up in the Heinz Nixdorf Recall Study plus 1000BRAINS was
investigated.

Methods: Data of 505 participants (49% women, 56.2 + 6.6 years) with 250HD at base-
line (2000-2003) and WMH volume and grade of WMHs using the Fazekas classification
at 10-year follow-up were analysed. The association between deseasonalized 250HD
and the base-10 logarithm of WMH volume was evaluated by multiple linear regression,
adjusted for age, sex, education, smoking, alcohol consumption, sports, diabetes mellitus,
systolic blood pressure and total cholesterol. -estimators were transformed back (10).
Using multiple logistic regression, odds ratios (ORs) and 95% confidence intervals (95%
Cl) were calculated to evaluate the association between deseasonalized 250HD and
Fazekas grades (0, absence and 1, punctate foci vs. 2, beginning and 3, large confluence).
Results: Mean 250HD was 17.0 + 8.2 ng/ml, and mean deseasonalized 250HD was
16.9 £ 7.5 ng/ml. Mean WMH volume was 16.6 =+ 17.4 ml, range 1-132 ml. Most grade
2-3 WMHs were found to be periventricular (39% of the participants), parietal (32%) and
frontal (31%) (temporal 6%, occipital 3%). The linear regression showed an inverse asso-
ciation between 250HD and WMH volume. On average, a 250HD increase of 1 ng/ml
was associated with a reduced WMH volume by a factor of 0.99 (95% CI 0.98; 1.00) (fully
adjusted). There was also some indication for an inverse association between 250HD
and extent of periventricular (OR 0.98 [95% Cl 0.96; 1.01]), frontal (0.99 [0.97; 1.02]) and
parietal (0.98 [0.95; 1.00]) WMHs according to the Fazekas classification.

Conclusions: Lower 250HD may be a risk factor for the occurrence of WMHs.

KEYWORDS
250HD, brain, hypovitaminosis D, leukoaraiosis, magnetic resonance imaging, vitamin D, white
matter lesions

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

Eur J Neurol. 2021;28:1849-1858.

wileyonlinelibrary.com/journal/ene 1849


www.wileyonlinelibrary.com/journal/ene
mailto:﻿
https://orcid.org/0000-0001-6493-6009
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sara.schramm@uk-essen.de

1850 | SCHRAMM €T AL.
INTRODUCTION Figure 1 shows the flowchart of the study population. Out of

4814 participants at t,, 1727 participants without follow-up were
Many cross-sectional studies show that lower serum excluded at t,; of the remaining participants 436 were excluded

25-hydroxyvitamin D (250HD) is associated with a greater extent
of white matter hyperintensities (WMHSs) [1-6]. This relationship
was not observed in the few longitudinal studies available [7-9].
Nonspecific age-related morphological brain changes are char-
acterized by an increase in WMHs, also called leukoaraiosis [10].
WMHs can be visualized in magnetic resonance imaging (MRI)
and typically appear rather symmetrically within the white mat-
ter of both hemispheres. They cause disruptions of the cortico-
subcortical white matter tracts connecting brain regions [11].
WMHs do not appear to cause symptomatic burdens during early
stages, but people with more extensive WMHSs tend to have re-
duced cognitive and functional abilities. WMHSs are associated with
an increased risk of stroke [12], brain atrophy, cognitive and motor
decay [13], dementia [8] and even death [14,15]. Deep WMHs are
associated with cerebral ischaemic small vessel disease and hy-
pertension, whilst periventricular WMHs are generally imputed
to age-related subcortical brain atrophy [16-18]. Since vitamin D
influences immunomodulatory and neuroprotective processes in
the brain [19], the question arises as to whether lower vitamin D
levels cause WMHSs. The aim of this study was to investigate the
association between baseline 250HD and the extent of WMHs at
10-year follow-up measured with 3 T MRI based on the data of the
large longitudinal population-based Heinz Nixdorf Recall (HNR)
Study and 1000BRAINS.

METHODS
Study population

The study population was based on the HNR study and 1000BRAINS.
Both studies have been described in detail elsewhere [20,21].
Briefly, the HNR study is an ongoing population-based study that
started in 2000-2003 (t,). Men and women aged 45-75 years at
t, from the general population living in three large adjacent cities
(Bochum, Essen, Muelheim/Ruhr) were recruited from a random
sample derived from mandatory citizen registries. The response rate
was 56%. In total 4814 participants (50% women) were enrolled
[22]. The study was certified and recertified according to DIN EN
ISO 9001:2000/2008. 1000BRAINS started in 2011 and is an epi-
demiological, neuroscientific study which focuses on structural and
functional variability in the human brain during the process of ageing
[20]. Participants were recruited from the 10-year follow-up (sec-
ond follow-up, t,) of the HNR study, amongst others. Additional to
the HNR study protocol, 1000BRAINS conducted multimodal brain
imaging with 3 T MRI, neuropsychological tests, further laboratory
tests, genetic examinations and introduced additional question-
naires. All participants provided written informed consent, gave per-
mission for future measurements, and both studies were approved
by the institutional ethics committee.

without 250HD measurements at t, or t,, 2080 participants with-
out MRI at t,, 27 because of motion artefacts in MRI, 19 partici-
pants with history of stroke and 20 without Fazekas classification
due to missing sequence. Our final study population comprised 505

participants.

Measurements

Computer-assisted face-to-face interviews, clinical examinations,
comprehensive laboratory tests and MRI were conducted according
to standard protocols. The questionnaires referred to behavioural
risk factors (smoking, drinking of alcoholic beverages, physical activ-
ity), full medical history and sociodemographic characteristics.

250HD

Serum 250HD was measured as a prehormone of active vitamin D
by the LIAISON® 25 OH Vitamin D TOTAL Assay by DiaSorin which
is a direct competitive chemiluminescent immunoassay using coated
magnetic microparticles. DiaSorin states dynamic range 4-150 ng/
ml, functional sensitivity 24 ng/ml, concordance correlation coeffi-
cient 0.95, sufficiency 30-100 ng/ml, insufficiency <30-10 ng/ml,
deficiency <10 ng/ml [23]. 250HD was measured on thawed serum
samples (stored at -80°C). Participants were asked about vitamin
substitution at t; and t,.

Exposure variable

The exposure variable was deseasonalized 250HD at t,,. For desea-
sonalization, 250HD residuals of the total HNR population at t, with
n =4131 250HD readings were estimated, standardized by calendar
week of measurement. Residuals were added to the mean 250HD
value of 16.02 ng/ml. The same was done to estimate 250HD resid-
uals at t, (n = 2982, mean 250HD 15.78 ng/ml). The further analysis
comprises only participants with MRI.

Magnetic resonance imaging

Participants were excluded from MRI according to the standard
ethical and safety guidelines for MRI examination for people who
exclusively receive the examination for scientific purposes: coronary-
artery scans, cardiac pacemakers, surgical implants or prosthesis in
trunk or head, claustrophobia, history of neurosurgery, presence of
tattoos or permanent make-up on the head. Relative contraindica-
tions were dental implants and bridges; the scans were discontinued
if the objects led to artefacts [20]. MRI scans were performed on a 3
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FIGURE 1 Flowchart of the study

population. *Others, but no fluid population att0:
attenuated inversion recovery (FLAIR) n=4814
sequence to perform the Fazekas
classification was available loss of fO”OW-Up: n=1727
population att2:
n=3087
—> no 250HD at t0 or t2: n=436
n=2651
no MRI at t2: n=2080
n=571
MRI motion artifacts at t2: n=27
n=544
history of stroke before t2: n=19
n=525
missing Fazekas scale*: n=20

analysis population:

n=505

T MR scanner (Tim-TRIO, Siemens Medical Systems) in the Research

Centre Jilich, Germany.

Outcome variables

Outcome variables were (i) the MRI volume of WMHs in millilitres
and (ii) the location and extent of WMHs in MRI according to the

Fazekas classification [24].

1. WMH volume: For the detection of the WMH volume an an-
atomical 3D T1-weighted magnetization prepared-rapid gradient
echo (MPRAGE) sequence and a T2-weighted fluid attenuated
inversion recovery (FLAIR) sequence was used. WMH volume
was measured using the Lesion Segmentation Tool for the
software tool SPM8, version 1.2.3, 2013, as implemented in
MATLAB 2013b (Statistical Parametric Mapping) [25].

2. Fazekas classification: Using FLAIR sequences two independent
raters evaluated the location and extent of WMHSs independently
according to the qualitative rating scale of Fazekas et al. [24]. The
rating scale was modified because it was specified by allocation of
the WMHs to frontal, parietal, occipital and temporal lobes, and
periventricular [26]. Periventricular hyperintensities were graded
as 0, absence; 1, ‘caps’ or pencil-thin lining; 2, smooth ‘halo’; and 3,

irregular periventricular hyperintensities extending into the deep
white matter. Separate deep WMH signals were rated as 0, ab-
sence; 1, punctate foci; 2, beginning confluence of foci; 3, large

confluent areas [24,26].

Confounder variables at tO

Included confounder variables were defined as follows. Body mass
index was calculated from height and weight. Education was clas-
sified according to the International Standard Classification of
Education (ISCED-97) as total years of formal education, combin-
ing school and vocational training. ‘Low education’ was defined as
<13 years of education, otherwise ‘high education’. ‘Current smok-
ing’ was defined as a history of cigarette smoking during the past
year. ‘Past smoking’ was defined as quitting smoking more than a
year ago, otherwise ‘never smoking'. Alcohol drinking behaviour was
assessed via a self-report questionnaire asking about the average
consumption of different beverages within the last 4 weeks. The
proportion of pure alcohol per beverage was then multiplied with
the frequency of drinking. All beverages per person were summed
up, resulting in the amount of total consumption of pure alcohol in
grams per week [27]. ‘Sports’ was defined as ‘yes’ when practised in
the last 4 weeks before the interview, otherwise ‘no’. Fasting blood
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glucose was measured. Participants were classified as diabetics
when glucose exceeded 2126 mg/dl or they reported use of insu-
lin or oral hypoglycaemic agents [28]. Blood pressure was measured
using an oscillometric method (Omron; Netherlands). The mean
value of the second and third of three measurements taken at least
2 min apart was used [29]. Total cholesterol was measured with a
standard enzymatic method [30].

Statistical analysis

Further results are based on the analysis of the data of 505 partici-
pants with 250HD readings at t, and MRl at t,. Descriptive statistics
were used to present characteristics of the study population. The
correlation between deseasonalized 250HD at t, and t, was meas-
ured by the Pearson correlation coefficient. Mean deseasonalized
250HD and standard deviation at t, was calculated according to the
regional Fazekas classification. The association between deseason-
alized 250HD at t, and the base-10 logarithm of WMH volume at t,
was evaluated by univariate and multiple linear regression to assess

predictors and their corresponding 95% confidence intervals (95%

Cl), adjusting for age, sex, education, smoking, alcohol consumption,
sports, diabetes mellitus, systolic blood pressure and total choles-
terol. B-estimators were transformed back according to the formula
10P. Using univariate and multiple logistic regression, odds ratios
(ORs) and 95% Cl were calculated to evaluate the association be-
tween deseasonalized 250HD at t, and extent of WHMs at t, ac-
cording to Fazekas (grades 0-1 vs. grades 2-3). If a 95% Cl includes
1, the p value is >0.05 and estimates are not significant. All analyses

were performed using SAS 9.4 (Statistical Analysis System Corp.).

RESULTS

Our study population comprised 505 participants (49% women,
56.2 + 6.6 years). Participants were younger than the 4309 excluded
persons (50% women, 60.0 + 7.8 years), because older persons more
often fulfilled exclusion criteria for MRI. Table 1 shows the charac-
teristics of the study population. For men, there were no changes
in mean vitamin D levels and substitution. For women, mean as-
measured and deseasonalized 250HD decreased from 17.4 + 8.8 to
15.6 = 7.8 ng/ml and 17.1 + 8.1 to 15.9 + 7.3 ng/ml, respectively,

TABLE 1 Characteristics of the study

Time Men Women Total population, n = 505, n (%), mean + SD
n (%) 260 (51) 245 (49) 505 (100)
to Age, years 56.8+6.7 55.6+6.5 56.2+6.6
BMI, kg/m2 27.3+3.7 26.8+4.6 271+41
Education, high 98 (38) 53(22) 151 (30)
Smoking
Current 48 (19) 51(21) 99 (20)
Past 122 (47) 69 (28) 191 (38)
Never 90 (35) 125 (51) 215(43)
Alcohol consumption, 102.7 +128.5 32.7+63.4 68.9 +108.1
g/week
Missing 1 3 4
Sports, yes 174 (67) 155 (63) 329 (65)
Diabetes mellitus, yes 24 (9) 11 (5) 35(7)
Systolic RR, mmHg 134.2+18.6 122.8 +16.7 128.7 +18.6
Total cholesterol, mg/dl 224.6 +35.0 225.1+38.4 224.8 +36.6
250HD, ng/ml 16.5+75 174 +8.8 170+8.2
Deseasonalized 16.7 £ 6.9 171+8.1 16.9+7.5
250HD, ng/ml
Oral vitamin D intake, 2 (1) 6(2) 8(2)
yes
t, 250HD, ng/ml 16.7£7.6 15.6 +7.8 16.1+7.7
Deseasonalized 16.6 + 6.6 159+7.3 16.3+6.9
250HD, ng/ml
Oral vitamin D intake, 2(1) 17 (7) 19 (4)
yes
Volume WMHs, ml 189+ 179 14.1+16.5 16.6 £17.4

Abbreviations: 250HD, 25-hydroxyvitamin D; BMI, body mass index; RR, blood pressure; t,
baseline examination; t,, 10-year follow-up; WMHSs, white matter hyperintensities.
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whilst the percentage of vitamin D intake in women increased from
2% to 7%. The correlation between deseasonalized 250HD at t, and
t, is moderate (Pearson correlation coefficient r = 0.42). Men had a
higher education than women (38% vs. 22%), were less likely to be
non-smokers (35% vs. 51%), consumed more alcohol (103 g/week
vs. 33 g/week), more often reported sports (67% vs. 63%), had more
often diabetes mellitus (9% vs. 5%) and higher mean systolic blood
pressure (134 mmHg vs. 123 mmHg), but had no differences in mean
total cholesterol compared to women. At t, the mean WMH volume
was 16.6 = 17.4 ml with a range of 1-132 ml. Mean WMH volumes
were higher in men than in women (18.9 + 17.9 mlvs. 14.1 + 16.5 ml).

Table 2 shows the allocation of WMHs and mean deseasonalized
250HD at t, according to the regional Fazekas classification at t,.
Most grade 2-3 lesions were found periventricular (39% participants
with grade 2-3 lesions) and in the frontal (32%) and parietal lobe
(31%). In temporal and occipital lobes, grade 2-3 lesions were pres-
ent only in 6% and 3% of the participants, respectively. Mean WMH
volumes stratified by regional Fazekas grading were higher in men
compared to women.

Figure 2 shows a weak but significant inverse association be-
tween WMH volume at t, and deseasonalized 250HD at t, (also see
Table S1). On average, a 250HD increase of 1 ng/ml is associated
with a reduced WMH volume by a factor of 0.99 (95% C1 0.98; 1.00).
The effect is stronger in women than in men (fully adjusted 0.98
[0.97; 0.99] vs. 0.99 [0.98; 1.01]). Additional adjustment for diastolic
blood pressure does not change the estimators.

Figure 3 shows the association between the regional WMH
grades att, according to the Fazekas classification and the deseason-
alized 250HD at t,, (also see Tables S2 and S3). In frontal and parietal
lobes as well as periventricularly, there were weak, non-significant,
inverse associations. An increase in deseasonalized 250HD at t,
by 1 ng/ml results in a 0.98 (0.96; 1.01) times reduced chance of
having periventricular grade 2-3 WMHs, 0.99 (0.97; 1.02) in frontal
and 0.98 (0.95; 1.00) in parietal lobes. Temporal and occipital WMHs
were rare; OR and 95% Cl were not meaningful.

DISCUSSION

In this large population-based German cohort study of middle-aged
and elderly adults, lower baseline 250HD was found to be associ-
ated with a higher extent of WMHSs 10 years later. The association
was stronger in women.

The results of previous studies on this topic are heterogeneous.
The majority of cross-sectional studies found an association be-
tween lower 250HD and a higher extent of WMHs [1-6,31]. Our
own cross-sectional analysis is in line with this; the results will be
published soon. But, there are also cross-sectional studies that
found no association [31-34]. The first large prospective population-
based study by Michos et al. (50% of 1622 participants) showed no
association between 250HD and the extent of WMHSs [7]. Those au-
thors used a different evaluation scale for WMHs. Karakis et al. used
a similar study design to ours, without brain imaging at baseline, and

did not find an association between baseline 250HD and WMHs,
total brain volume or silent cerebral infarction at follow-up, but low
250HD levels were associated with reduced hippocampal volumes.
Participants with low 250HD had worse results in trail-making and
visual organization tests, indicating poorer cognitive and motor func-
tions [8]. The prospective study of Littlejohns et al. used MRI scans
with a follow-up period of 5 years to evaluate changes in WMHs,
ventricular volume and the presence of infarcts. They concluded
that 250HD serum concentration was not associated with the de-
velopment or deterioration of WMHs [9]. Our findings differ from
the results of those previous studies with a longitudinal design [7-9].

What role vitamin D plays in the brain is not yet fully under-
stood. Endogenous 250HD and 1,25-dihydroxyvitamin D (1,25D)
biosynthesis, expression of CYP groups, enzymes to activate and de-
activate vitamin D, vitamin D receptors (VDRs) and protein-disulfide-
isomerase family A members (PDIA3) have been detected in almost
the entire brain [19]. A relatively new theory is that the conventional
endocrine vitamin D concept is not sufficient to describe the cerebral
effects. For some years now, there has been growing evidence that
the active form of vitamin D, 1,25D, is produced locally like an auta-
coid, acts locally and is also inactivated locally. 250HD levels in the
serum are not affected [19]. It is discussed that the brain stores vita-
min D in addition to fatty tissue, skin and muscle tissue [35]. VDRs
have been detected in neuronal cells such as astrocytes, microglia
and neurons [36,37]. The VDR is predominantly found in the nucleus
and forms a complex with 1,25D and the retinoid X receptor. The
complex binds to vitamin D response elements, which are located
on the DNA within the regulatory regions of the target genes. The
complex complements a multitude of chromatin-active coregulatory
complexes and thus enables gene selective transcription of multiple
genes [38]. The PDIA3 expression in the brain is many times greater
than in the kidney [19]. Whilst 1,25D activates genetic actions via
the VDR, PDIA3 activates non-genetic actions in the brain [19]. In a
single human brain, the highest 250HD concentrations were found
in the myelin-rich corpus callosum, followed by the hypothalamus,
middle temporal cortex, medulla, pons, middle frontal cortex, pre-
frontal cortex and cerebellum [39]. A current hypothesis is that the
lipophilic 250HD is stored in the myelin sheaths of microglial cells.
In demyelinating or neurodegenerative processes, 250HD is locally
activated to 1,25D in microglial cells and a complex immunomodula-
tory and neuroprotective process is activated. These processes run
independently from the endocrine vitamin D system [35]. Thus, de-
termining serum levels of 250HD may not be sufficient to measure
cerebral vitamin D status. This might explain why the studies that
analyse the effect of 250HD on the brain come to different results.

Vitamin D appears to have a trophic function in the differentia-
tion and maturation of neurons by controlling the rate of mitosis and
the production and release of neurotrophins [19]. The association
between hypovitaminosis D and WMHs may also be related to the
association between vitamin D and vascular risk [40]. Low vitamin
D makes the brain more sensitive to vascular stress, which may ex-
plain part of the hypovitaminosis D related WMHs [4]. The WMHs
observed in older adults with hypovitaminosis D can probably not
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FIGURE 2 Association between deseasonalized 250HD at t, and WMH volume at t,. LCL, lower confidence limit; UCL, upper confidence
limit. Results of the univariate and multiple linear regression [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Association between classification of WMH at t, according to Fazekas (reference grade 0-1) and deseasonalized 250HD at t,,.
LCL, lower confidence limit; OR, odds ratio; UCL, upper confidence limit. Results of the univariate and multiple logistic regression (sex-stratified
temporal and occipital estimates were only age adjusted due to small numbers) [Colour figure can be viewed at wileyonlinelibrary.com]
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be fully explained by cerebral ischaemic disease of the small vessels,
but also by a loss of subcortical white matter [4]. Low 250HD was
associated with periventricular rather than deep WMHs [4]. There
is an association between vitamin D deficiency and inflammation,
which can lead to brain damage [41,42]. In vitro experiments showed
that vitamin D stimulates the growth of nerve cells and induces the
production of nerve growth factors [43]. All in all the exact patho-
physiological mechanisms that explain why a low vitamin D status
could cause WMHs are not fully understood.

As already mentioned above, neuroimaging studies also found
other associations between low 250HD and brain abnormalities and
were controversial, too. 250HD depletion was associated with lower
total-brain volume [4,44], larger lateral ventricles [4], smaller hippo-
campal volume [8] and thinner cingulate gyri [45]. Higher 250HD
levels were associated with larger grey matter volume [34]. However,
there are also repeated studies in which these associations or parts
of these associations could not be confirmed [34]. Older people with
250HD deficiency were more prone to cognitive and motor disor-
ders than people with sufficient levels [2,4,46,47], but the associ-
ation could not always be established [19,48]. Even persons with
particularly high 250HD values or persons with vitamin D substitu-
tion had poorer cognitive performance [19,49]. The same applies to
dementia [8]. Here again, determining serum 250HD may not always
be sufficient to analyse the effect of vitamin D on the brain.

Care must be taken when comparing studies on WMHSs because
the detection and definition of WMHs differ. Different terms are
used synonymously such as WMHs, leukoaraiosis, vascular demen-
tia, vascular cognitive impairment or subcortical ischaemic vascular
dementia [50]. All terms include hyperintense MRI signals within
the white matter but some of them differ in their clinical prognosis
and eventually in their pathological pathways. An important factor
is the MRI sequence itself because the changes only appear in T2-
and FLAIR-weighted sequences as hyperintensities. In T1-weighted
MRIs and computed tomography scans, they appear hypointense
and are more difficult to distinguish from healthy white matter [50].
In our study, the term WMH was used without referring to a clinical
equivalent but to an unspecific, symmetric change of white matter
signals within MRI scans of an ageing brain [10].

Depending on different current guidelines, a vitamin D deficiency
exists if the serum 250HD level falls below 30 or 20 ng/dl [51-53].
Using these cut-offs, well over 50% of our study population had a vi-
tamin D deficiency [54]. Also 50% or more of the adult European and
US population has a vitamin D deficiency [54-56]. Randomized con-
trolled trials, which should actually show that vitamin D substitution
reduces the disease risk of various diseases, were unfortunately not
promising at all. A number of possible reasons are being discussed:
reverse causality, covariation, undetected long-term effects, hetero-
geneities in populations, different individual responses to vitamin D
supplementation, and the topic of nutrient-synergistic co-nutrients
[35]. Vitamin D deficiency in preclinical studies has been experimen-
tally induced in the brain prior to the changes [57,58], but a scenario
of reverse causality seems likely, as lower brain volume can lead to

loss of autonomy and inadequate dietary intake of vitamin D as well

as insufficient exposure to sunlight, resulting in vitamin D deficiency
[56]. In our study, however, only mobile participants received an MRI
because they had to make a long journey to the examination centre.

The results of our study lead to the following questions with clin-
ical relevance. (i) Does sufficient vitamin D status decrease devel-
opment of WMHSs? (ii) Will vitamin D substitution prevent WMHSs?
Our study shows that there is an association between lower serum
250HD and WMHs, but the effect is very small. Vitamin D is only
one of many factors which lead to decreased neuronal health. Mainly
vitamin D is produced by adequate sun exposure. Whether adequate
sun exposure is sufficient to avoid WMHSs or whether vitamin D sub-
stitution is necessary has to be found out in clinical trials.

The strengths of our study are as follows. Our longitudinally de-
signed study is representative of white Caucasian middle-aged and
elderly adults. Our participants were relatively healthy and showed
no signs of more serious cerebral impairment until the initial exam-
ination, which makes it easier to interpret the effect of vitamin D on
the normally biologically ageing brain. The WMH data were assessed
visually by two independent scientific assistants who were blind to
the participants’ data and also by a quantitative software tool. Our
follow-up period of 10 years was much longer than in most other
studies. Different approaches to deseasonalization are used in the
literature without explaining them in more detail. Often, a distinction
is only made according to the four seasons, which is a very rough ap-
proach. Since vitamin D was measured in a large number of people, it
was even possible to take the calendar week into account. This is par-
ticularly relevant in spring (start of dermal vitamin D production in
our latitudes) and autumn (end of vitamin D production) as the start
and end are not fixed by calendar but depend on the weather [54].

The limitations of our study are that no information about WMHs
was available at t,, so there is no information about progress or
worsening of WMHs. Only relatively healthy participants received
an MR, so no conclusions could be drawn about people with limited
mobility or positive stroke anamnesis. Despite several adjustments,
possible residual confounding cannot be excluded.

CONCLUSIONS

Our population-based study shows that lower baseline 250HD may
be arisk factor for more pronounced WMHs 10 years later, but a weak
one. Our results support the outcome of many cross-sectional studies
but is in contrast to previous longitudinal studies. It is unclear whether
serum 250HD is a suitable marker for central nervous vitamin D
homeostasis. Since only 250HD is used in epidemiological studies,
heterogeneous results are obtained. Further research to understand
the role of vitamin D storage in the human brain is needed. For this
purpose, vitamin D metabolites in the brain must be quantified and
further knowledge is needed about the exact physiological effects of
vitamin D in the brain. With regard to the clinical relevance and substi-
tution of vitamin D, further population-based longitudinal studies with
more than just serum 250HD as a marker for vitamin D status are re-
quired to prove a clear benefit of sufficient vitamin D for brain health.
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