ING'S
OPEN (5 ACCESS College
LONDON

King’s Research Portal

DOI:
10.1016/j.jash.2016.06.038

Document Version
Peer reviewed version

Link to publication record in King's Research Portal

Citation for published version (APA):

Veronese, N., Trevisan, C., Bolzetta, F., De Rui, M., Zambon, S., Musacchio, E., Sartori, L., Stubbs, B.,
Perissinotto, E., Crepaldi, G., Manzato, E., & Sergi, G. (2016). Hypovitaminosis D Predicts the Onset of
Orthostatic Hypotension in Older Adults. ial board Journal of the American Society of Hypertension.
https://doi.org/10.1016/j.jash.2016.06.038

Citing this paper

Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volumel/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.

General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.

*Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
*You may not further distribute the material or use it for any profit-making activity or commercial gain
*You may freely distribute the URL identifying the publication in the Research Portal

Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 14. Oct. 2023


https://doi.org/10.1016/j.jash.2016.06.038
https://kclpure.kcl.ac.uk/portal/en/publications/fb568605-2ba3-496d-a504-c75071c319cb
https://doi.org/10.1016/j.jash.2016.06.038

Accepted Manuscript

Hypovitaminosis D Predicts the Onset of Orthostatic Hypotension in Older Adults

Nicola Veronese, Caterina Trevisan, Francesco Bolzetta, Marina De Rui, Sabina
Zambon, Estella Musacchio, Leonardo Sartori, Brendon Stubbs, Egle Perissinotto,
Gaetano Crepaldi, Enzo Manzato, Giuseppe Sergi

PII: S1933-1711(16)30404-1
DOI: 10.1016/j.jash.2016.06.038
Reference: JASH 937

To appearin:  Journal of the American Society of Hypertension

Received Date: 8 May 2016
Revised Date: 5 June 2016
Accepted Date: 21 June 2016

Please cite this article as: Veronese N, Trevisan C, Bolzetta F, De Rui M, Zambon S, Musacchio E,
Sartori L, Stubbs B, Perissinotto E, Crepaldi G, Manzato E, Sergi G, Hypovitaminosis D Predicts the
Onset of Orthostatic Hypotension in Older Adults, Journal of the American Society of Hypertension
(2016), doi: 10.1016/j.jash.2016.06.038.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jash.2016.06.038

HYPOVITAMINOSISD PREDICTSTHE ONSET OF
ORTHOSTATIC HYPOTENSION IN OLDER ADULTS

Short title: Vitamin D and orthostatic hypotension in the elge

Nicola Verones® Caterina TrevisdhFrancesco BolzeftaMarina De R}, Sabina Zambdtf,
Estella Musacchfp Leonardo Sartdfj Brendon Stubli€ Egle PerissinotfpGaetano CrepalYi

Enzo Manzatd®, Giuseppe Serdi

& Department of Medicine (DIMED), Geriatrics DivisiopUniversity of Padova, Italy.

P National Research Council, Neuroscience Institgglova, Italy.

“Department of Medicine DIMED, Clinica Medica |, Weisity of Padova, Italy.

d Physiotherapy Department, South London and Maydé$l¢S Foundation Trust, Denmark Hill,
London SE5 8AZ, United Kingdom.

®Health Service and Population Research Departrirestitute of Psychiatry, Psychology and
Neuroscience, King's College London, De CrespigarnkPLondon Box SE5 8 AF, United
Kingdom

"Department of Cardiac, Thoracic and Vascular SeisndBiostatistics, Epidemiology and Public

Health Unit, University of Padova, Padova, Italy.

Correspondenceto:
Nicola Veronese, University of Padova, Departmémiledicine - DIMED, Geriatrics Division,
Via Giustiniani 2, 35128 Padova, Italy. Phone: #888P18492; Fax: +390498211218. Email:

ilmannato@tiscali.it; iimannato@gmail.com




Funding sour ce: The data collection phase of the PRO.V.A. studg wupported by the
Fondazione Cassa di Risparmio di Padova e Rovigojdisity of Padova; the Azienda Unita
Locale Socio Sanitaria 15 and 18 of the Veneto &e@nd a grant from the Veneto Regional
Authority (Ricerca Sanitaria Finalizzata n.156/0)e data analysis phase was also financed by a
grant of the University of Padova (Population agimgonomics, health, retirement and the welfare

state - POPA_EHR).

Conflict of interest: none.



ABSTRACT

A number of small cross sectional studies have aetnated that hypovitaminosis D (represented
by low 25 hydroxyvitamin D (250HD) levels) is asgded with orthostatic hypotension (OH). We
investigated if hypovitaminosis D is associatechwiite onset of OH in older adults over a follow-
up of 4.4 years. 250HD was categorized using sekip quartiles; OH was defined as a drop of
<20 mm Hg in systolic o010 mm Hg in diastolic blood pressure <3 minutestahding. Among
1,308 elderly without OH at baseline, using an sidid logistic regression analysis and taking those
with higher baseline serum 250HD as referencegethas a significant increase in the onset of OH
in those with lower serum 250HD levels. The assmmawvas significant only in women when we
stratified by sex. In conclusion, hypovitaminosis ppedicts the onset of OH in older adults,

particularly in women.

Keywords:. vitamin D; orthostatic hypotension; aged.



INTRODUCTION
Orthostatic hypotension (OH) is a common conditiothe elderly. Its prevalence significantly
varies with age reaching approximately 30% in thaped 70 years and oVe®H is traditionally
related to a greater risk of falls, traumas, aadtfires. However, recent research has proposed OH
as a potential cardiovascular risk factor, since$@eims to be able to predict cardiovascular events
and all-cause mortalityy>
A number of studies have demonstrated a possil@daphypovitaminosis D, defined as lower
serum 25-hydroxyvitamin D (250HD) levels, as a pt#d risk factor for vascular diseases,
including hypertension. The association betweentHIB@nd hypertension was recently reported in
a large meta-analysis, showing that increased 25¢@HEentrations were significantly associated
with decreased odds of hypertensiovitamin D receptors are present in endothelidscahd may
have a crucial role in the modulation of vesselariimal modeld. Therefore, it appears possible
that vitamin D could play a role in modulating valse response during orthostatism.
However, data about the role of hypovitaminosissa@ossible risk factor for OH in humans is
predominantly limited to cross-sectional studiéé Altogether, these studies showed a significant
association between hypovitaminosis D and®Of although the number and type of adjustments
seems to be an important factdifo the best of our knowledge, only one study lrasgectively
assessed the association between hypovitaminosisl@H* The authors found that
hypovitaminosis D predicts the onset of OH at feHop, but had various limitations, in particular
the small sample size (n=51) and the short foll@rduyear) which limits the conclusions of these
findings*
We therefore aimed to investigate the associateiwéen hypovitaminosis D and the onset of OH
in a large representative cohort of older men aachen over a mean follow-up of 4.4 years. We

hypothesized that low serum 250HD would predictahset of OH at the follow-up.



METHODS
Data source and subjects
This work is based on data of tReogetto Veneto Anziani (Pro.V.A.) study, an observational cohort
study of all community-dwelling subjects age®b residing in Camposampiero and Rovigo (two
towns in northern Italy surrounded by rural andustdial areas) without using any specific
exclusion criterid® The baseline visit was made between October 1883Navember 1997.
The follow-up evaluation was scheduled to occuf wars after baseline. The follow-up period
was in mean 4.4, censoring the data after 6 yeans baseline evaluation.
The local ethical committees of Padova Universitgt the Local Health Units (USSL) n. 15 and n.
18 of the Veneto Region approved the study protaad participants gave their written informed

consent.

Clinical data

Participants were examined at city hospitals bynée physicians and nurses. Regular physical
activity was defined as4 h/week (i.e., the upper half of the median sylithe entire sample) in the
previous month of at least moderate physical dgtilarisk walking, cycling, gardening, dancing,
or physical exercise). Smoking status was classdg“current” vs. “former (for at least 1 year in
the past)/never”. Heavy alcohol drinkers were definsing the criteria suggested by the National
Institute of Alcohol Abuse and Alcoholism, i.e., rmdhan 15 drinks weekly for men and 8 for
women'® Living alone was categorized as “yes” vs. “no”.

We collected the following anthropometric paramstéeight (measured or estimated from knee-
height, when this proxy indicator was more accyrateight, body mass index (BMI; in kgfin
Functional status and social independence werasssseising the Activities of Daily Living (ADL)
and Instrumental Activities of Daily Living (IADLY 8 Cognitive function was assessed using 30

items mini-mental state examination (MMSE).
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Participants’ clinical status and comorbidities &ewaluated by board-certified physicians through
standardized questionnaires considering anamraetia; self-reported symptoms, medical and
hospital records, and results from blood tests@mn@ical examination. For the purpose of our
study, the following diseases were assessed: hisfdrypoacusis, hypovisus, diabetes mellitus,
cardiovascular diseases (CVD), hip fracture andazsthritis, and hypertensidfiDiabetes was
defined as fasting plasma glucose le¥él® nmol/L, HbA1c>6.5%, the use of glucose-lowering
drugs, or a history of a 2h post-load gluce$é.1 nmol/L?° As CVD we considered the presence
of one of the following: congestive heart failuagigina requiring a stent, angioplasty or
hospitalization; myocardial infarction; and strokiypertension was defined as the presence of
systolic BP>140 mm Hg, diastolic BE80 mm Hg, or current use of antihypertensive
medications’ Both at the baseline and at the follow-up, the fitigs performing the physical
examination diagnosed any disease using all thequgly-listed measures. A specialist in the field
(e.g. a cardiologist for CVD) confirmed any disepsesence using a standardized algorithm

considering all the medical information collectedeach participant.

Laboratory tests

A venous blood sample was obtained after an ovietiégt for biochemical tests, which were
performed at the central laboratory of Padova hakpsing standard and quality-controlled
procedures. Renal function was assessed usingtingated glomerular filtration rate (eGFR) with
the Modified Diet in Renal Disease formula. Sermtact parathormone (PTH) levels were
measured using a 2-site immunoradiometric assap¢NPTHSP; DiaSorin): the intra-assay and
interassay coefficients of variation (CVs) for ghcamone were 3.0% and 5.5%, respectively.

Season of blood collection was defined as winf@ing, summer, or autumn.



Definition of risk categories

Serum 250HD levels were measured by radioimmungd8da kit; DiaSorin). The intra-assay
and inter-assay CVs for 250HD were 8.1% and 10r2%pectively. In this work, we divided the
sample using gender-specific quartiles, takinguastfs for men 69, 101 and 142 nmol/L and for

women 42, 64, and 92 nmol/L, respectively.

Definition of outcome (orthostatic hypotension)

Every blood pressure measurement was taken bynadraurse. The cuff was chosen based on this
circumference among little (<24 cm), normal (24€8®, and big (33—41 cm) size. Clinostatic
blood pressure was measured in both arms 3 tintes3@isecond intervals between them with a
mercury sphygmomanometer (Erkameter 300). Partitgpaere in the lying position, and the mean
value was taken for reference. Orthostatic blo@$gure was then measured after 1 and 3 minutes
of standing. According to the guidelines of the semsus committee of the American Autonomic
Society and the American Academy of Neurology, astatic hypotension was defined as a drop of
<20 mm Hg in systolic blood pressure,<d'0 mm Hg in diastolic blood pressure within 3 nesu

of standing ug?

Statistical analyses

To generalize the Pro.V.A. sample to the populasiblarge in the two geographical areas
considered, a set of weights was defined accortitige sex and age distribution of the reference
population (1991 Census, Italy), and to the sarfralgion. For continuous variables, normal
distributions were tested using the Shapiro-Wilt.t€articipants’ characteristics were summarized
using means (x standard deviations, SD) for cootiswariables, and percentages for categorical
variables among baseline serum 250HD quartiles.ahgkegender adjustgevalues were

calculated for continuous variables using a gerdegraar model (GLM) applying the Bonferroni’s

correction, while for categorical variables logistegression was applied.
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The proportional hazards assumption was checkealdiyng the Schoenfeld residuals versus time.
However, since this test showed a p<0.0001, atiogisgression analysis instead of Cox’s
proportional hazard models was used to assesssloeiations between baseline 250HD levels and
incident OH. Factors known to be associated witbi2b and/or OH were considered for inclusion
in the analysis. The covariates included in thalfmodel were: i) statistically significantly
different (p<0.05) between participants having <g,74 and >75 nmol/L at the multivariable; ii)
having a p-value<0.10 in the respective univariaolalyses. Collinearity among covariates was
estimated with the variance inflation factor (VIing a value of2 as an exclusion criterion.
Although serum PTH levels were collinear with 250ADF=5.82), we included this parameter
since it seems that high PTH levels play a rolénépathogenesis of CVE.
In our primary analyses, adjusted odds ratios (@Rd)95% confidence intervals (Cls) were used
to compare the onset of new cases of OH, usindibakbOHD quatrtiles as the key independent
explanatory variable in the sample as whole andrdatg to gender. P values for trend were
calculated using the Wald test based on a scoletiét median value of each serum 250HD group.
All analyses were performed using the SPSS 21.Wiodows (SPSS Inc., Chicago, lllinois). All
statistical tests were two-tailed and statistiggthificance was set at p-valg®.05. We used

Bonferroni-correction (with alpha=0.05/3, i.e., p&07).



RESULTS
Flow-chart of study flow
Figure 1 shows the flowchart of study participants usedhiwibur analysis.. By comparison with
the sample completing the follow-up, those who gespout were significantly older, more
frequently men, and they had significantly lowetuse 250HD levels and OH at the baseline

(p<0.0001 for all comparisons).

Baseline characteristics

The sample consisted of 1308 community-dwellingeidsubjects. The mean age of the sample
was 70.0£5.8 [range: 65-93] years, 59.7% were wonidre mean baseline 250HD was
significantly higher in men than in women (114.186%s. 72.8+41.4 nmol/lp<0.0001).

Table 1 shows the characteristics of the sample accotdihgseline serum 250HD values. Those
with hypovitaminosis D (<69 nmol/L in men and <4®al/L in women) were significantly older
than other groups (p<0.0001). After adjusting foe and sex, they were more obese, less previous
smokers and heavy alcohol drinkers, more sedeatatydisabled than those with higher 250HD
levels Table 1).

Regarding medical conditions, the participants wigpovitaminosis D showed a significant higher
presence of comorbidities (except for diabetesyseoenal function and they took a higher number
of drugs, including anti-hypertensives, than otbemnticipants Table 1).

Finally, participants with hypovitaminosis D madhe tlood collection more frequently in

winter/autumn than other participanisable 1).

Follow-up analyses
During follow-up period, we identified 463 (111 Wi& significant fall in BP at the*iminute and

220 at both T and & minutes) new cases of OH (201 M and 262 F) wigiohal incidence rate of
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77 (95%CI: 55-89) per 1000 persons-year. Those @ithat the follow-up had significant lower
serum 250HD concentrations than those without ¢Bb® vs. 86.5+52.3 nmol/L, p<0.0001).
As shown inTable 2, there was a significant trend in incidence of new cases of OH (Q1: 85;
95%CI: 7889 vs. Q4: 70; 95%CI: 55-82 persons per years/1000).
Using a logistic regression analysis and taking¢hwith baseline serum 250HD grouped in Q4 as
reference, after adjusting for potential confousdérere was a significant increase in the onset of
OH in Q2 (OR=1.17; 95%CI: 1.05-1.30, p=0.02and in Q1 (OR=1.18; 95%CI: 1.06-1.31, p=0.001)
(p for trend=0.01).
In men, the association between baseline 250HOndnset of OH was not significant (p for
trend=0.35), while in women this association wasisicant (Q3: OR=1.32, 95%CI: 1.15-1.52,
p<0.0001; Q2: OR=1.39, 95%CI: 1.21-1.60, p<0.00Q1: OR=1.36, 95%CI: 1.17-1.58, p<0.0001)

(p for trend<0.0001)Table 2).
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DISCUSSION
The current prospective cohort study found a sigamt association between low baseline 250HD
concentrations and the onset of new orthostatioteyysion events over 4.4 years of follow-up in a
representative cohort of older men and women. fidd&ionship seems to be significant only in
women. Our results shed new light on the longrtabrelationship between low 250HD and OH
and is to our knowledge the first representativgdacale cohort study considering this important

guestion.

In vitro and animal research has proposed sevepdheations for the association between 250HD
and OH. First, vitamin D could be important for gmeliferation and growth of cultured vascular
smooth muscle cells necessary for a good compliahttee arteried? Ni et al. have demonstrated

in an animal model that the elimination of the mta D receptor from endothelial cells
corresponded to a reduced arterial complidridereover, it seems that the active form of vitamin
D could activate p38 mitogen-activated protein &mand phosphatidylinositol kind3ewhich
induces oxidative stress and consequently a staldisintegration and stiffening of the arterial
wall.?® Altogether these findings suggest that low vitaBitevels could play a role in reducing
compliance in arteries making difficult the adajatduring standing up. Second, some research
have shown that hypovitaminosis D could be assediaith a dysfunction of the baroreflex neural
arc (i.e. there is loss of buffering ability, an@lesexcursions of pressure and heart rate) leading
an inappropriate adaptive response to standirf§ Ufiamin D metabolites regulate the genetic
expression of neurotrophins (nerve growth factar m@urotransmitters) with a consequent
reduction in appropriate compensatory mechanismiagistanding ug’?® Third, another
explanation relies on the fact that hypovitamin@isould be involved in increasing blood pressure
levels which may result in the prescription of Bgfiertensive drugs and consequent greater risk of
iatrogenic OH® In agreement with this hypothesis, within our gtutiose with hypovitaminosis D

at the baseline had a higher presence of hypeoteasid more frequently used anti-hypertensive
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medications. However, the use of anti-hypertensieéications and hypertension were used as
covariates in our analyses, not altering the sicguifce of the association and making this
assumption less reliable.

Another possible explanation is that the groupastipipants with the highest 250HD values (and
lowest incidence of OH at follow-up) had lower BMigher physical activity and lower frequency
of antihypertensive drugs usage compared to ther @OHD categories, suggesting that the
participants with higher 250HD concentrations agelthier and so less prone to the onset of OH.
Activation of the muscle venous pump of the legsigse effective in leaner than obese people and
it could be considered as a ‘second heart’ capafiti@nslocating blood against a substantial

pressure gradient with a consequent less preséi@d.c°

Considering the literature in human studies, very duthors have reported an association between
hypovitaminosis D and OB Altogether these studies suggested that partitspaith OH had
significantly lower serum 250HD levels and thatathe correction for potential confounders the
association remain significant, although the nunamet kind of covariates included seem to be
important to explain this associatitfWhilst helpful, the cross-sectional design presemty
consideration of the directionality of this obseatvelationship. Indeed reverse causation is also
possible, i.e. that OH causes limitation in phylsicavement, loss of independence with subsequent
reduced sun exposure and hypovitaminosis D asult.rége attempted to address concerns
regarding the directionality of the relationshiglarverse causality by conducting a longitudinal
study in which those with pre-existing OH were exidd. To the best of our knowledge, only one
previous longitudinal study reported that hypovitamsis D at the baseline predicts the onset of OH
at follow-up in 51 participants followed for oneayebeing in agreement with our findins.

Clearly, the lack of generalizability and shortation of follow up preclude any meaningful
conclusion from this study. On the contrary, orfi&TRhas demonstrated no improvement in OH

after oral vitamin D supplementatidhDespite its limitations, the findings of this triasulted in
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agreement with a recent large meta-analysis abeuatk of effects of vitamin D supplementation
on blood pressuré strengthening the need for more research abautd@roperly improve
vitamin D status in humarid and that probably larger high quality RCTs aredeekfor advising or

not the use of vitamin D supplementation in pe@flected by OH.

Our results were more evident in women than in maggesting important gender differences that
are also present considering the mean 250HD les#lsough, the precise reason of this difference
is not known, we could hypothesize that OH was tkggnosed in women than in men according,
with the findings of a large meta-analysis showtimat women had a greater cardiovascular risk
than meri* These differences may be explained by potentitdrénces in diagnosis of CVD and
cardiovascular risk factors, including OH. In seléiestern countries, in fact, men with at higher
risk of CVD were diagnosed earlier than wonfefherefore, it is possible that also women with
hypovitaminosis D at the baseline were less folldwp than men increasing the risk of OH during
follow-up. Another explanation could be a lack ofyer of our analysis for men, since these
analyses included about a third of the total woniare the preliminary nature of our findings,

future representative longitudinal studies are edddr clarifying these differences.

Whilst the study has numerous strengths, the fgglof this study should be interpreted within its
limitations. The first is that we did not asses®BD concentrations at the follow-up, being not
able to account for the inherent changes of thikaraAlthough literature suggests that serum
250HD did not change between evaluatidns possible bias should be taken in account. $£@on
possible selection bias could be possible sincg bBI08 participants among the 3,099 initially
included in the PRO.V.A. study were included irstburvey. However, since 30% were excluded
having a diagnosis of OH at the baseline, our figdishowed how frequent is this condition. This
is indirectly confirmed by our longitudinal findisgshowing that almost 40% of the participants

initially included had a diagnosis of OH duringlé/-up period. In this scenario, it should be noted
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that a consistent part (about 25% of the partidgpaaving OH at follow-up) reported this condition
for a fall in BP at 1 minute only, indicating a less severe disease oitagr participants having OH.
A third limitation lies in that we only measuredharstatic hemodynamic parameters at 1 and 3
minutes, whereas many cases of orthostatic hypotenspeople aged >65 years are known to
develop later oi”* Finally, another limitation could be considered tklatively short follow-up

period of observation.

In conclusion, hypovitaminosis D predicts the ordedrthostatic hypotension, independently of
potential confounders, in a large representativedoof older men and women. Well-designed

trials including an adequate proportion of olddsjeats are mandatory to confirm our findings.
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FIGURE LEGENDS

Figure 1. Flow chart of the PRO.V.A. study



Table 1. Basdline characteristics of the 1308 subjectsincluded in the sample

250HD levels p per trend
Variable Q1 Q2 Q3 Q4 e
<69 nmol/L (M) 70-101 nmol/L (M) 102-142 nmol/L (M)  >142 nmol/L (M)
<42 nmol/L (F) 43-64 nmol/L (F) 65-92 nmol/L (F) > 92 nmol/L (F)
Age (years) 73.8 (6.5) 72.4 (5.7) 71.4 (5.3) 70.8 (5.1) <0.0001
Sex (females, %) 60.3 58.4 58.8 61.4 0.58
Anthropometric and demographic data
BMI (kg/m?) 28.3 (4.5) 28.0 (5.0) 28.0 (4.4) 27.9 (4.2) 0.004
Current smokers (%) 10.4 10.7 10.2 9.3 0.24
Former smokers (%) 28.8 31.8 33.2 32.0 0.001
Heavy drinkers (%) 10.5 13.0 18.3 15.2 <0.0001
Physical activity (> 4 h/week,% ) 23.3 27.9 28.2 30.2 <0.0001
Living alone (%) 21.1 13.8 17.0 17.8 <0.0001
ADL score 5.4 (1.0) 5.5(0.9) 5.6 (0.8) 5.6 (0.7) <0.0001
|ADL score 6.4 (1.6) 6.8 (1.4) 7.0 (1.3) 7.0 (1.1) <0.0001
MM SE score 25.2 (4.4) 25.1 (3.7) 25.7 (3.8) 25.6 (3.6) <0.0001
Medical conditions
Diabetes (%) 13.8 13.4 13.3 15.5 0.02
Hypertension (%) 70.0 75.1 68.2 70.7 <0.0001
CVD (%) 17.4 15.8 12.1 14.8 <0.0001



Hypovisus (%) 38.7 31.9 31.6 26.2 <0.0001
Hypoacusis (%) 67.7 64.2 69.7 67.1 <0.0001
Hip fractures (%) 3.0 19 2.9 1.9 <0.0001
Hip osteoarthritis (%) 22.9 25.3 23.2 19.3 <0.0001
Number of medicaments 3.6 (1.8) 3.4 (1.7) 3.4 (1.7) 3.3(1.7) <0.0001
Use of vitamin D supplements (%) 1.9 0.8 1.1 0.8 <0.0001
Use of calcium supplements (%) 2.9 2.2 2.2 15 0.001
Use of antidepressivedrugs (%) 4.4 4.8 6.3 2.2 <0.0001
Use of ACE inhibitors (%) 26.8 24.6 22.7 21.4 <0.0001
Use of diuretics (%) 32.3 30.5 27.0 24.4 <0.0001
Use of g-Blockers (%) 4.6 55 5.5 6.7 0.07
Use of Calcium channel blockers (%) 17.2 18.2 17.2 15.7 0.003
Use of central anti-hypertensives (%) 3.1 3.1 3.7 2.4 0.02
Use of vasodilators (%) 7.7 6.5 7.1 6.6 0.08
Use of nitrates (%) 6.5 5.5 4.9 2.1 <0.0001
Use of anti-hypertensive drugs (%) 71.0 70.1 66.3 68.6 <0.0001
Biochemical measures (serum)
25(OH)D levels (nmol/l) 36.6 (16.0) 66.6 (17.8) 94.3 (23.1) 151.8 (56.1) .0801
PTH (ng/l) 43.7 (29.1) 39.5(18.4) 34.5 (16.2) 33.3(28.1) 0801
eGFR (ml/min) 72.2 (21.0) 73.9 (18.2) 71.9 (17.5) 76.5 (17.8) 0801
Winter (%) 25.7 26.1 23.5 37.3 <0.0001
Spring (%) 30.4 23.8 20.3 19.2
Summer (%) 9.6 12.3 12.8 4.1



Autumn (%) 34.2 37.7 43.5 39.4

" Unless otherwise specified, p values are adjustedlge and gender using a general linear modelistic regression, as appropriate.

" Not adjusted for age or gender, respectively.

Numbers are mean values (+standard deviationsjrmber and percentages (%), as appropriate.

Abbreviations: BMI: body mass index; ADL: activities of daily livg; IADL: instrumental activities of daily living250HD: 25-hydroxivitamin D;

PTH: parathormone; CVD: cardiovascular disease§Re@stimated glomerular filtration rate.



Table2. Associations between serum 25-hydroxyvitamin D concentrations (categorized in sex specific quartiles) and incident orthostatic

hypotension in 1308 participants of the PRO.V.A. study.

Q4 Q3 Q2 Q1
>142 nmol/L (M)  102-142 nmol/L (M)  70-101 nmol/L (M) <69 nmol/L (M) p for trend
> 92 nmol/L (F) 65-92 nmol/L (F) 43-64 nmol/L (F) <42 nmol/L (F)
Incidence parameters All sample (n=1308)
Number of cases 112 114 114 123 -
Total number 330 334 318 326 -
Incidence rate (/1000 persons year)
70 (55-82) 70 (66-74) 79 (77-80) 85 (78-89) <0.0001
(95%Cl)
Oddsratio
Unadjusted 1 1.10 (1.00-1.21) 1.28 (1.16-1.41) 7 11324-1.50) <0.0001
Age- and sex-adjusted model 1 1.18 (1.07-1.29) 2-1.36) 1.28 (1.16-1.41) <0.0001
Fully-adjusted modél 1 1.09 (0.99-1.21) 1.17 (1.05-1.30) 1.18 (1.06)1.3 0.01
Incidence parameters Men (n=522)
Number of cases 51 45 50 55 -
Total number 132 129 131 130 -
Incidence rate (/1000 persons year)
81 (80-82) 73 (72-74) 80 (79-81) 88 (86-89) 0.01
(95%Cl)
Oddsratio
Unadjusted 1 0.89 (0.77-1.03) 1.06 (0.92-1.23) 410198-1.32) 0.01
Age- and sex-adjusted model 1 0.89 (0.77-1.03) (0®D-1.20) 1.08 (0.93-1.26) 0.08



Fully-adjusted modél 1 0.90 (0.76-1.06) 1.02 (0.86-1.20) 1.04 (0.8B).2 0.35

Incidence parameters Women (n=786)
Number of cases 56 62 71 73 -
Total number 200 197 194 195 -
Incidence rate (/1000 persons year) «
64 (55-74) 66 (65-67) 78 (77-80) 78 (77-79) <0.0001
(95%Cl)
Oddsratio
Unadjusted 1 1.27 (1.12-1.44) 1.45 (1.28-1.64) 511537-1.76) <0.0001
Age- and sex-adjusted model 1 1.26 (1.11-1.43) 145-1.61) 1.50 (1.31-1.70) <0.0001
Fully-adjusted modél 1 1.32 (1.15-1.52) 1.39 (1.21-1.60) 1.36 (1.1B)L.5 <0.0001
Notes:

"Adjusted for age.

Unless otherwise specified, data are presenteddsratios and 95% confidence intervals.

T Fully-adjusted model: age, body mass index, aaiwviof daily living, instrumental activities of diaiiving, Mini-Mental State Examination score,
number of medications, serum levels of parathormoreatinine, bone alkaline phosphatases (all aBre@us variables); sex (males vs. females);
physical activity level X 4 vs. < 4 h/week); smoking habits (current vs.anéarmer); baseline heavy alcohol drinking, digsethypertension,
cardiovascular diseases, hip fracture and ostadatinypovisus, hypoacusis, use of anti-hypertamsirugs, vitamin D supplementation, calcium
supplementation (all as yes vs. no); hypertensiofollow-up (yes/no); season of blood collectiontla baseline (winter, autumn, spring and

summer).



Patients enrolled in the Pro.V.A. study: 3099

Participants with orthostatic hypotension at baseline: 933
No 250HD measurement: 118
> Deaths: 388
Lost at follow-up: 258
No orthostatic hypotension measurement at follow-up: 94

A 4

Patients included in the present study: 1308




Several cross sectiona studies demonstrated that hypovitaminosis D is associated with OH.
Our longitudina study confirms that hypovitaminosis D could be considered as risk factor for

OH.

The association was significant only in women.



