
doi: 10.1111/j.1365-2796.2010.02309.x

Confirmed hypertension and plasma 25(OH)D concentrations
amongst elderly men
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Objectives. The results of experimental studies suggest
that vitamin D deficiency activates the renin–angio-
tensin system and predisposes to hypertension. Re-
sults of previous epidemiological studies investigat-
ing the association between 25-hydroxyvitamin D
[25(OH)D] status and hypertension have not been
consistent, perhaps because of their sole reliance on
office blood pressure (BP) measurements leading to
some misclassification of hypertension status. No
previous studies have examined the association
between 25(OH)D status and confirmed hyper-
tension assessed with both office and 24-h BP
measurements.

Design. In this cross-sectional study, we investigated
833 Caucasian men, aged 71 ± 0.6 years, to deter-
mine the association between plasma 25(OH)D con-
centrations, measured with high-pressure liquid
chromatography mass spectrometry, and the preva-
lenceofhypertension.Weusedbothsupineofficeand
24-h BP measurements for classifying participants
as normotensive or confirmed hypertensive; par-
ticipants with inconsistent classifications were
excluded.

Results. In a multivariable adjusted logistic regression
model, men with 25(OH)D concentrations <37.5
nmol L)1 had a 3-fold higher prevalence of confirmed
hypertensioncompared to thosewith‡37.5 nmol L)1

25(OH)D (odds ratio = 3.3,95%CI: 1.0–11.0).

Conclusions.Our results show that lowplasma25(OH)D
concentration is associated with a higher prevalence
ofconfirmedhypertension.

Keywords: 25-hydroxyvitaminDconcentrations, blood
pressure,confirmedhypertension,vitaminD.

Introduction

Hypertension isoneof themost importantrisk factors
for cardiovascular disease, which is the major cause
of morbidity andmortality worldwide [1, 2]. Over the
last decade, accumulating evidence has indicated
that the concentration of 25-hydroxyvitamin D
[25(OH)D] in the blood is inversely associated with
blood pressure (BP) [3].With regard to theunderlying
mechanisms of this association, clinical studies have
shown that 25(OH)D suppresses the activity of the
hormone renin, which in high concentrations can

cause raised BP [4, 5]. Other potential mechanisms
couldbe related to the effects of vitaminDon the cells
of the vessel wall. These cells express the vitamin D
receptor as well as 1a-hydroxylase, which converts
25(OH)D into theactive form [6].

The majority of previous studies presented only cor-
relations between plasma 25(OH)D concentration
(which regulates the active compound 1,25-dihydr-
oxycholecalciferol (1,25(OH)2D) [7]) and office BP
measurements [4, 8–16], with the exception of one
study that used the more reliable measurement of
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24-h BP [17]. Analytical epidemiological studies
investigating associations between 25(OH)D concen-
trations and hypertension status also used office BP
measurements [18–29]. Ambulatory measurements
of BP over a 24-h period offer more precise informa-
tion to classify subjects into a hypertensive or nor-
motensive group than can be obtained from a con-
ventional office BP assessment [30–32]. Indeed,
previous studies have established that 24-hBPmea-
surements are a more powerful predictor of cardio-
vascular morbidity and mortality than office BP,
independent of other established cardiovascular risk
factors [33, 34]. No previous studies have reported
the association between 25(OH)D status and con-
firmed hypertension assessed by a combination of
office and 24-hBPmeasurements. Use of this combi-
nation of BPmeasurements allows hypertension sta-
tus to be assessed with a much higher degree of
accuracy [33, 35–37].

The aim of this cross-sectional study was to investi-
gate the relation between plasma 25(OH)D concen-
trationand theprevalence of confirmedhypertension
in a community-based sample of elderly Caucasian
men. We measured 25(OH)D concentration using
high-pressure liquid chromatography (HPLC) mass
spectrometry (MS),which isconsidered thegoldstan-
dardmethod [38, 39].Weusedboth supine office and
24-h BP measurements for classifying participants
asnormotensive orhypertensive.Onlymenwhowere
consistently classified into one of the two categories
according to the two BP assessments were included
inanalyses.

Material and methods

Study population

The study population was a subgroup of the ongo-
ing community-based Uppsala Longitudinal Study
of Adult Men (ULSAM), which was initiated in 1970
and originally included 2322men. At the time of ini-
tiation, all 50-year-old men who were born between
1920 and 1924 and living in Uppsala, central Swe-
den, were invited to participate (for details, see
http://www.pubcare.uu.se/ULSAM). There was an
82% response rate for the original cohort that fo-
cused on identifying metabolic risk factors for car-
diovascular disease. The cohort was reinvestigated
21 years later (1991–1995). During the 21-year per-
iod, 422 men died and 219 moved out of the Upp-
sala region. Of the 1681 men invited, 1221 (73%)
participated in this follow-up study (1991–1995).
Men not participating in the follow-up did not vary

from those who did with regard to body mass index
(BMI) at age 50 (25.1 vs. 24.8 kg m)2, respectively,
P = 0.11).

Ethics

All participants provided written informed consent
and the Ethics Committee of Uppsala University ap-
provedthestudy.

Measurements

Systolic (SBP) and diastolic blood pressure (DBP) (of-
fice BP) were measured twice in the right arm with
the subject in the supine position after a period of
rest of at least 10 min using a calibrated mercury
sphygmomanometer to the nearest mmHg, and the
average of the two recordings was used. SBP and
DBP were defined as Korotkoff phases I and V,
respectively.

Twenty-four-hour ambulatory SBP and DBP (24-h
BP) were recorded using Accutracker II equipment
(SunTech Medical Instruments Inc, Raleigh, NC,
USA). The device was attached to the participant’s
nondominant armby a skilled laboratory technician.
BP was recorded every 20 or 30 min between 6 AM
and 11 PM and every 20 or 60 min between 11 PM
and 6 AM as previously described [40]. Arterial
hypertension was defined as SBP >140 mmHg an-
d ⁄or DBP >90 mmHg using office BP measurements
[28, 41] and as SBP >130 mmHg and ⁄or DBP
>85 mmHg using 24-h BP measurements [42]. Par-
ticipants who were taking anti-hypertensive medica-
tionwereclassifiedashypertensive.

Plasma 25(OH)D (D2 and D3) was determined with
HPLC atmospheric pressure chemical ionization
(APCI)MSatVitas (Oslo, Norway; http://www.vitas.-
no). HPLC was performed with an HP 1100 liquid
chromatograph (Agilent Technologies, Palo Alto CA,
USA) interfaced byAPCI to anHPMSoperated in sin-
gle-ionmonitoringmode. Thismethodhas a recovery
rate of 95%, is linear from 5 to 400 nmol L)1 and the
limit of detection is 1–4 nmol L)1. The reported inter-
assay coefficients of variation (CV) for this method
were 7.6% at an 25(OH)D concentration of
47.8 nmol L)1 and6.9%at 83.0 nmol L)1. The assay
is accredited by the Vitamin D External Quality
Assessment Scheme (DEQAS). Samples for 25(OH)D
analysis had been stored at)70�C for up to 15 years;
25(OH)D is stable in stored frozen plasma [43]. The
following clinical tests were carried out directly after
blood collection. Calcium in serum (S-calcium) was
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measured using spectrophotometry and a complexo-
metricmethodwitho-cresol-ftalein;CV = 1.6%at the
2.43 mmol L)1 level (reference 2.20–2.60 mmol L)1).
Serum phosphate (S-phosphate) was measured
using spectrophotometry and a complexometric
methodwith ammoniummolybdenum; CV = 1.9%at
the 1.84 mmol L)1 level (reference 0.74–1.54 mmol
L)1). Creatinine in serum (S-creatinine) was mea-
suredwith spectrophotometry using Jaffe’s reaction;
CV = 2.1% at the 147 lmol L)1 level (reference 60–
106 lmol L)1). Serum uric acid (S-uric acid) was
measuredbyspectrophotometry. Theuric acid is oxi-
dized by uricase to peroxide which in turn generates
quinonamine, which is measured at 546 nm;
CV = 3.8% at the 427 lmol L)1 level (reference for
men 160–450 lmol L)1). S-calcium, S-phosphate,
S-creatinine and S-uric acid were measured with a
Hitachi 717 or 911 analyser (Japan) using reagents
fromBoehringerMannheim.

Data regarding ongoingmedical treatment and social
characteristics were collected with a self-adminis-
tered questionnaire. Leisure time physical activity
was estimated using four questions. Based on these
questions, participants were divided into four differ-
entphysical activity categories: sedentary,moderate,
regular and athletic, as described and validated pre-
viously [44]. Alcohol intake was assessed in grams
per day [45] and body weight was measured to the
nearest 0.1 kg and height to the nearest whole centi-
metre. BMI was calculated as weight divided by
height squared. Information on smoking habits was
retrieved from detailed interview reports, and smok-
ingstatuswascategorizedas current, formerornever
smoker.

Of the 1221men participating in the 1991–1995 fol-
low-up investigation, 1011 had valid measurements
of plasma 25(OH)D concentration, supine office BP
and ambulatory 24-h BP and information on BMI,
physical activity and alcohol consumption. Office BP
and 24-h BP were used to classify men into normo-
tensive and confirmed hypertensive categories. Men
whose hypertension status was not consistent be-
tween the two measurement methods were excluded
(n = 178), thus a total of 833 subjects were included
intheanalysis.

Statistical analyses

Unconditional logistic regression was used to esti-
mate odds ratios (ORs)with95%confidence intervals
(CIs) for theassociationbetween25(OH)Dconcentra-
tionsandconfirmedhypertension.

First,wecompared twocategoriesofplasma25(OH)D
concentrations: <37.5 and ‡37.5 nmol L)1. Then,
plasma 25(OH)D concentrations were divided into
five categories according to cut-offs used in previous
studies: <37.5, 37.5–49.9, 50.0–74.9, 75.0–100.0
and >100.0 nmol L)1 (concentration in nmol L)1 di-
vided by 2.496 equals concentration in ng mL)1) [46,
47]. The largest group (50.0–74.9 nmol L)1), repre-
senting 49%of the study population,was used as the
referencegroup.

We did not adjust for age because all participants
were almost the same age (±0.6). A multivariable
model was adjusted for BMI (continuous), physical
activity (fourcategories) andalcohol intake (fourcate-
gories, g d)1); all of these factors are associated with
BP [48] and with 25(OH)D status [14, 49, 50]. We ad-
justed for month of blood collection (12 categories,
continuous) to take into account seasonal variability
in25(OH)Dconcentration. Inanadditionalmultivari-
able model, we further adjusted for S-calcium, S-
phosphate, S-creatinine and S-uric acid (all continu-
ous) to take intoaccount renal function that isassoci-
ated with BP and 25(OH)D through the renin–angio-
tensin system (RAS). Of all these variables, only
alcohol intake indicated deviation from a linear
pattern.

AP-value fornonlinearitywasobtainedbyfitting a re-
stricted cubic spline model with three knots at fixed
percentiles (10%, 50%, 90%) and testing whether the
coefficientof thecubicspline isequal to zero.

Two-tailed significance values of P < 0.05 were re-
garded as statistically significant. All analyses were
performed using sas statistical software, version 9.2
(SAS institute Inc.,Cary,NC,USA).

Results

The characteristics of the study participants, classi-
fied as normotensive and confirmed hypertensive,
are shown in Table 1. The study population was
investigated at 70 years of age (range 69.5–74.1).
Plasma 25(OH)D concentrations were on average 3%
lower in the participants with confirmed hyperten-
sioncompared to thenormotensive group.Thepreva-
lence of low 25(OH)D concentrations (<37.5 nmol
L)1) was 2.5 times higher in the confirmed hyperten-
sive group than in the normotensive group. Mean
BMI and alcohol intake were also higher in the con-
firmed hypertensive group than in the normotensive
group. BMI (but no other variables) was statistically
significantlydifferent in the twogroups (P < 0.0001).
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Theassociationbetweenplasma25(OH)Dconcentra-
tionandhypertension isshown inTable2.Menwitha
25(OH)D concentration <37.5 nmol L)1 had a 3-fold
higher prevalence of hypertension compared to those
with a concentration ‡37.5 nmol L)1. This 3-fold
higher prevalence remained in the multivariable
model adjusted for BMI, physical activity, alcohol in-
take and month of blood collection (Table 2), as well
as forclinical factors (S-calcium,S-phosphate,S-cre-
atinineandS-uricacid) (OR = 2.9,95%CI:0.9–10.0).
Further adjustment for smoking did not change the
OR.

In a multivariable model based on the five categories
of25(OH)Dconcentration (Table2),menwith the low-
est 25(OH)D concentrations (<37.5 nmol L)1) had an
OR of 3.2 (95% CI: 1.0–11.1) compared to the refer-

ence group (50–74.9 nmol L)1). In the groupwith the
highest concentrations (>100 nmol L)1), the preva-
lence of hypertensionwas nonsignificantly increased
by 40%. However, this potential U-shaped relation-
ship was not confirmed by a formal test for curvature
of theassociation (P = 0.39).

Discussion

In this community-basedcross-sectional studyof70-
year-oldmen,we observed a 3-foldhigher prevalence
of confirmed hypertension amongst men with low
25(OH)D concentrations (<37.5 nmol L)1, 15 ng mL)1)
comparedto thosewith levels‡37.5 nmol L)1.

A possible mechanism for the association between
a low concentration of 25(OH)D (which regulates
the active compound 1,25(OH)2D [7]) and hyperten-
sion may be through activation of the RAS. It has
been shown that 1,25(OH)2D, directly and nega-
tively, regulates renin gene transcription through a
vitamin D receptor-mediated mechanism [51]. As a
potent negative regulator, vitamin D may play a key
role in preventing the over-stimulation of the RAS.
Other possible mechanisms may be related to the
effects of vitamin D on the cells of the vessel wall
(endothelial cells, vascular smooth muscle cells
and macrophages), all of which express the vitamin
D receptor as well as 1a-hydroxylase, which con-
verts 25(OH)D to 1,25(OH)2D [6]. It has also been
speculated that vitamin D has potential nephropro-
tective effects and might be used therapeutically to
minimize the influence of diseases that affect the
kidney [52].

Therefore, anoptimal level of circulating1,25(OH)2D,
which is regulated by 25(OH)D concentrations, is
thought tobecrucial foranormal levelofBP [51].

Of interest, the ecological Intersalt Study, which
examined more than 10 000 participants from
around the world, showed that office BPwas statisti-
cally significantly positively associated with distance
fromtheequator,whichwasusedasaproxy forultra-
violet B radiation exposure-dependent vitaminDsta-
tus [53, 54]. Most [8, 9, 11, 14, 17], but not all [15,
16], recent studiesalso found inversecorrelationsbe-
tween 25(OH)D concentrations and office BP.
Although Sweden is a country with limited sunlight
during the winter, findings show that vitamin D
insufficiency is rare in community-dwelling elderly
people [55]. These results are consistent with previ-
ous comparisons of serum vitamin D concentrations
amongst populations in Europe, which have shown

Table 1 Characteristics of the study participants (833 elderly

men)according tobloodpressure

Normotensive,

n = 184

Confirmed

hypertensive,

n = 649

25(OH)Dconcentrations,

mean ± SDnmol L)1

70 ± 17 68 ± 18

25(OH)Dconcentrations,n (%)

<37.5 nmol L)1 3 (2) 32(5)

‡37.5–49.9 nmol L)1 20 (11) 71(11)

50.0–74.9 nmol L)1 91 (49) 319 (49)

75.0–100.0 nmol L)1 65 (35) 205 (32)

>100.0 nmol L)1 5 (3) 22(3)

Bloodpressure,mmHg,mean ± SD

Office

Systolic 126 ± 8 154 ± 16

Diastolic 76 ± 6 87 ± 9

24-h

Systolic 119 ± 6 141 ± 15

Diastolic 70 ± 4 79 ± 8

Bodymass index

(kg m)2),mean ± SD

24.9 ± 2.7 26.7 ± 3.5

Alcohol intake (g d)1),

mean ± SD

5.6 ± 6.2 6.6 ± 7.6

Leisuretimephysicalactivity,n (%)

Sedentary 5 (4) 26(4)

Moderate 59 (32) 231 (36)

Regular + Athletic 120 (65) 392 (60)

25(OH)D,25-hydroxyvitaminD.
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that the highest levels are found in the Nordic coun-
tries [56, 57]. In a recent study of Swedish twins, it
has been shown that genetic factors are an important
determinant of vitamin D status, and the key genetic
effect appears to be on the cutaneous synthesis of
vitamin D [58]. The results of another recent Euro-
pean study also suggest that genetic factors are a
componentofvitaminD insufficiency [59].

Our results, which are based on a reliable diagnosis
of confirmedhypertension (i.e. a combination of 24-h
BPandsupineofficeBPmeasurements), are inagree-
ment with the majority of previous analytical epide-
miological studies of hypertension as diagnosed by
office BPmeasurement. These studies reported find-
ings between25(OH)D concentrations andhyperten-
sion ranging from statistically significant inverse
association [18–24] and nonsignificant inverse asso-
ciation [26, 27] to nonsignificant positive association
[28,29].

There isnoconsensusontheoptimal rangeofvitamin
D concentrations for good general health [60, 61].
Our study indicates that 25(OH)D levels higher than
37.5 nmol L)1 are required for normal BP in men.
The authors of the Health Professionals Follow-Up
Study of 38 388 men also concluded that the
25(OH)D concentration required for normal BP was
at least 37.5 nmol L)1 [19]. In that study, however,
serum 25(OH)D concentrations were predicted from
questionnaire-based information, and hypertension

statuswasself-reported.Anexpertpanelhasrecently
recommended a target range for 25(OH)D concentra-
tions of 75–100 nmol L)1 (30–40 ng mL)1) to reduce
chronic disease including hypertension [62]. Our re-
sultsmay suggest a higher (although not statistically
significant) prevalence of confirmed hypertension in
the group with 25(OH)D concentrations above
100 nmol L)1. This observation should be consid-
ered in the context of other recent studies of Nordic
populations reporting a U-shaped association be-
tween 25(OH)D concentrations and tuberculosis
[63], prostate cancer [64] and total cancer mortality
[65] as well as a study reporting a U-shaped associa-
tionwith the ageing process inmice [66]. All these re-
sults taken together suggest that there may be an
optimal range of vitamin D status and that 25(OH)D
concentrations above this optimal level might have
adverse effects on health. Further studies are war-
ranted to study the association at very high 25(OH)D
concentrations and in different populations because
genetic factorsmightbe involved.

Meta-analysesofvitaminDsupplementationhavere-
portedweak evidence to support an effect to lower BP
[67,68]andreduce totalmortality [69].

The main strengths of our study are the community-
based design, the homogenous population with
regard to gender and ethnicity and the narrow
age-range of the participants. Another strength is
that 25(OH)D concentrations are based on the gold

Table 2 Low plasma 25-hydroxyvitamin D [25(OH)D] concentrations and odds ratios (ORs) of confirmed hypertension [Office BP:

systolic blood pressure (SBP) >140 mmHg and ⁄ or diastolic blood pressure (DBP) >90 mmHg; 24-h BP: SBP >130 mmHg and ⁄or
DBP>85 mmHg]amongstelderlymen

Normtensive

n (%)

Confirmed

hypertensiven (%) OR(95%CI)a OR(95%CI)b

25(OH)Dconcentrations

Twocategories

‡37.5 nmol L)1 (‡15 ng mL)1) 181 (23) 617 (77) 1.0 (ref) 1.0 (ref)

<37.5 nmol L)1 (<15 ng mL)1) 3 (9) 32(91) 3.1 (0.9–10.3) 3.3 (1.0–11.0)

Fivecategories

<37.5 nmol L)1 (<15 ng mL)1) 3 (9) 32(91) 3.0 (0.9–10.2) 3.2 (1.0–11.1)

37.5–49.9 nmol L)1 (15–20 ng mL)1) 20(22) 71(78) 1.0 (0.6–1.7) 0.9 (0.5–1.6)

50–74.9 nmol L)1 (20–30 ng mL)1) 91(22) 319 (78) 1.0 (ref) 1.0 (ref)

75–100 nmol L)1 (30–40 ng mL)1) 65(24) 205 (76) 0.9 (0.6–1.3) 1.0 (0.7–1.4)

>100 nmol L)1 (>40 ng mL)1) 5 (19) 22(81) 1.3 (0.5–3.4) 1.4 (0.5–3.9)

aUnivariate regression. bAdjusted for body mass index (kg m)2, continuous), physical activity (sedentary, moderate, regular,
athletic), alcohol intake (fourcategories,g d)1) andmonthwhenbloodsamplewascollected (12categories, continuous).
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standardprocedureofHPLC-MSanalysis [38,39].All
diagnoses were based only on confirmed hyperten-
sion. By using two techniques tomeasure BP (supine
office and24-hBP),wehave reduced the likelihood of
misclassification of subjects into the normotensive
and confirmed hypertensive groups. All models were
adjusted for potentially important confounders
including month of blood sample collection and cir-
culating biomarkers of renal function. However, we
cannot entirely rule out the possibility that the asso-
ciations we observed were partly attributed to
unmeasured factorsor toresidualconfounding.

A limitation of the study was its cross-sectional de-
sign and thus a cause-and-effect relationship be-
tween 25(OH)D concentrations and hypertension is
uncertain.Other limitations includethe lownumbers
ofmenwithplasma25(OH)Dconcentrations<37.5or
>100 nmol L)1, so thatwewereunable to analyse the
effect of even lower or higher 25(OH)D concentra-
tions. The fact that only Caucasianmen participated
in our study limits the generalizability of the results
tootherethnicgroupsandwomen.

In conclusion, our results show that low plasma
25(OH)Dconcentrations (<37.5 nmol L)1) areassoci-
ated with a higher prevalence of confirmed hyperten-
sion. Both longitudinal and interventional studies,
with adequate measurements of both 25(OH)D con-
centrations and blood pressure, are needed to define
theoptimumvitaminDstatus.
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