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ORIGINAL ARTICLE

Lost relation between blood pressure and serum 25-hydroxyvitamin D

Rolf Jordea,b and Guri Grimnesa,b

aTromsø Endocrine Research Group, Department of Clinical Medicine, UiT The Arctic University of Norway, Tromsø, Norway; bDivision
of Internal Medicine, University Hospital of North Norway, Tromsø, Norway

ABSTRACT
Background: Low serum 25-hydroxyvitamin D (25(OH)D) levels have consistently been associ-
ated with hypertension. During the last decades there has been an unexplained reduction in
blood pressure (BP) in Western countries. We therefore examined the relation between serum
25(OH)D and BP in the 7th survey of the Tromsø study 2015/2016.
Methods: Blood pressure and serum 25(OH)D were measured and life-style factors registered in
15,951 subjects not using BP medication.
Results: In unadjusted analyses there was a significant negative association between serum
25(OH)D and systolic and diastolic BP that disappeared after adjusting for relevant confounders.
This finding is in contrast to our previous reports on 25(OH)D and BP. We therefore cross-sec-
tionally re-analyzed non-smoking (due to interference by smoking in the 25(OH)D assay) sub-
jects not using BP medication from the 4th survey in 1994/1995 (n¼ 4108), 6th survey in 2007/
2008 (n¼ 7553) and 7th survey 2015/2016 (n¼ 13,413). Adjusting for age and BMI, there were
significant inverse relations between BP and 25(OH)D in the 4th, to a lesser degree in the 6th,
and none in the 7th survey. For males the age- and BMI-adjusted differences in systolic BP
between those with serum 25(OH)D < 25nmol/L versus serum 25(OH)D > 100nmol/L were
6.2mmHg, 4.1mmHg and �0.1mmHg, for the 4th, 6th and 7th surveys, respectively.
Conclusions: Concomitant with a substantial reduction in BP from 1994 to 2015, there has
been a loss of relation between 25(OH)D and BP which is hard to explain.
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Introduction

Vitamin D is important for skeletal health, but vita-
min D deficiency has also been linked to cardiovascu-
lar disease, immunological diseases, infections and
cancer [1]. For cardiovascular diseases this might be
explained by an association between low serum levels
of 25-hydroxyvitamin D (25(OH)D) (currently the
preferred measure of vitamin D status) and the car-
diovascular risk factors dyslipidemia, hypertension
and insulin resistance.

Except for rickets, it has been difficult to show a
causal relation between vitamin D deficiency and dis-
eases, which could be due to reverse causality [2, 3].
Another explanation could be confounding by age,
body weight and life style factors, as we have recently
shown for the association between serum 25(OH)D
and lipids [4].

On the other hand, the association between
25(OH)D and blood pressure (BP) appears to be con-
sistent, even after adjusting for all relevant

confounders [5–8]. However, there has been a reduc-
tion in BP in Western societies during the last deca-
des [9, 10], in spite of increasing body mass index
(BMI) and decreasing physical activity [11, 12]. This
reduction can hardly be explained by increased use of
BP medication [10, 13], and it is uncertain which life-
style or environmental factor(s) are responsible. We
therefore found it worthwhile to re-examine the rela-
tion between serum 25(OH)D and BP in the last sur-
vey in the Tromsø study that was performed in 2015/
2016 and included more than 21,000 subjects.

Methods

Study populations

The Tromsø Study started in 1974 and is conducted
in the municipality of Tromsø, Northern Norway at
69� North [14]. Since then it has been repeated with
5–8 years intervals. In the 4th survey of the Tromsø
Study, performed in 1994/1995, all individuals aged
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25 years or older were invited to participate, and
27,158 persons (77%) attended the first visit. All men
aged 55–74 years, all women aged 50–74 years, and a
sample of 5–10% of the remaining age groups
between 25 and 84 years were invited to undergo
more extensive clinical examinations (second phase),
and 7965 persons (78%) attended. The 6th survey was
preformed in 2007/2008. Those who participated in
the second phase of the 4th survey, a random 10%
sample of subjects 30–39 years old, all subjects 40–42
and 60–87 years old, and a random 40% sample of
subjects 43–59 years old, were invited. In total, 12,984
subjects (65.7%) attended. The 7th survey was per-
formed in 2015/2016. All citizens aged 40 years and
above living in the municipality of Tromsø were
invited and 21,083 (64.7%) attended.

Measurements

The subjects filled in questionnaires on use of BP
medication, cod liver oil, physical activity, smoking
and alcohol habits (all surveys); and Omega-3 capsu-
les (fish oil, seal oil), supplements containing vitamin
D, sunny holidays and use of solarium (6th and 7th
survey). Intake of fat fish was asked for in all surveys
but the questionnaire in the 4th survey differed
slightly from that in the 6th and 7th surveys. A phys-
ical activity score was created based on reported fre-
quency, intensity and duration (7th survey). BP was
measured three times by trained personnel with 1min
intervals after a 2min seated rest with an

oscillometric digital device (in the 4th survey with
Dinamap Vital Signs Monitor, Critikon Inc, Tampa,
FL, USA; in the 6th and 7th survey with Dinamap
ProCare 300 monitor, GE Healthcare, Oslo, Norway).
The mean of the two last measurements was used in
the analyses. Non-fasting blood samples were drawn
and in the 4th and 6th survey analyzed for 25(OH)D
in batch with ECLIA (Roche) using an automated
clinical chemistry analyzer (Modular E170, Roche
Diagnostics). This assay overestimates serum
25(OH)D levels in smokers and where serum
25(OH)D levels from the 4th and 6th survey are used,
smokers are excluded [15]. In the 7th survey serum
25(OH)D measurements were performed with an
LC-MSMS method [16]. In non-smokers these two
methods give very similar results with a correlation
coefficient r of 0.81 [15]. Serum creatinine was meas-
ured with an enzymatic colorimetric method using an
automated clinical chemistry analyzer (Cobas 6000,
Roche Diagnostics, Mannheim, Germany).

Statistical analyses

Normal distribution was tested with kurtosis, skew-
ness and inspection of histograms, and found normal
for the dependent variables systolic BP (SBP), dia-
stolic BP (DBP) and 25(OH)D. Predictors of SBP,
DBP and serum 25(OH)D were evaluated with linear
regression models with covariates as appear in the
tables. Due to interactions between serum 25(OH)D
and sex regarding SBP, and between age and sex

Figure 1. Distribution of serum 25-hydroxyvitamin D in 15,951 subjects not using blood pressure medication in the 7th survey of
the Tromsø Study.
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regarding serum 25(OH)D, all analyses were done
sex-specific. Month of attendance was adjusted for
with the use of dummy variables. Trends across
groups were tested with linear regression as appear in
the tables. The validity of the regression models was
tested with residual plots that were found to have
normal distribution. Correlations were evaluated with
Pearson’s correlation coefficient r. Data are shown as
mean (SD). All tests were done two-sided, and p< .05
was considered as statistical significant. All statistical
analyses were performed using IBM SPSS version 24
software (SPSS INC, Chicago, Illinois, USA).

Ethics

The Tromsø Study is approved by the Regional
Committee for Medical Research Ethics (REK) and
the investigation is covered by this approval. All
included subjects provided informed written consent.

Results

Cross-sectional analyses, the 7th survey

Among the 21,083 subjects who attended the 7th sur-
vey in the Tromsø study, 20,922 had valid serum
25(OH)D measurements. Among these, 15,951 (8549
females, 7402 males) had valid BP measurements and
reported no use of BP medication, and were included
in the analyses. Most of the subjects attended during

the spring/summer/autumn months (Supplemental
Figure 1). Their mean serum 25(OH)D levels were
65.2 nmol/L (females) and 59.6 nmol/L (males) with
expected distribution (Figure 1) and seasonal vari-
ation (Figure 2).

In both women and men, there was in general an
increase in serum 25(OH)D and BP with age, a
decrease in serum 25(OH)D and increase in BP with
increasing BMI, an increase in serum 25(OH)D with-
out corresponding change in BP with increased intake
of fat fish, cod liver oil, omega 3 capsules, vitamin D
supplements, sunny vacations, use of solarium and
intake of alcohol. There was an increase in serum
25(OH)D and a decrease in BP with increasing phys-
ical activity (Table 1). In linear regression models
with serum 25(OH)D, SBP and DBP as dependent
variables, the background variables came out as sig-
nificant predictors similar as in the above stratified
analyses (Supplemental Table 1).

In males, there was a positive correlation between
serum 25(OH)D and SBP (r¼ 0.040, p < .001) and a
negative correlation between serum 25(OH)D and
DBP (r¼�0.037, p> .01), corresponding values in
females r¼ 0.089 (p< .001) and r¼ 0.019 (ns).
However, after adjusting for age, BMI and the other
background variables, no significant associations
between serum 25(OH)D and BP remained. The
importance of adjusting for age and BMI is shown
in detail for males in Table 2, where the effects of

Figure 2. Mean serum 25-hydroxyvitamin D in relation to month of blood sampling in 11,855 subjects not using blood pressure
medication, not recently been on a sunny vacation, and not using cod liver oil of vitamin D supplements. The error bars show SD.
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step-wise inclusion of the background variables are
shown. Thus, adjusting for season, intakes containing
vitamin D, sun exposure, serum creatinine, smoking,
alcohol and physical activity hardly had any effect on
the serum 25(OH)D and BP relation, whereas this

changed markedly with inclusion of age and in par-
ticular BMI.

In search of subgroup effects, separate analyses
were performed for subjects with serum 25(OH)D
levels �50 nmol/L, < 50 nmol/L, < 40 nmol/L and

Table 1. Serum 25(OH)D and blood pressure in subjects not using blood pressure medication. The 7th survey of the
Tromsø study.

Females Males

N Serum 25(OH)D (nmol/L) SBP (mmHg) DBP (mmHg) N Serum 25(OH)D (nmol/L) SBP (mmHg) DBP (mmHg)

All subjects 8549 65.2 (22.3) 123.2 (19.3) 72.1 (9.6) 7402 59.6 (21.0) 130.4 (17.4) 78.0 (9.6)
Serum 25(OH)D (nmol/L)
0–24 170 20.5 (4.1) 120.3 (17.4) 71.2 (9.8) 200 20.7 (3.8) 130.6 (18.1) 80.1 (10.7)
25–49 2025 40.2 (6.7) 121.3 (18.3) 72.1 (9.7) 2359 39.7 (6.5) 130.0 (17.1) 78.5 (9.7)
50–74 3719 62.5 (7.1) 122.9 (19.0) 72.1 (9.5) 3243 61.9 (7.1) 130.0 (17.2) 77.5 (9.5)
75–99 2092 85.1 (6.9) 125.2 (19.9) 72.3 (9.6) 1313 84.2 (6.7) 131.8 (18.0) 77.8 (9.4)
>99 543 114.2 (14.5) 126.3 (21.4)§ 72.6 (9.7) 287 113.0 (14.3) 133.2 (18.4)§ 78.4 (9.4)

Age (years)
< 50 3139 58.0 (20.5) 115.7 (14.1) 70.8 (9.1) 2773 54.4 (19.7) 125.9 (14.5) 77.0 )9.2
50–70 4644 68.4 (22.3) 125.0 (19.0) 72.8 (9.7) 3825 61.3 (20.7) 131.7 (17.7) 79.2 (9.7)
> 70 766 75.1 (21.7)§ 143.5 (22.3)§ 73.9 (10.0)§ 804 69.8 (21.2)§ 140.0 (20.1)§ 75.9 (9.6)

BMI (kg/m2)�
< 24.1 2962 68.3 (23.0) 119.1 (18.8) 70.3 (9.6) 1279 63.9 (21.9) 126.8 (17.6) 75.4 (9.3)
24.1–26.5 2068 66.3 (21.6) 123.0 (19.0) 72.1 (9.4) 2035 62.3 (21.5) 128.0 (16.4) 76.6 (9.1)
26.6–29.5 1706 63.9 (21.1) 125.7 (19.2) 73.3 (9.5) 2313 59.0 (20.1) 131.5 (17.6) 78.7 (9.1)
> 29.5 1794 60.0 (22.0)§ 127.9 (18.9)§ 74.0 (9.3)§ 1762 54.3 (19.6)§ 134.5 (17.7)§ 80.4 (10.3)§

How often do you eat fat fish�
0–1 times per month 1045 62.9 (24.2) 123.8 (19.5) 72.0 (9.8) 918 55.0 (21.6) 130.8 (17.4) 78.1 (9.2)
2–3 times per month 2656 64.3 (22.3) 123.3 (19.3) 72.2 (9.5) 2509 58.7 (21.3) 130.7 (17.3) 78.3 (9.7)
1–3 times per week 4396 66.1 (21.7) 122.8 (19.1) 72.1 (9.5) 3614 61.3 (20.5) 130.0 (17.3) 77.7 (9.6)
4–6 times per week 287 66.3 (22.7) 124.5 (20.3) 72.6 (9.4) 225 61.4 (20.9) 132.8 (19.9) 78.0 (10.2)
Once a day or more 83 69.9 (22.2)§ 124.0 (20.0) 72.0 (11.1) 79 62.2 (18.4)§ 132.4 (16.7) 78.1 (10.4)

Do you use cod liver oil�
No 4538 63.0 (22.7) 122.7 (18.8) 72.2 (9.5) 3967 56.4 (20.4) 130.3 (17.1) 78.1 (9.6)
Sometimes 1453 59.9 (20.2) 121.3 (17.6) 72.1 (9.7) 1441 56.9 (19.4) 129.4 (17.1) 78.2 (9.8)
Daily during winter 819 67.2 (19.8) 122.1 (19.4) 71.6 (9.7) 764 63.4 (19.1) 130.1 (17.8) 77.5 (9.5)
Daily 1181 78.8 (20.2)§ 126.8 (21.8)‡ 72.3 (9.5) 954 73.3 (20.4)§ 132.7 (18.3)‡ 77.7 (9.3)

Do you use Omega 3 capsules (fish oil, seal oil)�
No 4549 61.2 (21.7) 122.3 (18.8) 72.0 (9.7) 4607 57.2 (20.7) 130.0 (17.4) 78.0 (9.7)
Sometimes 1295 62.3 (20.5) 121.6 (18.1) 72.0 (9.3) 1167 59.1 (20.6) 130.1 (16.7) 78.4 (9.4)
Daily during winter 470 70.5 (22.4) 122.6 (19.1) 72.1 (9.4) 311 61.2 (18.7) 130.8 (18.6) 78.0 (9.9)
Daily 1744 75.5 (21.3)§ 126.2 (20.3)‡ 72.4 (9.4) 1036 69.7 (20.1)§ 132.4 (17.5)‡ 77.6 (9.5)

Do you use vitamin D supplements�
No 4580 60.7 (21.2) 122.7 (18.8) 72.1 (9.5) 4976 57.5 (20.0) 130.5 (17.5) 78.1 (9.7)
Sometimes 1300 62.3 (20.6) 121.9 (19.0) 72.1 (9.8) 1127 59.6 (21.0) 130.1 (16.7) 78.1 (9.4)
Daily during winter 570 70.2 (20.6) 122.6 (19.2) 72.0 (9.6) 303 64.8 (21.3) 127.7 (16.7) 77.1 (9.1)
Daily 1681 77.2 (22.3)§ 125.0 (20.3) 72.2 (9.5) 694 71.3 (22.4)§ 130.9 (17.5) 77.4 (9.3)

Have you been on sunny vacation last two months�
No 6779 62.8 (21.7) 123.5 (19.4) 72.2 (9.5) 5933 57.0 (19.9) 130.4 (17.4) 77.9 (9.6)
Yes 1614 75.6 (21.6)§ 122.2 (18.8) 71.9 (9.6) 1330 71.8 (21.2)§ 130.5 (17.3) 78.2 (9.7)

Do you use a solarium�
Never 6200 64.3 (22.4) 124.3 (19.9) 72.3 (9.6) 6211 58.9 (20.9) 130.7 (17.6) 78.0 (9.6)
Yes, sometimes 2196 67.8 (21.6) 120.1 (16.9) 71.6 (9.4) 1039 64.5 (20.5) 129.0 (16.7) 78.2 (9.5)
Yes, weekly 15 72.4 (15.5)§ 124.9 (18.4) 73.8 (8.8) 24 72.8 (27.2)§ 133.2 (16.2) 76.8 (8.9)

Physical activity score�
Quartile 1 (low activity) 1786 60.7 (22.8) 125.6 (20.0) 72.7 (9.7) 1908 55.2 (20.2) 131.1 (17.8) 78.6 (9.8)
Quartile 2 1852 64.4 (21.5) 123.4 (19.1) 72.4 (9.6) 1585 58.3 (20.7) 130.6 (18.0) 78.5 (9.9)
Quartile 3 2202 65.9 (21.4) 122.3 (19.1) 71.9 (9.7) 1493 61.3 (21.0) 129.8 (16.4) 77.7 (9.3)
Quartile 4 2415 68.9 (22.5)§ 121.8 (18.5)§ 71.8 (9.2)‡ 2175 63.8 (21.0)§ 130.2 (17.3) 77.4 (9.4)‡

How often do you usually drink alcohol�
Never 695 62.9 (25.0) 128.1 (23.1) 71.9 (10.0) 405 57.6 (23.0) 130.8 (18.5) 76.7 (9.9)
Monthly or less 2277 63.0 (22.2) 123.5 (19.4) 72.0 (9.4) 1463 57.3 (20.8) 130.5 (17.7) 77.9 (9.5)
2–4 times a month 3191 65.3 (21.9) 122.6 (18.6) 71.9 (9.6) 2973 59.4 (20.1) 130.0 (17.2) 78.0 (9.7)
2–3 times a week 1924 67.1 (21.7) 121.8 (18.0) 72.3 (9.3) 2027 61.7 (21.4) 130.2 (16.9) 78.1 (9.5)
4 or more times a week 430 71.4 (22.8)§ 127.0 (20.4) 73.6 (10.1)† 516 61.0 (22.5)§ 133.3 (18.2) 78.6 (9.5)‡

Do you smoke daily�
Yes 1250 63.5 (23.3) 123.0 (19.3) 72.3 (9.8) 991 54.6 (21.0) 130.2 (18.0) 78.1 (9.8)
No 7142 65.6 (22.0)‡ 123.2 (19.2) 72.1 (9.5) 6271 60.5 (20.9)§ 130.5 (17.3) 78.0 (9.6)

�Missing data in a few subjects; †p< 0.05, ‡p< 0.01, §p< 0.001, comparison between two groups or linear trend across group (without adjustment).
Data are shown as numbers or mean (SD).
Abbreviations: 25(OH)D: 25-hydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index
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<30 nmol/L; SBP <130mmHg, � 130mmHg, >

140mmHg and >150mmHg; and combination of
vitamin D insufficiency (serum 25(OH)D < 50 nmol/
L) and hypertension (SBP >140mmHg). This did not
reveal any significant associations in the females,
whereas in males there were significant inverse associ-
ations between serum 25(OH)D and DBP in subjects
with serum 25(OH)D < 50 nmol/L, in subjects with
SBP >130mmHg and in those with combined vita-
min D insufficiency and hypertension. For SBP no
such significances (or trends towards significance)
were found (Supplemental Table 2).

Comparisons between cross-sectional analyses of
the 4th, 6th and 7th surveys

The percentage of subjects with serum 25(OH)D
measurement, smoking habits, and use of BP medica-
tion differed between the surveys. The characteristics
of all the subjects, those with valid serum 25(OH)D
measurement, and those who in addition were non-
smokers and not using BP medication, are therefore
shown in Table 3. After excluding smokers (due to
interference by smoking in the 25(OH)D assay used
in the 4th and 6th surveys) and those using BP medi-
cation, there was in the 7th survey 9% more males
and mean age was 4 years lower than in the 4th sur-
vey. Mean BMI and serum 25(OH)D were 0.7 kg/m2
and 10.4 nmol/L higher in the 7th than the 4th sur-
vey, whereas mean SBP and DBP were 16.2mmHg
and 7.3mmHg lower (Table 3). Use of cod liver oil
(sometimes or daily) were reported in 41.6%, 43.4%,
and 45.0% of the subjects in the 4th, 6th, and 7th sur-
veys, respectively. In the 6th and 7th survey 51.6%
and 40.4% used Omega 3 capsules sometimes or daily.

The intake of fat fish was very similar in the 6th and
the 7th surveys (Supplemental Table 3).

Age, BMI, SBP, and SBP adjusted for age and BMI
in the three surveys are shown in relation to serum
25(OH)D (groups in steps of 25 nmol/L) in Table 4.
Except for BMI in the males in the 6th survey, there
was across these serum 25(OH)D groups in all three
surveys a significant decrease in BMI with increasing
serum 25(OH)D. In the 6th and 7th survey there was
an increase in age with increasing serum 25(OH)D,
whereas there was a decrease in age with increasing
serum 25(OH)D in the females in the 4th survey.

In the 4th survey there was a significant decrease
in SBP with increasing serum 25(OH)D in both sexes,
with a difference in age and BMI adjusted SBP of
�8mmHg between those with serum 25(OH)D
0–24 nmol/L and those with 25(OH)D > 100 nmol/L.
In the 6th survey there was in the females a decrease
in SBP with increasing serum 25(OH)D up a level of
100 nmol/L, and thereafter a slight increase in SBP. In
males this relation appeared more clearly U-shaped
with the lowest SBP in those with serum 25(OH)D in
the range 50–74 nmol/L. In the 7th survey, no signifi-
cant relations between SBP and 25(OH)D were found
after adjusting for age and BMI (Table 4). Similar
results were seen for the relation with DBP (data
not shown).

Longitudinal studies

To examine if the lost 25(OH)D and BP association
was due to inclusion of new participants, those who
had participated in all three surveys, the 4th and 6th
surveys, and the 6th and 7th surveys were analyzed
separately. Thus, of the 2572 females included in the

Table 2. Standardized b coefficient for serum 25(OH)D as predictor of systolic and diastolic blood pressure in 7402 male sub-
jects without blood pressure medication in regression models with successive and additive inclusion of covariates in the mod-
els. The 7th survey of the Tromsø study.

SBP DBP

Covariates in the model Standardized b coefficients R2 Standardized b coefficients R2

Only serum 25(OH)D 0.040§ 0.001 �0.038‡ 0.001
As above plus: Season (use of dummy variables) 0.048§ 0.007 �0.035‡ 0.002
As above plus: How often do you eat fat fish� 0.048§ 0.007 �0.035‡ 0.002
As above plus: Do you use cod liver oil� 0.041§ 0.008 �0.031† 0.003
As above plus: Do you use Omega 3 capsules (fish oil, seal oil)� 0.033‡ 0.009 �0.033‡ 0.003
As above plus: Do you use vitamin D supplements� 0.036‡ 0.009 �0.033† 0.003
As above plus: Have you been on sunny vacation last two months� 0.035‡ 0.009 �0.040‡ 0.003
As above plus: Do you use a solarium� 0.038‡ 0.010 �0.041‡ 0.003
As above plus: Serum creatinine (lmol/L) 0.036‡ 0.010 �0.037‡ 0.004
As above plus: Smoking (yes, no)� 0.036‡ 0.010 �0.037‡ 0.004
As above plus: Alcohol score (units/month)� 0.036‡ 0.014 �0.038‡ 0.010
As above plus: Physical activity score� 0.040‡ 0.015 �0.029† 0.013
As above plus: Age (years) �0.029† 0.075 �0.036† 0.014
As above plus: BMI (kg/m2)� 0.004 0.114 �0.007 0.046
�Missing data in a few subjects; †p< 0.05, ‡p< 0.01, §p< 0.001.
Abbreviations: 25(OH)D: 25-hydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index.
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analyses of the 4th survey, 973 were included in the
analyses of the 6th survey, and among these, 450 were
included in the analyses of the 7th survey. The corre-
sponding figures for the males were 1536, 542, and

230, respectively. Among the 3951 females included
in the analyses of the 6th survey, 2341 were also
included in the analyses of 7th survey. Corresponding
figures for the males were 3602 and 2014,

Table 3. Characteristics of the subjects in the Tromsø study surveys in relation to inclusion criteria for the analyses
4th survey in the Tromsø study 6th survey in the Tromsø study 7th survey in the Tromsø study

All subjects

Valid
serum
25(OH)D

Valid 25(OH)D,
non-smoking,

no
BP medication All subjects

Valid
serum
25(OH)D

Valid 25(OH)D,
non-smoking,

no
BP medication All subjects

Valid
serum
25(OH)D

Valid 25(OH)D,
non-smoking,

no
BP medication

N 26,992 7162 4108 12,981 12,814 7553 21,083 20,922 13,413
Females (%) 52.6 61.1 62.6 53.4 53.3 52.3 52.5 52.5 53.2
BP med. (%) 6.2 12.3 22.3 22.2 22.4 22.1
Smokers (%) 36.8 32.6 20.1 20.0 13.4 13.4
Age (years) 46.9 (15.1) 58.9 (10.2) 58.8 (10.3) 57.5 (12.7) 57.5 (12.6) 55.3 (12.4) 57.3 (11.4) 57.5 (11.4) 54.8 (10.6)
BMI (kg/m2) 25.2 (3.9) 26.0 (4.0) 26.2 (3.9) 26.9 (4.3) 26.9 (4.3) 26.5 (4.0) 27.3 (4.6) 27.3 (4.6) 26.9 (4.3)
SBP (mmHg) 134.8 (20.5) 143.4 (22.5) 142.8 (21.7) 135.6 (23.0) 135.6 (23.0) 132.8 (22.0) 129.6 (19.8) 129.6 (19.8) 126.6 (18.8)
DBP (mmHg) 78.1 (12.4) 82.6 (12.9) 82.1 (12.7) 77.8 (10.7) 77.8 (10.6) 77.3 (10.6) 75.4 (10.2) 75.4 (10.2) 74.8 (10.0)
Serum

25(OH)D
(nmol/L)

58.9 (20.1) 52.8 (16.7) 57.8 (19.3) 55.0 (17.8) 63.5 (22.0) 63.2 (21.6)

Data are shown as numbers, percentages or mean (SD)
Abbreviations: 25(OH)D: 25-hydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index.

Table 4. Age, BMI and systolic blood pressure in relation to serum 25(OH)D in the 4th, 6th, and 7th
survey in the Tromsø study in non-smoking subjects not using BP medication

Serum 25(OH)D (nmol/L)

0–24 25–49 50–74 75–99 100

4th survey of the Tromsø study 1994/1995
Females (n) 87 1127 1141 193 24
Age (years) 62.1 (10.6) 59.5 (10.6) 57.3 (10.2) 55.2 (10.3) 55.4 (10.5)‡
BMI (kg/m2) 26.9 (5.9) 26.8 (4.6) 25.6 (3.9) 24.9 (3.5) 25.1 (3.5)‡
SBP (mmHg) 150.9 (24.6) 144.9 (23.0) 139.2 (21.7) 136.0 (20.7) 134.8 (21.8)‡
Age and BMI adjusted SBP (mmHg) 146.6 (19.7) 143.1 (19.7) 140.6 (19.7) 140.0 (19.7) 138.3 (19.6)‡
Males (n) 21 652 726 121 16
Age (years) 59.1 (12.2) 59.7 (10.5) 59.8 (9.3) 60.7 (8.3) 61.5 (6.9)
BMI (kg/m2) 27.7 (3.5) 26.5 (3.4) 26.3 (2.9) 26.1 (2.8) 24.9 (2.3)†
SBP (mmHg) 147.1 (19.2) 145.1 (20.3) 144.3 (20.0) 142.0 (18.8) 137.8 (21.8)�
Age and BMI adjusted SBP (mmHg) 146.3 (19.0) 145.1 (19.0) 144.4 (19.0) 141.8 (19.0) 138.1 (19.0)�
6th survey of the Tromsø study 2008
Females (n) 106 1535 1820 427 63
Age (years) 54.5 (15.4) 54.1 (12.9) 55.6 (12.2) 55.8 (11.6) 60.3 (13.0)‡
BMI (kg/m2) 27.1 (5.7) 26.6 (4.6) 25.8 (4.1) 25.3 (4.0) 25.0 (3.6)‡
SBP (mmHg) 134.5 (27.1) 130.8 (24.0) 129.8 (23.0) 127.1 (22.8) 132.8 (25.4)‡
Age and BMI adjusted SBP (mmHg) 134.4 (19.3) 131.3 (19.3) 129.5 (19.2) 127.1 (19.2) 128.5 (19.3)‡
Males (n) 78 1373 1725 370 56
Age (years) 50.6 (12.5) 53.6 (12.4) 56.4 (11.9) 58.3 (11.0) 60.9 (9.0)‡
BMI (kg/m2) 26.8 (4.5) 27.5 (3.8) 26.8 (3.2) 26.4 (3.1) 26.6 (3.1)
SBP (mmHg) 139.3 (22.6) 135.7 (19.5) 135.1 (19.4) 137.7 (20.5) 141.1 (22.0)
Age and BMI adjusted SBP (mmHg) 142.4 (18.3) 136.4 (18.3) 134.7 (18.2) 136.6 (18.2) 138.3 (18.2)
7th survey of the Tromsø study 2015/2016
Females (n) 126 1658 3139 1773 446
Age (years) 48.9 (7.8) 50.9 (9.2) 54.3 (10.3) 57.7 (10.3) 60.1 (10.8)‡
BMI (kg/m2) 29.3 (7.5) 27.2 (5.2) 26.4 (4.4) 25.7 (4.2) 24.9 (3.7)‡
SBP (mmHg) 120.2 (18.4) 121.2 (18.2) 123.0 (19.1) 124.8 (19.6) 126.7 (21.3)
Age and BMI adjusted SBP (mmHg) 122.7 (16.8) 123.7 (17.1) 123.2 (16.8) 122.8 (17.0) 123.2 (17.0)
Males (n) 143 1914 2798 1161 255
Age (years) 50.4 (9.1) 51.6 (9.1) 55.7 (11.0) 58.2 (11.1) 60.4 (11.5)‡
BMI (kg/m2) 28.3 (4.4) 28.3 (4.1) 27.3 (3.6) 26.6 (3.2) 26.0 (3.2)‡
SBP (mmHg) 130.7 (17.8) 130.0 (17.1) 130.1 (17.2) 131.9 (17.6) 133.4 (18.8)
Age and BMI adjusted SBP (mmHg) 132.0 (16.4) 130.7 (16.7) 129.8 (16.4) 131.2 (16.6) 132.1 (16.5)

� p< 0.05,
† p< 0.01,
‡ p< 0.001;
linear trend with age and BMI as covariates. Data are shown as numbers or mean (SD)
Abbreviations: 25(OH)D: 25-hydroxyvitamin D; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body
mass index.
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respectively. This reduced the statistical power consid-
erably, and few of the 25(OH)D and BP associations
reached statistical significance. However, there
appeared to be a general trend for the negative associ-
ations between 25(OH)D and BP seen in the 4th and
6th surveys to become (more) positive in the 7th sur-
vey (Supplemental Table 4).

Discussion

In the present population-based survey from 2015/
2016 there were no consistent associations between
serum 25(OH)D and BP after adjusting for age and
BMI, in contrast to similar surveys in 1994/1995 and
2007/2008 [8].

In most previous studies there has been a cross-
sectional association between serum 25(OH)D and
BP, which has been confirmed in several meta-analy-
ses and review papers [5–7]. This is plausible since
the vitamin D receptor (VDR) and the vitamin D
activating 1-alpha-hydroxylase enzyme are widely dis-
tributed and found in vascular smooth muscle cells
[17]. Animal studies also suggest that vitamin D defi-
ciency may stimulate the BP regulating renin-angio-
tensin system [18].

The inverse relation between 25(OH)D and BP
could also be caused by confounders like sex, age and
lifestyle factors. However, in our study, when males
and females were analyzed separately, the results were
basically the same. There was with increasing age an
increase in both 25(OH)D and BP, which would favor
a positive and not a negative 25(OH)D – BP associ-
ation. Furthermore, strong predictors of serum
25(OH)D like intake of fat fish, cod liver oil and vita-
min D supplements, alcohol consumption and UVB
exposure were only marginally related to BP. Even
physical activity, that was associated with increasing
serum 25(OH)D levels and decreasing BP, did not
affect the 25(OH)D – BP association in the regression
analyses. On the other hand, adjusting for BMI, that
was a strong negative predictor of serum 25(OH)D
and a strong positive predictor of BP, made the
25(OH)D and BP association disappear.

As pointed out by Ke et al. there has been a dis-
cussion on whether to include BMI as a confounder
in the regression analyses for the relation between BP
and vitamin D, as vitamin D previously was thought
to have a causal effect on adipose mass [6]. This does
not seem to be the case, as shown in Mendelian ran-
domization studies. Thus, single nucleotide polymor-
phisms (SNPs) that affect BMI also affect serum
25(OH)D, whereas SNPs primarily affecting serum

25(OH)D do not affect BMI [19]. Adjusting for BMI
therefore appears justified.

Our present results are in contrast with what we
have previously published regarding 25(OH)D and
BP. Thus, in the 4th survey of the Tromsø study we
found an inverse association between serum 25(OH)D
and BP, with a difference between those in the lowest
and highest 25(OH)D quartile of 3.6mmHg for SBP
and 1.0mmHg for DBP, after adjustment for age,
gender, BMI and physical activity [18].

We therefore analyzed data from the 4th, 6th, and
7th surveys using similar inclusion criteria (non-
smokers not using blood pressure medication), strati-
fied for sex, and adjusted for the two only important
confounders, age and BMI. With this approach there
was from the survey in 1994/1995 to the last in 2015/
2016 an apparent loss of the 25(OH)D – BP relation
that is difficult to explain. Thus, the three cohorts
were fairly similar regarding age and BMI, but the
percentage of excluded smokers was lower and per-
centage excluded BP medication users higher, in the
last survey. However, including subjects on BP medi-
cation did not change the overall results.

The intake of cod liver oil was similar in the three
surveys, whereas the intake of Omega 3 capsules was
slightly lower in the 7th than the 6th survey. In the
4th survey, the questions and answers regarding
intake of fat fish differed from the 6th and 7th sur-
veys, making intakes difficult to compare. However,
these intakes in the 6th and 7th surveys were fairly
similar, and moreover, the analysis of the data from
the 7th survey showed that the 25(OH)D-increasing
lifestyle factors had little or no impact on the
25(OH)D – BP relation.

One possible explanation for the loss of a
25(OH)D and BP relation, could be the inclusion of
new subjects in the 6th and 7th surveys. We therefore
separately analyzed subjects who had participated
repeatedly in the surveys, and the results indicated
that the loss of this association was also seen in these
longitudinal cohorts. However, this must be viewed
with caution as the statistical power in these sub-
group-analyses was low.

The subjects in the 7th survey had higher serum
25(OH)D levels and lower BP than in the previous
surveys. It is unlikely that the higher serum 25(OH)D
levels were due to differences in the 25(OH)D assays.
Probably it was due to increased vitamin D intake as
well as increased sun-exposure as reported in other
populations [20]. The reduction in BP in the Tromsø
study has previously been described in detail by
Hopstock et al. [13], and has also been found in other
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Western populations [9, 10]. Thus, in the Tromsø
study there has been a decrease in SBP in the age
group 40–49 years of 10.6mmHg in women and
4.5mmHg in men from 1979 to 2008 [13]. Similarly,
in the HUNT study from the middle part of Norway,
there has been a decrease in SBP from 1995 to 2006
of 7.7mmHg in women and 6.3mmHg in men [10].
These decreases can only to a minor degree be
explained by increased use of BP medication [10],
and in view of the increasing prevalence of obesity
and inactivity they are difficult to understand
[11, 12]. Suggested explanations have been lower
intake of salt, increased intake of fruit and vegetables,
and, since there in the same period has been a reduc-
tion in heart rate, a reduction in the white-coat phe-
nomenon [10].

The increase in serum 25(OH)D and reduction in
BP could potentially mask a relation between
25(OH)D and BP since it is likely that additional vita-
min D (if relevant for BP) would be most important
in those with vitamin D deficiency and/or hyperten-
sion. We therefore did subgroup-analyses according
to vitamin D status and BP. This did not reveal sig-
nificant 25(OH)D and BP associations (or even
trends) in the females, whereas in the males with vita-
min D insufficiency and/or increased BP, there was
an inverse relation between 25(OH)D and DBP, but
not SBP. Accordingly, these changes in 25(OH)D lev-
els and BP can only partially explain the lost
25(OH)D and BP association.

It is tempting to speculate that there could be a
connection between the substantial (and unexplained)
decrease in BP and the apparent lost relation between
serum 25(OH)D and BP. Hypothetically, a factor that
increased BP and at the same time confounded the
25(OH)D – BP relation may have been lost; or a fac-
tor that reduces BP and masks the 25(OH)D – BP
relation may have appeared. Which factor (or factors)
this could be is hard to imagine, as the most obvious
lifestyle factors (food intake and physical activity)
appear not to be involved. The emergence (or dis-
appearance) of some sort of environmental pollu-
tant(s), which may have BP as well as endocrine
effects [21–23], could at least theoretically be such
a factor.

It should be noted that most of the subjects in the
studies included in the reviews and meta-analyses on
25(OH)D and BP were examined 10–20 years ago
[5–7], as is the case with two very large 25(OH)D and
BP studies recently published. Thus, in the study
by Afzal et al. serum 25(OH)D was measured in
35,517 subjects, and subjects with serum 25(OH)D

< 25 nmol/L had 2.56mmHg higher SBP than those
with serum 25(OH)D � 50 nmol/L [24]. However, the
subjects were included during 1981–1983, 2004–2005,
and 2009–2011 and thus correspond to our findings
from the 4th and 6th sixth surveys in the Tromsø
study. Similarly, in the study by Vimaleswaran et al.
that included 49,363 individual person data from 19
studies, increased serum 25(OH)D concentration was
associated with reduced SBP (b per 10% increase, –
0.12mmHg) [25]. But again, most of these 19 studies
were performed before or at the time of the 6th
Tromsø study, and thus not in contrast, but in agree-
ment with our findings. However, it must be
acknowledged that these two studies also included
genetic data for Mendelian association analysis, and
both found that vitamin D genetic scores showed an
association with BP. This was, however, very modest
so that a genetically determined 10 nmol/L lower
25(OH)D concentration was associated with a
0.68mmHg higher SBP and a 0.36mmHg higher DBP
[24]. On the other hand, meta-analyses of RCTs have
not shown a convincing BP lowering effect of vitamin
D supplementation [26, 27]. Thus, Witham et al.
found a non-significant 3.6mmHg reduction in SBP
and a significant 3.1mmHg reduction in DBP in their
meta-analysis that included 716 subjects from 11
studies [26]. However, in the study by Beveridge et al.
that included 4541 participants from 46 trials, the
effect size by vitamin D on SBP was 0.0mmHg and
on DBP – 0.1mmHg (ns). Similar results were found
in the 3092 participants where individual data were
available. Even subgroup analyses according to base-
line factors did not reveal a better response to vitamin
D supplementation [27]. Together with our finding of
a lack of cross-sectional association between 25(OH)D
and BP, we therefore find the clinical relevance of the
Mendelian analyses questionable.

Our study has several limitations. We used differ-
ent serum 25(OH)D assays in the surveys, and due to
interference with smoking in the Roche assay used in
the 4th and 6th surveys, had to exclude smokers
when comparing the surveys and in the longitudinal
analyses. We did not have accurate measurements of
food intake, in particular fruits and vegetables, use of
salt and use of oils rich in mono- and poly-unsatur-
ated fatty acids that may affect BP. We did not have
sufficient data on other indices of calcium homeosta-
sis like serum calcium and parathyroid hormone,
which could have added value to our analyses. All
three surveys were population based, but we still can-
not exclude the possibility of sampling error, nor can
we exclude latent confounding that was not measured.
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Accordingly, our observation of a lost relation
between serum 25(OH)D and BP should be viewed
with caution until confirmed in other studies.
Furthermore, it must be stressed that our tentative
explanations for this lost relation are highly
speculative.

However, our study also has strengths as it is, to
our knowledge, the largest and longest lasting with
repeated serum 25(OH)D measurements. Thus, the
large number of subjects in the 7th survey excludes
lack of power as explanation for not finding a statis-
tically significant and consistent relation between
serum 25(OH)D and BP. The expected relations
found between serum 25(OH)D and its predictors like
intake of fat fish and cod liver oil, sun exposure and
BMI, and between BP and its predictors age and BMI,
also give the results internal validity.

In conclusion, concomitant with a substantial
reduction in BP from 1994 to 2015, there has in the
Tromsø study been a loss of relation between
25(OH)D and BP which is hard to explain.
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