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Summary. Background: Vitamin D has potential anti-

thrombotic effects, suggesting that vitamin D analogs

could be used as adjunctive antithrombotic agents.

However, epidemiologic evidence of an association

between reduced 25-hydroxyvitamin D concentrations

and the risk of venous thromboembolism is lacking.

Objectives: To test the hypothesis that reduced plasma

25-hydroxyvitamin D concentrations are associated with

an increased risk of venous thromboembolism in the

general population. Methods: We prospectively studied

18 791 participants from the Copenhagen City Heart

Study and the Copenhagen General Population Study.

During up to 30 years of follow-up, 950 participants were

diagnosed with venous thromboembolism. Plasma

25-hydroxyvitamin D concentrations were adjusted for

seasonal variation. Results: The cumulative incidence of

venous thromboembolism as a function of age increased

with decreasing tertiles of seasonally adjusted plasma

25-hydroxyvitamin D (log-rank trend: P = 4 9 10�4). On

comparison of participants in the lowest and the highest

tertile of plasma 25-hydroxyvitamin D concentrations, the

crude risk estimate in a model adjusted for age and sex

was a 37% (95% confidence interval [CI] 15–64%)

increased risk of venous thromboembolism. The

corresponding risk increase in a model adjusted for age,

sex, body mass index, smoking and cancer was 26%

(95% CI 5–51%), and in a multivariable-adjusted model

also including physical activity, hormone replacement

therapy, menopausal status, oral contraception use and

lipid-lowering therapy it was 28% (95% CI 6–53%).

Furthermore, corresponding risk increases with attempts

to correct for regression dilution bias were 103%

(95% CI 37–202%), 70% (95% CI 14–155%) and 73%

(95% CI 15–160%) in the three models, respectively.

Conclusion: In these large general population studies, we

observed a stepwise increasing risk of venous

thromboembolism with decreasing tertiles of seasonally

adjusted plasma 25-hydroxyvitamin D concentrations.

Keywords: 25-hydroxyvitamin D, population study, pro-

spective study, venous thromboembolism, vitamin D,

vitamin D deficiency.

Introduction

Venous thromboembolism and atherosclerotic disease

may be more closely related than previously thought, e.g.

through thrombosis formation [1–3]. Reduced 25-hydrox-

yvitamin D, which is generally accepted to be the best

marker of a vitamin D-deficient state [4], has, in several

epidemiologic studies, been associated with an increased

risk of atherosclerotic disease in the coronary arteries

[5–7], cerebral arteries [8–10], and peripheral arteries [11].

The mechanisms proposed to drive these associations

have included reduced 25-hydroxyvitamin D concentra-

tions leading to a prothrombotic state [12]. It has even

been suggested that vitamin D analogs could be used as

adjunctive antithrombotic agents [13]. However, there is a

lack of epidemiologic evidence on the association between

reduced 25-hydroxyvitamin D concentrations and the risk

of venous thromboembolism.
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In the present study, we therefore tested the hypothesis

that reduced 25-hydroxyvitamin D concentrations are

associated with an increased risk of venous thromboem-

bolism in the general population. We included 18 791

participants from the Copenhagen City Heart Study and

the Copenhagen General Population Study with baseline

plasma 25-hydroxyvitamin D measurements, and followed

them for up to 30 years.

Methods

The studies were approved by Danish ethical committees

(No. KF-V.100.2039/91 and H-KF-01-144/01), and con-

ducted according to the Declaration of Helsinki. Written

informed consent was obtained from participants.

Study cohorts

The Copenhagen City Heart Study is a prospective study

initiated in 1976–1978 with follow-up examinations in

1981–1983, 1991–1994, and 2001–2003 [14]. The Copenha-

gen General Population Study is a prospective study initi-

ated in 2003, with ongoing enrollment [15]. Both cohorts

represented the general population of Copenhagen,

Denmark, and all endpoints were ascertained from 1976

to May 2011. Participants were randomly selected from

the national Danish Civil Registration System to repre-

sent the Danish general population aged 20–100 years

from Copenhagen and suburbs. There is no overlap of

participants between the two studies. At each examina-

tion, participants completed a questionnaire, underwent a

physical examination, and provided blood samples. We

included a total of 18 791 participants: 10 170 from the

1981–1983 examination of the Copenhagen City Heart

Study (participation rate of 56%), and 8621 from

the Copenhagen General Population Study examined in

2004–2005 (participation rate of 50%), all without a prior

history of venous thromboembolism and with plasma

available for 25-hydroxyvitamin D measurement. The

mean follow-up time until May 2011 was 13 years (range:

0–30 years). All participants were followed from baseline

in 1981–1983 or in 2004–2005 until the occurrence of

venous thromboembolism (n = 950), death (n = 7171),

emigration (n = 99), or May 2011, whichever came first.

Follow-up was 100% complete; that is, we did not lose

track of even a single individual.

Endpoint

Without knowledge of 25-hydroxyvitamin D concentra-

tions, information on diagnoses of deep vein thrombosis

(World Health Organization; International Classification

of Diseases, 8th edition, codes 451.00, 451.08–09, 451.90,
451.92, 671.01–03, and 671.08–09, and 10th edition, codes

I80.1–3, 022.3, and 087.1) and pulmonary embolism (8th

edition, codes 450.99 and 973.99, and 10th edition, codes

I.26.0, I26.9, and 0.88.2) were obtained from the national

Danish Patient Registry and the national Danish Causes

of Death Registry. Participants with either deep vein

thrombosis, pulmonary embolism or both were coded as

having venous thromboembolism, as done previously [16–
18]. The diagnostic criteria used were ultrasonography or

venography in the case of deep vein thrombosis, and ven-

tilation/perfusion scintigraphy, ventilation/perfusion com-

puted tomography and/or computerized tomographic

pulmonary angiography in the case of pulmonary embo-

lism. Register-based diagnoses of venous thromboembo-

lism in Denmark have previously been validated, with an

overall positive predictive value of a discharge diagnosis

of venous thromboembolism of 55–72% [16,19].

Biochemical analysis

Plasma 25-hydroxyvitamin D was measured without

knowledge of venous thromboembolism, by use of a com-

petitive chemiluminescence immunoassay (DiaSorin, Still-

water, MN, USA), with intra-assay and inter-assay

coefficients of variation of 10% and 11% for controls with

a concentration of ~ 40 nmol L�1, and a lower detection

limit of 10 nmol L�1; 1.7% of samples were below this

limit, and were assigned a concentration of 7.5 nmol L�1

for statistical analyses. Plasma 25-hydroxyvitamin D con-

centrations were measured during January 2010 to April

2012, using samples stored at � 20 °C (Copenhagen City

Heart Study) or � 80 °C (Copenhagen General Popula-

tion Study) without previous thawing or exposure to sun-

light; values were not normalized to fresh control samples;

however, our mean levels of 45 nmol L�1 were similar to

those measured by others [9,20].

Other covariates

Analyses were adjusted for covariates known to influence

25-hydroxyvitamin D levels or the risk of venous throm-

boembolism. Body mass index was expressed as measured

weight in kilograms divided by measured height in meters

squared, and was used on a continuous scale for adjust-

ment, and coded categorically as low (< 25 kg m�2) or

high (� 25 kg m�2) for stratification. Smoking status

was classified categorically as never, current or former

smokers, or on a continuous scale as packyears smoked.

Information on any cancer diagnosis was obtained from

the national Danish Cancer Registry, which captures

98% of all cancers in Denmark [21]. Physical activity for

adjustments was classified as physical activity during

work (five categories) and during leisure time (four cate-

gories), and for stratification was coded in one variable as

low or high; low physical activity was predominantly sed-

entary work and < 2 h of leisure time physical activity

per week, and high physical activity was predominantly

heavy manual work and/or > 2 h of leisure time physical

activity per week. Hormone replacement therapy, meno-
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pausal status, use of oral contraception and lipid-lowering

therapy were all self-reported.

Statistical analyses

Data were analyzed with STATA/SE (StataCorp, College

Station, Texas, USA). To adjust for seasonal variation in

plasma 25-hydroxyvitamin D levels, we assigned partici-

pants to percentiles of plasma 25-hydroxyvitamin D con-

centration by month of sample collection; this has been

shown to be a valid method for adjustment for seasonal

variability in a biomarker when only a single sample is

available [22]. Participants were grouped according to

plasma 25-hydroxyvitamin D levels into tertiles, with the

highest tertile as a reference group.

We plotted cumulative incidence of venous thromboem-

bolism against age with the Kaplan–Meier method, and

used log-rank trend tests across seasonally adjusted tertile

groups of plasma 25-hydroxyvitamin D concentrations

(coded as 1, 2, and 3). For test of trend in Cox regression

models (see below), we likewise categorized tertile groups

coded as 1, 2, and 3; we tested for linearity by including

a squared 25-hydroxyvitamin D tertile group, and found

no evidence of non-linearity.

We used Cox proportional hazard regression models

with age as a time scale, implying that age is automati-

cally adjusted for, and the use of left truncation (delayed

entry) to examine the association between seasonally

adjusted tertile groups of plasma 25-hydroxyvitamin D

concentrations and risk of venous thromboembolism; left

truncation means that participants only entered into the

Cox model at their age at examination in 1981–1983 or

2004–2005, when blood for 25-hydroxyvitamin D mea-

surement was drawn. Multivariable Cox regression analy-

ses included in one model adjustment for age, sex, body

mass index, smoking, and cancer, and in another model

adjustment for age, sex, body mass index, smoking, can-

cer, physical activity, hormone replacement therapy, men-

opausal status, oral contraception use, and lipid-lowering

therapy. For adjustments, age and body mass index were

on a continuous scale, smoking was in three groups (cur-

rent, former, and never), physical activity was in nine cat-

egories, and the remaining covariates were dichotomized.

We tested the assumption of proportional hazards graphi-

cally by plotting – ln (survival probability) against ln

(analysis time). Suspicion of non-parallel lines was further

tested by using Schoenfeld residuals; however, we did not

detect major violations of the proportional hazard

assumption. Missing values in the body mass index

(n = 126), smoking (n = 154), physical activity (n = 312)

and menopausal status covariates (n = 9) were imputed

by using multivariable normal regression imputation,

where age at baseline and sex were independent variables

in the model. Hazard ratios including 95% confidence

intervals (CIs) were corrected for regression dilution bias

with a non-parametric method [23]; this correction

influences the magnitude of the hazard ratios and CIs,

but does not affect the significance level or the direction

of the association. We used 25-hydroxyvitamin D values

from 400 individuals without chronic diseases who

attended both the baseline 1981–1983 examination and

the 2001–2003 examination of the Copenhagen City Heart

Study, to compute a regression dilution ratio of 0.45.

Interaction between tertile groups of seasonally

adjusted plasma 25-hydroxyvitamin D concentrations and

venous thromboembolism was evaluated by including

two-factor interaction terms, one at a time, in the multi-

variable Cox regression model.

Results

Table 1 and Table S1 show baseline characteristics of the

18 791 participants from the Copenhagen City Heart

Study (n = 10 170) and the Copenhagen General Popula-

tion Study (n = 8621), both representing the Danish gen-

eral population. During follow-up, 950 venous

thromboembolic events occurred. Seasonal variation in

venous thromboembolic events and plasma 25-hydroxyvi-

tamin D concentrations are shown in Fig. 1: there was no

specific pattern in the seasonal variation for venous

thromboembolism, whereas, for 25-hydroxyvitamin D

concentrations, we observed the lowest concentrations in

February and the highest in September.

The cumulative incidence of venous thromboembolism

as a function of age increased with decreasing tertiles of

seasonally adjusted plasma 25-hydroxyvitamin D concen-

trations (log-rank trend, P = 4 9 10�4) (Fig. 2).

Decreasing tertiles of seasonally adjusted plasma 25-hy-

droxyvitamin D concentrations were associated with a

stepwise increasing risk of venous thromboembolism

(Fig. 3, left column: P for trend, 5 9 10�4 to 9 9 10�3).

On comparison of participants with plasma 25-hydroxyvi-

tamin D concentrations in the lowest tertile with partici-

pants with plasma 25-hydroxyvitamin D concentrations

in the highest tertile, the crude risk estimate in a model

adjusted for age and sex was a 37% (95% CI 15–64%)

increased risk of venous thromboembolism. The corre-

sponding risk increase in a model adjusted for age, sex,

body mass index, smoking and cancer was 26%

(95% CI 5–51%), and in a multivariable-adjusted model

also including physical activity, hormone replacement

therapy, menopausal status, oral contraception use and

lipid-lowering therapy it was 28% (95% CI 6–53%)

(Fig. 3). Furthermore, the corresponding risk increases

with attempts to correct for regression dilution bias were

103% (95% CI 37–202%) in the model adjusted for age

and sex, 70% (95% CI 14–155%) in the model adjusted

for age, sex, body mass index, smoking, and cancer, and

73% (95% CI 15–160%) in the multivariable-adjusted

model (Fig. 3).

In a sensitivity analysis restricted to events occurring

between 1995 and 2011, with potentially more reliable
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diagnosis of venous thromboembolism, the multivariable

and regression dilution bias adjusted risk for lowest vs.

highest tertile of 25-hydroxyvitamin D was increased by

176% (95% CI 42–436%) (Fig. 3, right panels). In a

further sensitivity analysis with follow-up time restricted

to the first 5 years, and thus with substantially less sta-

tistical power and possibly less reliable diagnosis of

venous thromboembolism, corresponding risk estimates

were similar in magnitude to the overall risk estimates,

but insignificant for all three models (Fig. S1). Finally,

in a sensitivity analysis using a smoking variable on a

continuous scale (packyears smoked) in the multivari-

able-adjusted models instead of a categorical smoking

variable, risk estimates were more extreme than in the

previously reported multivariable adjusted models

(Fig. S2).

In stratified analyses, participants in the lowest tertile

of seasonally adjusted 25-hydroxyvitamin D concentra-

tions had an increased risk of venous thromboembolism

as compared with those in the highest tertile in some indi-

vidual strata; however, in several strata, the individual

risk estimates did not reach statistical significance

(Fig. 4). Nevertheless, for all covariates, tests of

interaction between tertiles of plasma 25-hydroxyvita-

min D concentrations and covariates on risk of venous

thromboembolism did not show any evidence of interac-

tion (Fig. 4), implying that low 25-hydroxyvitamin D

concentrations are associated with an increased risk of

future venous thromboembolism irrespective of the pres-

ence or absence of the potential confounders studied.

Notably, however, the risk of venous thromboembolism

in smokers with the lowest vs. highest tertile of seasonally

adjusted 25-hydroxyvitamin D concentrations was

increased by 113% (95% CI 24–264%), whereas the

corresponding value in non-smokers was � 4%

(95% CI � 50% to 82%).

Discussion

In this large general population study including 18 791

participants, we observed an increasing risk of venous

thromboembolism with decreasing tertiles of seasonally

adjusted plasma 25-hydroxyvitamin D concentrations.

There are no previous similar studies. Although these

results are robust, they should not be taken to infer cau-

sality.

Mechanistically, the present findings can be explained

by several lines of evidence suggesting an important phys-

iologic role of the vitamin D system in the maintenance

of antithrombotic homeostasis. First, in vitamin D recep-

tor knockout mice mimicking a vitamin D-deficient state,

there is significant downregulation of the gene expression

of antithrombin in the liver and of thrombomodulin in

the aorta, and upregulation of the gene expression of tis-

sue factor in the liver and kidneys, overall leading to a

prothrombotic state; indeed, the development of exacer-

bated multiorgan thrombus formation upon exogenous

lipopolysaccharide injection is observed in this model

[24]. Also, in human aortic smooth muscle cells,

vitamin D analogs have been shown to modulate the

expression of plasminogen activator inhibitor-1, thrombo-

spondin-1, and thrombomodulin, leading to an overall

antithrombotic effect [25]. As the natures of atheroscle-

rotic disease and venous thromboembolism may not be as

separate as previously thought [2], and as the two diseases

share some common risk factors [1,26], it may be

Table 1 Baseline characteristics of participants from the Copenhagen City Heart Study and the Copenhagen General Population Study

Characteristics

The Copenhagen City

Heart Study

The Copenhagen General

Population Study Overall

Missing information,

N (%)

Number of participants 10 170 8621 18 791

25-Hydroxyvitamin D (nmol L�1) 44 (26–58) 46 (30–59) 45 (28–59) 0 (0)

Age (years) 57 (49–65) 57 (47–66) 57 (48–65) 0 (0)

Women (%) 56 53 55 0 (0)

Venous thromboembolism* 653 297 950 0 (0)

Deep vein thrombosis* 364 183 547 0 (0)

Pulmonary embolism* 289 114 403 0 (0)

Body mass index (kg m�2) 25 (22–28) 26 (23–28) 26 (23–28) 126 (0.7)

Current smoking (%) 58 27 43 154 (0.8)

Cancer* (%) 33 16 25 0 (0)

High physical activity† (%) 66 45 58 312 (1.7)

Hormone replacement therapy‡ (%) 16 7 10 0 (0)

Menopause‡ (%) 42 34 38 9 (0.05)

Oral contraception use‡ (%) 4 3 4 0 (0)

Lipid-lowering therapy (%) 0 8 3 0 (0)

Continuous variables are reported as median and interquartile range, and categorical variables are reported as percentages or as numbers for

the endpoints. Data are from the 1981–1983 examination of the Copenhagen City Heart Study and from the Copenhagen General Population

Study on participants examined in 2004–2005. Conversion factors: to convert plasma 25-hydroxyvitamin D in nmol L�1 to ng mL�1, divide by

2.496. *Number of events at the end of follow-up; some participants with pulmonary embolism also had deep vein thrombosis. †For details on
physical activity, see Table S1. ‡Women only.
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hypothesized that reduced plasma 25-hydroxyvitamin D

concentration could be yet another common risk factor.

Nevertheless, it is also a possibility that a reduced 25-hy-

droxyvitamin D concentration is merely a marker of

other common risk factors, such as smoking, obesity, and

old age. Indeed, we observed that smokers in the lowest

vs. highest tertile of seasonally adjusted 25-hydroxyvita-

min D concentrations had an increased risk of venous

thromboembolism, whereas this was not the case in non-

smokers. This makes biological sense, as smoking is a risk

factor for venous thromboembolism, and is also associ-

ated with reduced 25-hydroyxvitamin D concentrations;

however, in the present study, we did not find an indica-

tion of confounding of the association between 25-hy-

droxyvitamin D concentrations and the risk of venous

thromboembolism by heavy smoking when adjusting mul-

tivariably, including a smoking variable on a continuous

scale.

The strengths of the present study include the two large

prospective samples from a homogeneous general popula-

tion. Other strengths include the detailed information on

several potential confounders, a high participation rate,

an attempt to correct for regression dilution bias, a long

follow-up time with no loss to follow-up, a high number

of events, the use of registry-based diagnoses without

knowledge of plasma 25-hydroxyvitamin D concentra-

tions and measurement of plasma 25-hydroxyvitamin D

without knowledge of diagnoses of venous thromboembo-

lism. Finally, it is a strength that we assigned participants

into 25-hydroxyvitamin D tertiles, thus eliminating the

seasonal variation in 25-hydroxyvitamin D concentra-

tions. Seasonal variability in incident cases of venous

thromboembolism has previously been described, with an

increased incidence of venous thromboembolism in winter

[27]. In the present study, we did not find such seasonal

variation, in agreement with another study [28]; however,

the lack of seasonal variation in these studies (including

950 and 2666 cases, respectively) could be attributable to

them having less statistical power than the above men-

tioned meta-analysis including 23 469 cases [27].

Potential limitations include the fact that some degra-

dation of plasma 25-hydroxyvitamin D may have

occurred during storage at � 20 °C in the samples from

the Copenhagen City Heart Study; however, such a

potential degradation is unlikely to have affected the

results of the present study to a large extent, because 25-

hydroxyvitamin D has been observed to be minimally

degradable during storage at � 20 °C [29]. Furthermore,

samples from the Copenhagen General Population Study

were stored at � 80 °C, and there was no difference in

risk estimates between the two studies. Also, the mean

25-hydroxyvitamin D concentration in both studies was

similar, at 45 nmol L�1. Another potential limitation is

Log-rank trend test, P = 4 x 10–4
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Fig. 1. Seasonal variation in incident cases of venous thromboembo-
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general population, the Copenhagen City Heart Study and the

Copenhagen General Population Study. Whiskers represent plus one

standard deviation. The dashed line represents the overall mean of

plasma 25-hydroxyvitamin D concentrations of 45 nmol L�1.
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selection bias, which is also unlikely to have affected the

results in the present study to a large degree, as partici-

pants were randomly selected from the general population

in both studies. Yet another potential limitation is mis-

classification of venous thromboembolism diagnoses, as

some of these were based on clinical suspicion only, and

as objective methods, such as ultrasound and computed

tomography, were not widely available in the 1980s; how-

ever, such misclassification would probably be non-differ-

ential, and therefore only bias the results toward the null

hypothesis. An indication of a lower degree of non-differ-

ential misclassification with time in our study is that the

risk estimates of a sensitivity analysis with follow-up time

restricted to the period 1995–2011 are more extreme than

the risk estimates of the total follow-up period. This

could be explained by more reliable diagnosis of venous

thromboembolism over time, and therefore the true asso-

ciation between low 25-hydroxyvitamin D concentrations

and the risk of venous thromboembolism may be more

pronounced than the results of the total follow-up period

indicate. In addition, as covariates for adjustment were

only obtained at baseline, residual confounding could be

present. Also, by using regression dilution bias based on

samples taken 20 years apart, we may have overcorrected

the magnitude of the hazard ratios [23]; however, we also

provide the crude hazard ratios, and the real effect sizes

are probably in between the crude and regression dilution

corrected hazard ratios. Yet another limitation is that the

diagnoses of venous thromboembolism are register-based

and not validated individually. Finally, as plasma 25-hy-

droxyvitamin D concentrations differ between people

with different skin colors [30], and depend on the amount

of sun exposure, our results may not necessarily apply to

all people, but certainly would be applicable to other

populations with similar skin color and living in countries

with similar sun exposure as in northern Europe.

In conclusion, we observed a stepwise increasing risk

of venous thromboembolism with decreasing tertiles of
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Hazard ratio (95% confidence intervals), up to 30 years of follow-up Hazard ratio (95% confidence intervals), follow-up 1995–2011

Age, sex, BMI, smoking, 
and cancer adjusted

Age, sex, BMI, smoking, 
and cancer adjusted

Multivariable adjusted Multivariable adjusted 

49 090
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Estimates with regression 
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Fig. 3. Risk of venous thromboembolism as a function of seasonally adjusted tertile groups of plasma 25-hydroxyvitamin D concentration.

The left panels show results in the entire follow-up period (reported as both crude estimates and with attempts to correct for regression dilution

bias), and in the follow-up period 1995–2011 (only regression dilution bias corrected estimates reported). Multivariable adjustment was for age,

sex, body mass index (BMI), smoking, cancer, physical activity, hormone replacement therapy, menopausal status, oral contraception use, and

lipid-lowering therapy. Black dots represent hazard ratios, and error bars the 95% confidence intervals. P-values for trend test across tertiles

coded as 1, 2 and 3 were estimated with Cuzick’s extension of a Wilcoxon rank-sum test.
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seasonally adjusted plasma 25-hydroxyvitamin D concen-

trations. The consistent and stepwise increasing risk may

tempt us to suggest causality; however, one can not infer

causality from the present study. Therefore, randomized

intervention trials or Mendelian randomization studies are

needed to test the question of causality, and randomized

All

Age, years
<57 (49%)
≥57 (51%)

Sex
Women (55%)
Men (45%)

Body mass index, kg/m2

<25 (52%)
≥25 (48%)

Current smoking
No (57%)
Yes (43%)

Cancer
No (75%)
Yes (25%)

High physical activity
No (42%)
Yes (58%)

Hormone replacement therapy, women only
No (90%)
Yes (10%)

Menopause, women only
No (62%)
Yes (38%)

Oral contraception use, women only
No (96%)
Yes (4%)

Lipid lowering therapy
No (97%)
Yes (3%)

Study
CCHS (54%)
CGPS (46%)

1.73 (1.15–2.60)

1.81 (0.96–3.41)
1.72 (1.01–2.14)

2.16 (1.27–3.70)
1.32 (0.70–2.47)

1.36 (0.72–2.57)
2.26 (1.32–3.85)

0.96 (0.50–1.82)
2.13 (1.24–3.64)

1.59 (0.96–2.63)
2.12 (1.06–4.23)

2.05 (1.38–3.05)
1.27 (0.74–2.18)

1.60 (1.04–2.45)
3.00 (0.82–10.95)

1.34 (0.72–2.52)
2.13 (1.25–3.65)

1.81 (1.21–2.76)
0.03 (0.00–4.02)

1.70 (1.13–2.57)
4.77 (0.22–105)

1.70 (1.09–2.64)
2.01 (0.70–5.79)

Hazard ratio (95% confidence interval) for lowest versus highest 
tertile group of seasonally adjusted 25-hydroxyvitamin D concentrations

P interaction

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S

N.S.

N.S.

N.S.

105

10.95

0 1.0 2.0 3.0 4.0 5.0 6.0

Fig. 4. Risk of venous thromboembolism for the lowest vs. the highest tertile group of seasonally adjusted plasma 25-hydroxyvitamin D con-

centrations. Black diamonds represent hazard ratios, and error bars the 95% confidence intervals. Hazard ratios were adjusted multivariably

for age, sex, body mass index, smoking, cancer, physical activity, hormone replacement therapy, menopausal status, oral contraception use,

and lipid-lowering therapy. P-values are for the test of interaction between plasma 25-hydroxyvitamin D in tertiles and covariates with Bonfer-

roni correction: P-values were multiplied by 10 for the number of individual tests performed. NS, not significant, as the original P-value multi-

plied by 10 to account for multiple comparison was > 1.0. CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population

Study.
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trials with vitamin D supplementation are needed before

supplementation is implemented in the general population

or in selected patient groups to reduce the risk of venous

thromboembolism.
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