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Abstract
Objective  Vitamin K has proposed beneficial effects 
on cardiovascular health. We investigated whether 
serum vitamin K1 was associated with prevalence of 
microangiopathy and/or macroangiopathy.
Research design and methods  Serum vitamin K was 
quantified in 3239 individuals with and 3808 without 
diabetes enrolled in Vejle Diabetes Biobank (2007–2010). 
Each individual was assessed for microangiography 
and macroangiopathy at enrollment based on 
registered diagnoses in the Danish National Patient 
Registry according to the International Classification 
of Disease 8 (1977–1993) and 10 (since 1994). Using 
multinomial logistic regression, relative risk ratios 
(RRRs) were calculated within each group of individuals 
with and without diabetes. RRRs were estimated for 
microangiopathic/macroangiopathic status compared with 
individuals without complications as a function of 1 nmol/L 
increments in K1. Adjustment for potential confounders was 
also performed.
Results  Vitamin K1 (median) varied 0.86–0.95 nmol/L 
depending on diabetes, microangiopathic and 
macroangiopathic status. In individuals with diabetes, 
the crude RRR for only having microangiopathy was 1.05 
(95% CI 0.98 to 1.12) and was found significant when 
adjusting 1.10 (95% CI 1.01 to 1.19). RRR for having only 
macroangiopathy was 0.89 (95% CI 0.77 to 1.03) and 
was again significant when adjusting 0.79 (95% CI 0.66 
to 0.96). In individuals without diabetes, adjustments 
again led to similar estimates that was not significant. The 
adjusted RRR for having only macroangiopathy was 1.08 
(95% CI 0.98 to 1.19).
Conclusions  Serum vitamin K1 levels were associated 
with microangiopathic and macroangiopathic status in 
individuals with diabetes, but considered of no clinical 
relevance. The clinical value of other candidate markers for 
vitamin K status needs to be evaluated in future studies.

Introduction
A growing body of evidence supports bene-
ficial effects of vitamin K on cardiovascular 
health.1–4 This may be particularly important 
for certain high-risk groups. As an example, 
low plasma vitamin K1 has been demonstrated 

to be associated with an increased risk of 
cardiovascular diseases (CVDs) in individuals 
treated for hypertension whereas this associ-
ation with CVD could not be found in those 
not treated for hypertension.5 6

The vitamin Ks are a family of very fat-soluble 
molecules, and vitamin K1 (phylloquinone) 
is the most abundant form in the Western 
diet, mainly found in green leafy vegetables 
and some vegetable oils.6 7 In addition to K1, 
the vitamin K family also includes vitamin 
K2. The vitamin K2s are further subdivided, 
MK-n, with n indicating the number of prenyl 
units in the side chain. Moreover, there are 
several vitamin K–dependent proteins, like 
for example undercarboxylated osteocalcin 
or undercarboxylated-dephosphorylated-
matrix Gla protein that also might serve as 
biomarker for vitamin K status.

Vitamin K is thought to exert a protective 
effect on CVD by reducing vascular calcifi-
cation, through its function as a cofactor in 
the carboxylation of MGP, an inhibitor of 
vascular calcification. Carboxylated MGP 
is capable of chelating calcium and thereby 
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be evaluated in future studies.
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preventing calcium phosphate crystals from forming 
precipitate on the fibrous elements.7 This formation of 
crystals is normally enhanced by glycosylation of lipopro-
teins and increased oxidative stress seen in individuals 
with diabetes.8 Individuals with diabetes are known to be 
predisposed to atherosclerosis and to have an increased 
morbidity and mortality mainly due to CVD.9 Thus, these 
individuals might be especially susceptible to insufficient 
vitamin K status in relation to the development of athero-
sclerosis,1 and identification of individuals with insuffi-
cient vitamin K status may be used to identify high-risk 
groups. It has previously been described how biomarkers 
of CVD contribute to risk prediction in individuals with 
diabetes.10 Vitamin K1 is one of the predominant forms of 
vitamin K in blood and serum concentration of vitamin 
K1 could potentially serve as an indicator of vitamin K 
status.11

Results of studies of the association between arterial 
calcification and serum vitamin K1 have been inconsis-
tent,12 13 and methods of measure vary: some measure 
vitamin K status using food questionnaires and others 
measure vitamin K1 concentration directly in the blood, 
but with too low sensitivity. In addition, no studies have 
described effects of vitamin K1 on cardiovascular health 
in individuals with diabetes.

The present study aimed to determine the associa-
tion between serum vitamin K1 level and the presence of 
microangiopathic or macroangiopathic diseases in both 
individuals with and without diabetes, using a newly vali-
dated in-house developed highly sensitive liquid chro-
matography–tandem mass spectrometry (LC-MS/MS) 
method for measuring serum vitamin K1.

14

Research and design methods
Study population and samples
The present study was based on serum samples from 
individuals with diabetes and age-matched and gender-
matched individuals, enrolled in the Vejle Diabetes 
Biobank (ie, individuals without diabetes were divided 
into 10-year age intervals and gender matched to the 
diabetes population, subsequently randomly selected). 
All participants were Caucasians between 25 and 75 years 
of age, as of the date per December 31, 2006. A total of 
3320 individuals with diabetes (599 with type 1 diabetes 
and 2721 with type 2 diabetes) and 4255 without diabetes 
were included in the biobank. Samples were collected 
during 2007 through 2010. Participants were asked to 
live and eat as usual 3 days prior to their appointment for 
entering the biobank and to fast overnight from 22:00 the 
evening before. Blood sampling took place between 7:15 
and 9:30 and serum samples were separated, aliquoted 
and subsequently stored at –80°C until analysis. Details 
on the Vejle Diabetes Biobank has previously been 
described in detail.15 All available samples made up the 
study population for this study, which in total were 7047 
individuals; respectively 3239 individuals with and 3808 
without diabetes.

Danish registers
In Denmark, all citizens are assigned a unique 10-digit 
civil personal register number by which they are regis-
tered in the Danish Civil Registration System.16

The Danish National Patient Register contains infor-
mation on all inpatient and outpatient contacts in Danish 
hospitals since 1977 and 1995, respectively. The diag-
nosis information in the register is coded according to 
the International Classification of Disease (ICD) system 
8 (1977–1993) and 10 (since 1994).17 The civil personal 
register number assigned to all individuals in Denmark 
were used to link the vitamin K1 results to each partici-
pant in the Vejle Biobank.

Definition of microangiopathic and/or macroangiopathic 
diseases
The existence of microangiopathic and/or macroan-
giopathic disease when enrolled in the Vejle Diabetes 
Biobank was based on diagnostic codes (ICD-8 and 
ICD-10) assigned in the Danish National Patient Register 
from January 1, 1977 to December 31, 2016. Online 
supplementary table S1 includes a full list and defini-
tions of microangiopathic and/or macroangiopathic 
diseases used for this assessment. A pre-defined list from 
the Diabetes Impact Study of all the codes of diagnoses, 
treatments and interventions qualifying for the diagnosis 
of diabetes and related complications was primarily used 
when making the list in online supplementary table S1.18

The following categories were used: “No micro- or 
macroangiopathy”, “Only microangiopathy”, “Only 
macroangiopathy”, “Micro- & macroangiopathy” and 
“Unspecific”, respectively (figure  1). Individuals could 
have one or more registered diagnosis qualifying for 
the “Micro- & macroangiopathy” group. They could for 
instances have one microangiopathic and one macroan-
giopathic diagnosis or a single operational code that qual-
ified as both microangiopathic and macroangiopathic 
disease, that is, for a type of amputation. Individuals 
in the “Unspecified group” had one or more diabetes-
related diagnosis not specified and therefore impossible 
to assign any of the other categories.

Vitamin K1

An in-house developed, automated and highly sensi-
tive LC-MS/MS method was used for measuring serum 
vitamin K1. The method has been thoroughly validated 
and described in detail.14 It has a limit of quantitation of 
0.05 nmol/L. The samples were analyzed between June 
2018 and February 2019.

Other covariates
Potential confounders were selected a priori for cardio-
vascular and lifestyle risk factors known from existing 
literature and clinically plausible criteria.6 19 Included 
variables were age at enrollment, body mass index, blood 
pressure (systolic), low-density lipoprotein, triglycerides, 
HbA1c, estimated glomerular filtration rate, gender 
(male/female), waist:hip ratio (under cut-off/above; 
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Figure 1  Study population. Subgroups were formed based on the existence of microangiopathic and macroangiopathic 
diagnoses.

cut-off: ≥0.90 (male); ≥0.85 (female)20), smoking 
(current, former, never), alcohol consumption (below/
above recommended maximum weekly consumption 
in Denmark (limit for women 14, men 21 units (12 g 
pure alcohol)), exercise (yes/no, self-reported), lipid-
lowering drugs (yes/no), platelet inhibitor treatment 
(yes/no), vitamin K antagonist treatment (yes/no) and 
comorbidity (malabsorption: Crohn’s disease (diagnosis 
DK50), Ulcerative colitis (diagnosis DK51), Intestinal 
malabsorption (diagnosis DK90) within 10 years before 
enrollment (yes/no)).

Statistical analysis
We described the study population by anthropomet-
rics, lifestyle factors and previous diagnosis according to 
microangiopathic and macroangiopathic status stratified 
by diabetes status. Baseline characteristics were reported 
by median (25th–75th quartiles) or as number (%) of 
subjects. We compared disease status by Kruskal-Wallis 
test. Here, the same categories of the individuals with 
and without diabetes were compared (eg, no microangi-
opathy and macroangiopathy vs no microangiopathy and 
macroangiopathy), as were the “no micro- & macroan-
giopathy” category to each of the microangiopathy and 
macroangiopathy categories within the same diabetes 
status.

We used the serum vitamin K1 as a continuous variable 
for the following multinomial logistic analyses.

To estimate relative risk ratios (RRRs), we have used 
multinomial logistic regression which assumes indepen-
dent observations and linearity for continuous explan-
atory variables but that does not assume an underlying 

Gaussian distribution for neither outcome variables 
nor residuals. RRRs were estimated within the group 
of individuals with and without diabetes, respectively: 
RRRs were estimated for microangiopathic/macroan-
giopathic status with no complications as a function of 
1-unit (nmol/L) increments in K1 values. Adjustments 
were made for potential confounding variables stratified 
by diabetes status.

We performed sensitivity analyses on the following 
groups from the cohort (analysis performed on a total 
of N individuals with/without diabetes, respectively): 
(1) individuals not in lipid-lowering treatment (N: 
929/3110), (2) individuals in lipid-lowering treatment 
(N: 2193/589), (3) individuals not in vitamin K antag-
onist treatment (N: 2975/3638) and (4) individuals 
not in platelet inhibitor treatment (N: 1708/3289). 
We also performed the analysis on the full cohort (5) 
adding an adjustment variable for platelet inhibitors (N: 
3239/3808) and (6) adjusting for platelet inhibitors and 
interaction between platelet inhibitors and vitamin K1 
(N: 3239/3808).

Statistical tests were two tailed, and the significance 
level was set at 5%.

All statistical analyses were conducted in Stata/SE 
V.15.0 for Windows (version 2017; StataCorp LLC, 
College Station, TX, USA).

Results
Participants
All results are presented for individuals with and 
without diabetes separately. The baseline characteristics 
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according to microangiopathic/macroangiopathic status 
for the study populations are presented in table 1.

The prevalence of individuals registered with only 
microangiopathy was almost fourfold higher in the group 
with diabetes compared with the group without diabetes, 
in total 349 (11%) and 113 (3%) individuals, respectively. 
The same did not apply to individuals registered with 
only macroangiopathy, where similar prevalence of 263 
(8%) for individuals with diabetes and 262 (7%) without 
diabetes was found.

We found similar vitamin K1 levels for both individuals 
with and without diabetes with median serum vitamin K1 
levels varying from 0.86 to 0.95 nmol/L between all the 
categories (both in respect to diabetes status and micro-
angiopathic and/or macroangiopathic status).

Figure 2 illustrates the median and variation in serum 
vitamin K1 according to microangiopathic and/or 
macroangiopathic status. Examination of the difference 
between the categories showed no significant difference 
between any of the categories compared.

Main association results
In individuals with diabetes, the crude RRR for only 
microangiopathic status increased 5% (RRR 1.05, 95% CI 
0.98 to 1.12) for each increase in serum vitamin K1 (unit 
nmol/L) (table  2). Crude estimates for the “Micro- & 
macroangiopathy” and “Unspecified” categories were 
similar hereto. For the association between serum vitamin 
K1 and macroangiopathy, we found a RRR of 0.89 (95% 
CI 0.77 to 1.03).

Mutual adjustments for all categories led to similar esti-
mates, where the only significant estimates were RRR for 
having only microangiopathy or only macroangiopathy. 
The RRR for having only macroangiopathy changed the 
most to 0.79 (95% CI 0.66 to 0.96).

In individuals without diabetes, the crude RRR for only 
microangiopathic status increased 3% (RRR 1.03; 95% CI 
0.96 to 1.11) for each increase in serum vitamin K1 (unit 
nmol/L) (table  2). Crude estimates for only macroan-
giopathic status was similar hereto. For the association 
between serum vitamin K1 and “Micro- & macroangiop-
athy” category, we found a RRR of 0.63 (95% CI 0.33 to 
1.20). Mutual adjustments for all categories led to similar 
estimates.

The results from the sensitivity analysis are shown in 
online supplementary tables 2 and 3.

All the sensitivity analyses showed consistent results 
with the main analysis.

Conclusions
In this cohort of 3239 individuals with diabetes and 3808 
without diabetes, we found the median serum vitamin 
K1 concentration varied from 0.86 to 0.95 nmol/L 
depending on diabetes status and microangiopathic 
and/or macroangiopathic status (table  1). For individ-
uals with diabetes, there were indications that the serum 
vitamin K1 level was associated to microangiopathic and 

macroangiopathic disease status, though the impact of 
the vitamin K1 was low and therefore do not indicate that 
serum vitamin K1 level is useful as a marker of microan-
giopathic and/or macroangiopathic disease status.

The main strength of the study is that the serum 
vitamin K1 has been determined with the most sensitive 
method available at present in a large study population 
of individuals with and without diabetes, respectively. 
The Danish National Patient Register is a nationwide 
register containing information on all hospital contacts 
in Denmark, and due to the publicly funded healthcare 
system, it includes all inhabitants thereby minimizing 
risk of missing information.17 Being able to link these 
information to the extensive register of Vejle Diabetes 
Biobank containing rich information on anthropometric 
and lifestyle is a major strength of this study.

Several limitations need to be addressed. The major 
limitation of the study is that it still needs to be clari-
fied whether vitamin K1 is the right/best biomarker for 
vitamin K status. In addition to vitamin K1, the vitamin 
K family also includes vitamin K2. The vitamin K2s are 
further subdivided, MK-n, with n indicating the number 
of prenyl units in the side chain. Thus, a range of different 
subtypes of vitamin K2, as MK7 and MK4, are also candi-
dates to provide information regarding vitamin K status. 
Moreover, there are several vitamin K–dependent 
proteins, like for example undercarboxylated osteocalcin 
or undercarboxylated-dephosphorylated-matrix Gla 
protein that also might serve as biomarkers for vitamin 
K status. An additional limitation might be that we only 
had a single measurement of serum vitamin K1 and 
thus any information on day-to-day variation is missing. 
Serum vitamin K1 is known to be affected by the dietary 
intake of the vitamin,12 which may therefore change 
relatively quickly if the diet is altered. The half-life of 
vitamin K1 has previously been reported to be 1–2 hours, 
reaching baseline level again 8 hours after intake.21 For 
this reason, we used fasting blood samples as has been 
recommended previously.12 Vitamin K1 is mainly found in 
food that would be considered healthy. Hence, the lack 
of adjustment for dietary habits is a limitation. A gener-
ally healthier dietary lifestyle could be associated with less 
microangiopathic and/or macroangiopathic disease and 
not the vitamin K1 itself, even when statistical adjustment 
of other health factors like exercise and smoking have 
been made. On the other side, individuals with diabetes 
and microvascular and/or macrovascular disease could 
also have made dietary changes eating more vitamin K1 
after getting their diagnosis thereby at enrollment in Vejle 
Diabetes Biobank being higher in vitamin K1 than before 
their diagnosis. This would be blurring any potential 
beneficial effect of vitamin K1 on development of calci-
fication. This could be a residual confounder explaining 
why we generally see no large differences between our 
crude and adjusted models.

By using the pre-defined list from the Diabetes Impact 
Study,18 we have not included diagnosis codes used 
for peripheral arterial disease and hence potentially 
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Figure 2  Serum vitamin K1 in relation to diabetes and microangiopathic and macroangiopathic disease status. Serum vitamin 
K1 depicted graphically for each category for both individuals (A) with and (B) without diabetes. Differences between categories 
were examined by Kruskal-Wallis test, but none were found statistically different. Two outliers are left out due to very high level. 
No=no microangiopathy or macroangiopathy, Mi=only microangiopathy, Ma=only macroangiopathy, MiMa=microangiopathy 
and macroangiopathy, xx=unspecified.

Table 2  RRR (95% CI, p value) of serum vitamin K1 status with microangiopathic and macroangiopathic status among 
individuals with and without diabetes

N RRR (95% CI) P value

Individuals with diabetes

Crude model (n=3239)

 � Only microangiopathy 349 1.05 (0.98 to 1.12) 0.180

 � Only macroangiopathy 263 0.89 (0.77 to 1.03) 0.115

 � Microangiopathy and macroangiopathy 109 1.05 (0.96 to 1.15) 0.305

 � Unspecified 858 1.03 (0.98 to 1.09) 0.273

Adjusted model* (n=3122)

 � Only microangiopathy 337 1.10 (1.01 to 1.19) 0.022

 � Only macroangiopathy 252 0.79 (0.66 to 0.96) 0.016

 � Microangiopathy and macroangiopathy 107 1.05 (0.91 to 1.22) 0.507

 � Unspecified 815 1.06 (0.98 to 1.14) 0.132

Individuals without diabetes

Crude model (n=3808)

 � Only microangiopathy 113 1.03 (0.96 to 1.11) 0.418

 � Only macroangiopathy 262 1.04 (0.99 to 1.10) 0.086

 � Microangiopathy and macroangiopathy 29 0.63 (0.33 to 1.20) 0.163

Adjusted model* (n=3699)

 � Only microangiopathy 111 1.05 (0.95 to 1.17) 0.331

 � Only macroangiopathy 257 1.08 (0.98 to 1.19) 0.106

 � Microangiopathy and macroangiopathy 27 0.75 (0.38 to 1.47) 0.395

*Age at enrollment, body mass index, HbA1c, systolic blood pressure, low-density lipoprotein, triglycerides, estimated glomerular filtration 
rate, waist:hip ratio (within/above recommendations), gender, smoking status, alcohol (below/above recommended limit).
RRR, relative risk ratio.
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misclassifying some individuals that should have been 
assessed with macroangiopathic disease, though the list 
do include the operational and interventional codes. 
Moreover, despite the extensive information we have 
on the study population from The Danish National 
Patient Register, we may still miss some diagnoses given 
by general practitioner. This may introduce a bias, but 
the individuals who are most sick are seen in the hospi-
tals and therefore have diagnoses in the Danish National 
Patient Register. When we do not see any strong correla-
tions in individuals that are sickest, we do not expect to 
see anything in the other individuals either.

Ideally, individuals with and without diabetes should 
have been assessed equally for the presence of microan-
giopathy and/or macroangiopathy. The practice of using 
the unspecific complication code in connection with 
diabetes codes forced us to establish a fifth group exclu-
sively for individuals with diabetes. The extent to which 
this unbalanced assessment has induced bias is unknown, 
though when comparing the estimates of the Unspeci-
fied category to the others, they seem convincing.

No other studies have investigated the vitamin K1 
status by measuring the serum vitamin K1 concentra-
tion directly in individuals with diabetes in relation to 
microangiopathic and/or macroangiopathic disease. 
By measuring the indirect biomarker dephosphory-
lated uncarboxylated matrix Gla protein (dp-ucMGP), 
it has previously been suggested that a poor vitamin 
K status could be associated with increased CVD risk 
among patients with type 2 diabetes.1 There can be 
several explanations for the different results between 
the studies. First is the discrepancy between study 
design, with a difference in disease outcome and way 
of qualifying for disease. Second, the vitamin K status 
was quantified differently. The vitamin Ks are a family 
of structurally similar vitamins that may differ physi-
ologically22 23 and if investigating subtypes of vitamin 
K2, for example, MK7 and MK4, results might have 
been different. Moreover, as mentioned previously, 
vitamin K1 has a relatively short half-life21; therefore, 
the way vitamin K1 has been quantified is important, for 
example, in relation to fasting prior to blood sampling.

Previous studies using food questionnaires have 
reported a beneficial role of vitamin K1 in glucose 
homeostasis24 as well as a reduced risk of develop-
ment of type 2 diabetes.25 Also, hyperglycemia is a risk 
factor for microangiopathic and macroangiopathic 
complications.26 Since we did not find indications of 
serum vitamin K1 being strongly associated with neither 
diabetes status nor microangiopathic and/or macro-
angiopathic disease status, it is irrelevant to investigate 
further the predictive value of serum vitamin K1 in 
these contexts. In conclusion, our findings support that 
vitamin K1 status was associated to microangiopathic 
and macroangiopathic disease status in individuals with 
diabetes, although the impact of vitamin K1 was low and 
considered clinically insignificant. Serum vitamin K1 is 
not useful as biomarker of microangiopathic and/or 

macroangiopathic disease status in this cohort study. 
Still, other markers for vitamin K status might show 
clinical value as biomarkers for CVD status which needs 
to be evaluated in future studies.
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