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Abstract

Nutrients perform their roles either directly or through interaction with other
nutrients inside our body. The nature of interactions between nutrients can be
synergistic, which brings about maximum benefit to the host, or antagonistic,
i.e., one nutrient affects the uptake and availability of other nutrients in the
body. These interactions need to be critically analysed and acknowledged to
harness their positive health benefits. Combining nutrients having a synergistic
effect may help in lowering the threat of cardiovascular ailment, osteoporosis,
and other health issues. This study aims to qualitatively review the information
that is currently available upon the synergistic effects of co-supplementing
Vitamin D and K on bone and cardiovascular health among various age groups.
The methodology followed the PRISMA (Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses) guidelines. A structured search of two databases-
PubMed and Google Scholar—was carried out, and articles were identified that
focused upon the dual supplementation of Vitamin D and K, which has been
shown to improve bone and cardiovascular health among users. The search
was restricted to the English language, conducted, and published between
2006 and 2021. Overall, 12 studies involving 8216 participants were included
in the qualitative analysis. Among these, 5 were randomized controlled trials,
6 were observational studies, and 1 was interventional studies. The results
were interpreted based on improved bone health by assessing the progress in
Bone Mineral Content (BMC), lower extremity function, Bone Mineral Density
(BMD), and bone turnover. In contrast, improvement in cardiovascular health was
recorded based on the Carotid Intima-media Thickness (CIMT), arterialstiffness,
high systolic and diastolic blood pressure,and the structure of the heart. Out
of a total 12 studies, 11 studies showed that Vitamin D work in synergy with
Vitamin K and also has a significant role in improving bone fractures, low BMD,
and cardiovascular disorders. Further research and clinical trials on these
Vitamins in different age groups and disease conditions are warranted.
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Introduction

As the human population is becoming more and
more sensitive to a wide array of diseases, including
a hugerise in lifestyle disorders such as hypertension,
diabetes, obesity, and cancer, the awareness
regarding food as a means of disease prevention
and treatment is increasing. Consequently, the use
of food and dietary supplements as preventive and
therapeutic agents is being actively studied all over
the world. Most such studies to date have been
focused on individual nutrients and their effects
on the human body, but studying the interaction
between nutrients in food and the human body
is extremely important to ensure adequate nutrition
to the body and the prevention of diseases. The
nutrients mainly affect the human body either
directly or through interaction with other nutrients.
The interactions between nutrients can be synergistic,
which brings about maximum benefit to the host, or
antagonistic which is one nutrient negatively affects
the absorption and bioavailability of other nutrients
in the body."? It is very important to gain insights
into these interactions, particularly synergistic
type, to harness their positive health benefits and
to ensure that the body receives appropriate
nutrition. According to Jacobs and his co-workers,
the food synergy concept focuses on these
synergistic interactions, among dietary patterns,
food and food components that produce cumulative
or more than cumulative effects on the health.®
In many studies, it has been found that individual
or isolated nutrients are not as effective as whole
foods against diseases, such findings align with the
concept of food synergy.® Similarly, in comparison
with individual foods, consuming a synergistic
combination of foods provides greater health
benefits.* Additionally, understanding food synergy
is also essential for nutrition science personnel so
that maximum benefit from the micronutrients can
be derived, and any side effects from unsafe nutrient
combinations can be prevented.

Since most dietary advice focuses on individual
nutrients, the nutrient—nutrient interactions are often
ignored. However, the concept is very clear that the
nutrients interact chemically and biologically. The
Nutrition Society Spring Conference, 2018, one
research highlighted the need to advance research
to comprehend not only the outcomes of individual
nutrients but also their interactions and significance
for physiological function,and ultimately well-being.5

Micronutrient synergies are majorly categorized
into three types: mineral-mineral synergy, mineral-
Vitamin synergy, and Vitamin-Vitamin synergy.

Mineral-mineral synergy

This type of synergy mostly occurs at the metabolic
level. The most common example of such synergy
is the interaction between iron and copper. sufficient
concentration of copper in the body is needed for
proper iron utilization, and any deficiency of copper
hampers iron metabolism in body.® Some of the known
synergistic mineral-mineral interactions include the
interaction between potassium, magnesium, and
calcium; the combination when consumed together,
can help lower blood pressure and decrease the
chances of getting a stroke.” Also, the synergistic
interaction between potassium and sodium lower/
maintains the blood pressure.® Selenium and iodine
work in synergy® in the synthesis and metabolism
of thyroid hormone, and for the normal functioning
of the thyroid gland.™

Vitamin-Vitamin synergy

Vitamins are essential for multiple body functions
and their maintenance. They function as coenzymes
and are involved in the absorption and metabolism
of different nutrients, mainly proteins, carbohydrates,
and fats. Vitamins are synergistically engaged with
each other in many enzymatic reactions.'!"

Vitamin-mineral synergy

The synergy between Vitamins and minerals has
been identified in a variety of metabolic functions.
This interaction takes place in a variety of ways.
Action of the Vitamins on mineral metabolism, the
action of minerals on Vitamin metabolism, and their
combined role in the protection of the body."*

The synergistic effect of micronutrients can
provide multiple benefits to the body. For instance,
it increases the bioavailability of nutrients.* Vitamin
E and Vitamin C act synergistically to improve
each other’s absorption." Similarly, Vitamin C
increases iron absorption in the body.'?* The idea
of food synergy in the context of micronutrients
is highly reliant on bioavailability. The knowledge
of nutrient bioavailability can help and formulate
dietary recommendations for synergistic foods that
can easily be accepted by the general population.*
Moreover, the micronutrient synergy is proving
to be helpful in the treatment and prevention
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of non-communicable chronic diseases, such as
diabetes mellitus, cardiovascular diseases, obesity,
and cancer, and, research is intensively being
conducted to build the evidence-based foundation
for such claims.* Micronutrient synergy regulates
low-density lipoprotein (LDL) levels,™' improves
blood circulation and reduces inflammation in the
heart.’s Vitamin D and Vitamin K synergy improve
blood glucose metabolism in diabetic patients by
promoting insulin secretion from the pancreas and
stimulating the insulin receptor genes.* Certain
micronutrient combinations also play a key role in
cancer prevention, for example, Vitamin A and zinc
decreases the risk of non-cardia stomach cancer.*
There has always been a link between immunity,
infection and nutrition. A lot of diseases hamper
nutrient absorption and thus make the body less
immune against future infections. This way the
body enters in the vicious cycle of infection and
malnutrition. Some synergistic food combinations
act as immune boosters and help maintain a healthy
immune system.'®'7 Vitamins C and D, along
with zinc, are the micronutrients which showed
the synergistic support for immune system."”
Consumption of a nutrient in a concentrated or
bolus form as a supplement may have unintended
gastrointestinal effects. Food and micronutrient
synergy by its buffering and competitive actions can
control the entry and absorption of nutrients in the
human body and thus can prevent such adverse
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effects.? We have mentioned several examples
of the micronutrient synergy (mineral-mineral,
Vitamin-mineral, and Vitamin-Vitamin) showing
their importance human health. The concept
of food and nutrient synergy needs to be actively
explored and researched, because this will inform
and influence populations about key role played
by healthier food choices and dietary patterns
in preventing and treating lifestyle-related disorders.
With this background, we systematically reviewed
synergistic relationship in between Vitamins D and
K on the cardiovascular health and the maintenance
of bone health.

Vitamin D

It is a fat-soluble Vitamin and also a prohormone,
which acts as a precursor for hormone having
important function in calcium and phosphate
metabolism.™ It is chemically known as calciferol
and comprises of D2. ergocalciferol and D3.
cholecalciferol. The Figure 1 shows the various
structures of Vitamin D.

There are very few natural sources of Vitamin D,
therefore we have to fortify them with to counter the
global issue of Vitamin D deficiency.' The synthesis
of Vitamin D occurs with the exposure of body to
sunlight. Basically, it is synthesized in skin, liver,
and kidney and can be understood by the Figure.22°
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Fig. 1: Molecular structures of Vitamin D
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Fig. 2: Vitamin D synthesis in human body?

In human body, the Vitamin D synthesis starts
from the skin with exposure to ultraviolet-B
(UV-B) solar radiation (280-315 nm), which converts
7-dehydro cholesterol to pre Vitamin D,, which
then isomerizes into Vitamin D, or cholecalciferol.
Vitamin D, synthesized through skin or taken through
supplements and foods are further metabolized
into calcidiol or 25-hydroxy Vitamin D (25(OH)
D) in liver by 25-hydroxylase enzyme. 25(OH)D
is further converted in the kidneys to 1,25-dihydroxy
Vitamin D or calcitriol, which is the main hormonal
form of Vitamin D and is responsible for most
of its biological functions. Vitamin D level in the body
is generally determined by measuring the serum
level of calcidiol.

Vitamin D has several significant functions in the
body. For instance, it performs crucial role in blood
calcium regulation. Calcitriol, the active metabolite
of Vitamin D, increases calcium and phosphorus
absorption by intestine and simultaneously reduces
calcium excretion from kidneys. It contributes
to calcium deposition in the bones in indirect
way.?! It plays pivotal role in proper functioning of
immunomodulatory properties of the body.?? Calcitriol
inhibits PTH (parathyroid hormone) secretion from
the parathyroid glands.?? It also controls growth

of parathyroid gland.?® It might be vital for the
prevention and treatment of extra-skeletal diseases
including cancer?* There have been a lot many
researches that are focused on the concept that
Vitamin D can reduce diabetes risk by influencing
various pathways involved in the patho-physiology
of type 2 diabetes mellitus, including dysfunction
of pancreatic pB-cells, decreased insulin action, and
systemic inflammation.?® The fact that the receptors
of Vitamin D have been identified in almost all
immune cells and calcitriol (Vitamin D’s biologically
active form) can modulate immune responses,
further led scientist to link the deficiency of Vitamin
D with the increasing prevalence of autoimmune
diseases.?

Vitamin K

It is a fat-soluble Vitamin and was initially known
as “koagulation” (coagulation) Vitamin, because
upon discovery, it was found that the vitamin
was essential for preventing fatal haemorrhage
by promoting normal blood clotting.?" It exist is in two
naturally occurring forms. Phylloquinone (K1) and
Menaquinone (K2) (Figure 3). Menadione, which is
known as Vitamin K, is a precursor for Vitamin K2
/ menaquinone.
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Fig. 3:Chemical structures of Vitamin K

Nutritional source of Vitamin K, particularly
phylloquinone, is green leafy vegetables.
On the other hand, menaquinones can be found
in trace quantities in a number of fermented and
animal-based foods. Bacteria in the human gut
produce almost all menaquinones, particularly the
long-chain menaquinones.?” Vitamin K provides
several functions to the human body. For instance,
it facilitates the synthesis of blood clotting factors in
liver by acting as a cofactor for enzymes that convert
prothrombin into thrombin.2! Vitamin K is essential
for the metabolism of bone.? Osteocalcin, a calcium-
binding protein in bone, is synthesized with the help

of Vitamin K. Low intake of Vitamin D or low levels
of circulating Vitamin K have been linked with low
BMD and can increase the chances of hip fractures
in women.?' It also reduces osteo-clastogenesis
(the formation of bone resorbing cells).*

Very few systematic studies have been conducted
on the Vitamin-Vitamin synergism. The present
endeavour has been planned to assess the
synergistic effect of two most important vitamins
as D and K supplementation on the bone and
cardiovascular health.

Table 3: Study Selection Criteria

PICOS Inclusion Criteria Exclusion Criteria
Participants Human subjects Animal subjects or animal model-based
studies

Intervention Vitamin D &Vitamin K Any other supplementation
supplementation

Outcome Improved Bone Health and Any other outcome
Cardiovascular Health

Study setting Experimental studies: Reviews

Randomized controlled trials and

clinical trials; cohort studies
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Methodology

The present systematic review complied with
the recommendations specified in the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). We used online research
database platforms PubMed and Google Scholar for

845

extracting studies. The search was restricted to the
studies published from 2006 to 2021 (i.e., the past
15 years) in English language. Table 1 showed the
PICOS (inclusion and exclusion) criteria used during
the systematic review.

F
Records identified through Records identified through database
= database searching (PubMed) searching (Google Scholar)
2 (n = 436) (n=61)
3
=
=
o
=
L S .
Records after duplicates removed
(n=35)
- Records excluded
= =
E (n = 446)
5 + Review articles
o
Records screened (n=42)
(n=462) * Not in the field of
interest (n = 376)
| S * Full text not
— available (n = 28)
- Full-text articles
% excluded
=] Full-text articles assessed for (n=4)
eligibility *| « Insufficient data
(n=16) (n=2)
« Editorial (n=1)
* Intervention not
matching PICOS
(n=1)
T - . _—
= Studies included in qualitative
E synthesis
= (n=12)
| S

Fig. 4: Flowchart of selection process for eligible studies

The search strategy devised as per the PRISMA
guidelines involved thorough review of the titles
and abstracts, then review of the entire document
articles. The screening of studies was grounded on
the PICOS inclusion and exclusion criteria decided at

the start of the study. For this systematic review, the
relevant studies were extracted from the
online research database platforms by using
the main key words - "Vitamin D and Vitamin
K" related with their "synergy”, "interaction”,
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"supplementation”, "supplementation improved
bone health”, "supplementation reduced fractures”,
“supplementation improved osteoporosis”,
“supplementation for heart health”, and
“cholecalciferol and phylloquinone”. The initial
database search returned 497 articles (Figure
4), including 436 articles from PubMed and 61
articles from Google Scholar. Out of the total 497
articles, we removed 35 articles that were found
to be duplicate. The remaining 462 studies were
further screened by reading titles and abstracts, and
it yielded 16 articles for full-text review. Out of these
16, we further excluded 4 studies due to various
reasons. insufficient data, editorial, and intervention
not matching the inclusion criteria. Therefore, finally,
12 studies were selected for the qualitative analysis.
From the included studies, following information
was collected. study design, number of participants,
age range of the participants, duration of the study,
general health of the participants, intervention given
or parameters observed, and outcome of the study.

Results

As per the exclusion and inclusion criteria, 16 studies
were retrieved for full text screening. Out of these
16 studies, 12 met the inclusion criteria. Out of the
12 included studies, 5 of them were randomized
controlled trial, 6 were observational studies, and
1 was interventional studies. Most (four) of the
studies were conducted in the Netherlands, two in
Denmark, and one each in Canada, Czech Republic,
Iran, Turkey, the United States, and the United
Kingdom. Table 1 summarizes a component of the
systematic review. The study reported to have 20
to 5544 participants. The 12 studies reported data
from a total of 8216 participants whose age range
varies from 3 years to 85 years and included both
males and females. Out of the 12 studies, 5 included
healthy participants,®'-*> one study included post-
menopausal women,* one study did not mention the
health status of the participants,®” whereas 5 included
data from patients with different medical conditions.
classical galactosemia,® thalassemia major
patients suffering from Thalassemia Osteopathy
(TSOP),* patients suffering from diabetes along
with Coronary Heart Disease (CHD),* patients
exhibiting clinically significant depression symptoms
and one or more functional limitation,*' and patients
with Celiac Disease (CD).*? Out of the 12 studies,
8 studies?'32:35:36.38.39.42 gxamined the synergistic

relationship of VitaminD and K upon the bone
development, whereas 4 studies®33+3740 gssessed
their synergistic effect on cardiovascular health.

Results were interpreted based on improved
bone health by assessing the progress in BMC,
lower extremity function, BMD, and bone turnover,
on the other hand improvement in cardiovascular
health was evaluated based on CIMT, arterial
stiffness, hypertension, and cardiac structure.
After summarizing the randomized controlled trials
and clinical trials, the Table 2. Also focuses on
the cohort studies and observational prospective
studies based upon their synergistic relationship.
The summary of the individual studies has been
discussed below”

Improvement in Bone Health

Eight out of the 12 studies were focused on
finding the possibility of increasing BMD or bone
turnover by combining Vitamin D and Vitamin K.
These studies included participants of different age
groups and took into consideration other medical
conditions or co-morbidities as well. Seven out
of the 8 studies showed improvement in bone health
by way of increase in BMD. According to Bigel
and his co-workers, no significant improvement
in bone restoration was observed in post-menopausal
women.* One more research work showed that
both supplementations helped elderly persons with
their lower extremity function.®? After analyzing the
results of the 8 studies, it can clearly be concluded
that their combination showed synergistic effect on
bone health in all age groups with various medical
conditions such as CD, galactosemia, symptoms
of depression and functional impairment, and, on the
bone health in post-menopausal women.

The research conducted by Panis and his
colleagues® worked upon the impact Vitamin D, Kand
Ca on the bones of classic galactosaemic children.
One of the complications of galactosemia in children
is the decreased BMD and an inadequate deposition
of bone mass, which can promote osteoporosis and
fractures later in life. Vitamin D, is essential for bone
development and functions in a variety of ways to aid
calcium absorption. Similarly, as discussed before,
Vitamin K, is equally essential in bone metabolism,
a placebo-controlled, double-blind study
having 2-year clinical trials with two groups.
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One group received placebo and the second received
daily two tablets containing 5 ug Vitamin D,, 0.5 mg of
Vitamin K., and 375 mg calcium. The following factors
were analyzed at baseline and after in the beginning
of the study and then after a year of treatment:
BMC and body composition data, 1,25-dihydroxy
Vitamin D (1,250HD), markers of bone development
under-carboxylated and carboxylated osteocalcin
(ucOC and cOC respectively), bone resorption
markers, such as amino terminal telopeptide
and carboxy terminal telopeptide, and the bone
re-modelling marker insulin-like growth factor-l, total
zinc, magnesium, phosphorus and calcium. When
compared with the controls, children who received
calcium along with Vitamins K, and D, supplements
had shown significant improvement in BMC of the
lumbar spine. This results the synergistic outcome
highlights the impact of Vitamin D and K on BMD.

Bolton-Smith’s study,,, which was a random
controlled study conducted for 2 years, focused
over the role of both the Vitamins on the BMC of
healthy women older than 60 years. The study
consisted of 4 groups in which 244 participants were
randomly assigned. A placebo was administered to
one group, the second group received only Vitamin
K, (200 mg per day), group 3 received Vitamin D,
(400 IU per day) and calcium (1000mg), whereas
the last group (i.e., group 4) received a combination
of calcium, Vitamin D, and Vitamin K, at the same
levels as in group 2 and 3. The key finding of the
study showed the dietary supplementation with
a proper combination of nutritionally required levels
of Vitamin K, D, and Ca was linked to significantly
small increase in the BMC at trabecular bone among
healthy old aged women. The similar changes were
not noticed among either the Vitamin K or calcium
plus Vitamin D group implying that the combination
of Vitamins has a synergistic effect.

In a prospective mono-centric pilot study by
Ozdemir and co-workers,* they investigated the
impact of Vitamin K, and D supplements upon
patients having Thalassaemic Osteopathy (TOSP),
(including both osteopenia and osteoporosis). The
20 subjects included in the study were children
aged between 3 and 18 years and were affected
with B-thalassemia. All subjects were given a dietary
supplement consisting 50 mg menaquinone-7 and 5
mg Vitamin D, for 1 year. The combination of Vitamin
K, and Calcitriol showed strong positive impact upon
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BMD of lumbar spine of thalassaemic children over
a one-year period.

Blgel and co-workers*® conducted a 2-year study
on 31 post-menopausal women based on the
exclusion and inclusion criteria. It was a three-
stage, randomised cross-over intervention research.
The groups were as follows. (A) Placebo (common
diet without any known therapeuti value) (B)
supplementation of 200 mg phylloquinone (common
diet with supplementation of 200 mg phylloquinone/
day), (C) supplementation of 500 mg phylloquinone
(common diet with supplementation of 500 mg
phylloquinone/day).

Further, each subject was given 10 pg (400 I1U)
Vitamin D3/day. Different blood, urine, and bone
factors were assessed during the course of
investigation. Analysis of the parameters proclaim
anincrease in Vitamin K status after the intervention.
Although, the supplementation of phylloquinone in
postmenopausal women significantly decreased the
ucOC, although, No significant difference had been
observed on bone turnover of the post-menopausal
women during and after the course of study.

Van Ballegooijen and co-workers*' carried
a randomised, double-blind, placebo-controlled
clinical trial to determine the impact of Vitamin D
supplementation on Vitamin K status by assessing
the plasma matrix GLA protein, which is a biomarker
of functional Vitamin K status.** The participants
in the study of 60 to 80 years of age and were
suffering from major clinical depressive indications
and functional limitations. The primary result showed
no significant increase or improvement in Vitamin
K status after 6 months. However, when the results
were sensitively analyzed by excluding multi Vitamin
users and Vitamin K antagonists, the difference
between the two intervention groups was significant,
i.e., there was an increase in the concentration
of des-phospho-uncarboxylated matrix Gla protein
(dp-ucMGP) and ultimately deficit in Vitamin K
and consuming the supplements of Vitamin D.
This implies that a synergy exists between Vitamin
K and Vitamin D.

Shea and co-workers® analyzed two independent
cohorts vitamin D & K for better function of the lower
part of the body. In one of the cohort, nutrient status
was assessed by measuring Vitamin levels in the
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blood and Vitamin K, whereas in other cohort, the
assessment of nutrient status was done with the
help of Food Frequency Questionnaires (FFQ).
In the study 1, the lower-extremity function was
evaluated using 20-metre gait speed and a SPPB
(Short Physical Performance Battery), in contrast
in study 2, the functionality of the lower extremities
was evaluated using the standard method. In the
analysis it was found that participants with sufficient
amount of both the vitamins had better test scores
for the lower-extremities function. This study proved
the synergistic benefit of both the Vitamins on
bone and joint functioning, which suggests that the
co-supplementation can help in the treatment and
prevention of knee osteoarthritis.

In an observational trial, Mager and colleagues*?
investigated the relationships between BMD
and Vitamin D and Vitamin K status in kids and
adolescents. Kids with CD were having increased
risk of low BMD caused due to several factors
such as - inadequate nutritional intake due to
having gastrointestinal problems (pain, diarrhoea,
and nausea), a low ability to absorb fat-soluble
Vitamins and the occurrence of chronic inflammation,
which impairs bone metabolism.*® Different blood
parameters, such as markers of Vitamin D and K
sufficiency as well as BMC and BMD were assessed
at baseline (i.e., as soon as CD was diagnosed) and
after 1 year of following GFD. Analysis revealed that
children with CD are more likely to have poor bone
health when they are deficient in Vitamin D as well
as Vitamin K+), demonstrating a synergistic effect
between the two nutrients.

In an association study conducted by O'Connor
and co-workers®* among 223 Danish girls (11 - 12
years), investigated associations between the status
of K indicator serum % ucOC (under carboxylated
osteocalcin) and BMC and biochemical markers
of bone turnover.

The authors selected this age group because the
peri-pubertal stage is considered as a complicated
stage of bone formation, so it gives a crucial window
of opportunity for the status of Vitamin K to alter the
health of developing bones in children.

In this study, the estimation of the status of Vitamin
K was done by the means of serum %uc OC, while
the intakes of Vitamin D and calcium were calculated

through dietary assessments using food frequency
questionnaires. The BMC of the entire body and the
lumbar spine were found to be positively correlated in
this study which was conducted among 11-12-year-
old girls with improved Vitamin K status, which
was indicated by a lower percent ucOC.

Improvement in Cardiovascular Health

Four out of the 12 studies investigated the influence
of consuming Vitamin D and K supplements together
upon the cardiovascular health. The studies
assessed different cardiovascular parameters such
as arterial stiffness, systolic pressure and diastolic
pressure, hypertension, and cardiac remodelling.
All the studies proved that combination of VitaminD
with Vitamin K indeed exert a positive effect on
cardiovascular health by improving either the arterial
stiffness or the systolic pressure and diastolic
pressure values.

In the cross-sectional research of Mayer and co-
workers®” also explored consortium low Vitamin
K and D status in facilitating arterial stiffness.
The study was built upon the existing studies that
have shown correlation among Vitamin D (or Vitamin
K) alone and (with) arterial stiffness. In contrast
this study aimed to explore associative effects
of Vitamin D and K on arterial stiffness. The status
of Vitamin K was assessed by estimating dp-uc MGP
level, a sensitive marker that is only formed when
the body is deficient in Vitamin K. It has also been
found that there is a positive corelation between dp-
ucMGP and degree of coronary calcification, which
depicting the role of Vitamin K in heart health.*
On the other hand, Vitamin D levels were assessed
by measuring 25-hydroxy Vitamin D, concentration
in the blood. A measure of arterial stiffness called
Aortic Pulse Wave Velocity (aPWV) was employed
as a predictor of morbidity and mortality from
cardiovascular complications.* It was found in the
study that subjects with low levels of Vitamin D and
Vitamin K had an a PWV that was around seven
times higher than that of subjects with levels in the
highest quartile for both the Vitamins.

One of the studies conducted by Asemi and
co-workers*® to determine the impact of co-
supplementing Vitamin D, K, and calcium on
CIMT, glycemic control, lipid concentrations, and
biomarkers of inflammation and oxidative stress
in type 2 diabetic and overweight CHD patients.
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It was based on previous studies that had shown
the positive impact of both the Vitamins D and K
on CIMT, inflammation, atherosclerosis, as well as
insulin resistance independently. Study planned was
arandomised, double-blind, placebo-controlled trial
which was conducted with two treatment clusters
for a period of 12 weeks. Cluster A (the intervention
cluster) received a tablet containing Vitamin D (5
pg) and Vitamin K,(90 pg), while Group B received
placebo tablets.

In the study, the primary outcome was CIMT, on
the other hand glucose homeostasis, biomarkers
of oxidative stress and inflammation, and lipid profile
were kept as secondary outcomes.

The consecutive co-supplementation of Vitamin D,
K and calcium for 12 weeks helped in improving
extremely high left CIMT levels, glycemic parameter,
and High Density Lipoprotein (HDL) cholesterol
levels in the patients of diabetes mellitus with stable
CHD, however, it had no impact on the highest levels
of CIMT (right), left and right CIMT (mean levels),
other lipid profiles and oxidative stress indicators.

The relationship between Vitamin D and K levels
and subclinical indicators of cardiovascular health
was examined in one of the studies conducted by
Dal Canto et al.*® There were 601 Hoorn study
participants in this observational prospective study.
Statistical analysis of the study revealed that the
subjects with low levels of both the Vitamins (D and
K) observed a defect in cardiac structure which was
a major threat of all-cause deaths as compared
to the subjects had normal status of Vitamin D
and Vitamin K.

The main conclusion of the research study showed
that Vitamin D was synergistically associated with
Vitamin k in terms of cardiac function and all-cause
mortality. But in order to corroborate the study's
findings, the authors recommended conducting
additional extensive clinical investigation.

Van Ballegooijen and co-workers® conducted an
observational prospective study to examine the joint
relationship between poor Vitamin status (D and
K), BP and Hypertension, which are risk factors for
cardiovascular disease. For conducting the study,
the data were extracted from a sample of 231
participants from second LASA cohort (Longitudinal

Aging Study Amsterdam), which was conducted in
2002-2003 among 55- to 65-year-old adults, and the
last follow up was done in 2011-2012. The following
parameters were assessed to understand the
association plasma dp-ucMGP concentrations level
of Vitamin K, serum 25(OH)D concentrations, level
of VitaminD, hypertension, total cholesterol, serum
creatinine, and parathyroid hormone level. It was
found out that participants with low levels of Vitamin
D and K had significant increase in their systolic
and diastolic blood pressure as compared with the
reference that is the group with adequate levels of
Vitamin D and Vitamin K status. Similar pattern was
also found between low Vitamin D and low Vitamin
K combination and incident hypertension, however,
the association was not statistically significant.

In conclusion, all studies (apart from one) demonstrate
that Vitamin D and Vitamin K work synergistically
and have a critical role in the prevention of bone
fractures, poor BMD, and cardiovascular diseases.

Discussion

The present systematic review has broadly identified
evidences for the synergistic relationship between
the status of Vitamin D and K status on bone
and cardiovascular health. The studies included
in the systematic review differed considerably
in study designs (randomized controlled trials,
observational studies, and interventional studies),
number of participants, baseline characteristics
of the participants, and geographical settings.
All the studies (excluding one) show that Vitamin
D and Vitamin K work in synergy and have
a significant role in preventing bone fractures, low
BMD, and cardiovascular disorders. The studies also
vary substantially in the Vitamin D and K dosage
regimen given as supplementation. The doses
of Vitamin K, supplements in the studies varied from
200 pg to 1000 pg per day, in contrast the dose
for Vitamin K, supplements ranged from 50 ug to
90 pg. Similarly, among the studies, the quantities
of Vitamin D supplements were ranged between
5 and 30 pg per day. Both isoforms (or vitamers)
of Vitamin K (Vitamin K, and Vitamin K,) have been
used by the studies for supplements. 3 studies gave
Vitamin K %3 whereas 2 studies used Vitamin
K,, i.e., menaquinone-7 or MK-7.394% Vitamins
K, and K, differ in their dietary source, cellular
absorption rates, tissue distribution, bioavailability,
functions, and target activity.*54” Therefore,
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a proper care must be taken in selecting one over
other as a supplement with Vitamin D for bone and
cardiovascular benefits. Osteoporosis is indeed a
huge communal health concern all over the world.
Its prevalence has been steadily increasing, with
new figures indicating that it affects more than 200
million people worldwide.*® Vitamin D deficiency
and calcium deficiency are also important risk
factors for osteoporosis. Sufficient Ca and Vitamin D
intake has been essential during the prevention and
treatment of osteoporosis and associated damages.
A lack of Ca / Vitamin D results in decreasing the
calcium absorption and increasing the bone re-
modelling and, which leads to significant bone loss.
Neuromuscular dys functions such as muscle fatigue
and a higher risk of falling have also been connected
to low Vitamin D levels in the blood. Furthermore,
it has been demonstrated that combining Vitamin
D with other nutrients, such as Vitamin K, can
reduce the likelihood of fractures by increasing BMD
and improving bone structure.

As per the growing evidence, Vitamin K, both
independently and synergistically with Vitamin D
have favourable impacts on calcium metabolism.
The findings of epidemiological and clinical
studies point to a new dietary model for calcium
distribution that involves co-supplementation of
both the fat-soluble vitamins. Most studies included
during the present qualitative analysis showed
the combination of Vitamin D and K intervention
(sometimes with calcium as well) has an important
and favourable outcome related to bone health
as well as cardiovascular health when compared
with single nutrient supplementation, i.e., either
Vitamin D or Vitamin K independently or placebo
groups. This research backs up the theory that
Vitamin K and Vitamin D (both the Vitamins) work
synergistically to prevent bone loss. Vitamin K, has
been shown in clinical trials to be effective as a
means of managing osteoporosis and the avoidance
of fractures independently.*® Considering the few
research that have been included in the present
systematic review, joint supplementation can also
improve cardiovascular health. It is worth noting
that there have been limited clinical trials on the
synergistic effects of both the Vitamins on human
health. Moreover, in most of the studies included
here, Vitamin D and K supplements were often
mixed with other micronutrients such as calcium,
making it complex to isolate the influence of Vitamin
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D and K. Similarly, the exact physiological processes
underlying the relationship between Vitamin K and
Vitamin D-related homeostasis are still unexplained
and most of the studies included in this review did
not venture into identifying the processes following
the synergistic relationship of both the Vitamins D
and K. However, some studies have speculated the
possible mechanism of this synergy. (1) Matrix Gla
protein (MGP) is a Vitamin K-dependent protein with
implication in cardiovascular system maintenance.
The gene that encodes MGP contains Vitamin D
responsive element in its promoter region, and
Vitamin D has been shown to increase MGP mRNA
expression in humans,®® (2) The co-administration of
both the Vitamins in animal studies has been found
out to increase the bone formation marker levels like
osteocalcin in a time-dependent fashion.5’

Conclusion

This systematic review showed that combination of
Vitamins D and K can improve various parameters
of bone health and cardiovascular health in different
population, thus emphasizing the importance
of Vitamin-Vitamin synergy. Because optimum
levels of both the Vitamins are necessary for
maintaining proper body functions, the present
findings recommend further research on combining
Vitamins D and K as a potential therapeutic strategy
for improving bone and cardiovascular health.
Unfortunately, most trials have studied Vitamin D
either alone or in low-dose (400-800 IU daily), which
had been found by some studies to have little to no
effect on BMD, bone turnover, and fracture prevention
in some population such as postmenopausal
women.®*52 Recently, a randomized, double-
blind, placebo-controlled clinical trial, known as
Vitamin D and Omeg A-3 TriaL (VITAL), with 25871
participants used cholecalciferol supplementation
at a higher dose of 2000 IU/d, with mega-3 fatty acids
eicosapentaenoic acid and docosahexaenoic acid,
1 g/d53. However, the supplementation did not find
any significant effect on cardiovascular outcomes
of the participants. The VITAL trial was targeted on
the Vitamin D supplementation due to which the
study did not use other Vitamins in combination
with Vitamin D. The future clinical trials involving
co-supplementation of more than one Vitamin
with various dosage regimen can be an attractive
research area for scientists. Therefore, research on
food synergies are the emerging technologies in food
science and nutrition and this unexplored side has to
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be fully explored for the beneficial of human kind.5
An additional concern is that neither a cut-off value for
Vitamin K status nor for Vitamin K supplementation
is currently known.When research was planned
and conducted to confirm the synergistic effects
of Vitamins D and K is more conclusive, and it has
provided yet another reason to consume a diet rich
in fermented dairy products and fresh vegetables
for development and strength of bone and heart
health. Both Vitamins D and K are, in principle,
ideal for the population-based primary prevention
of chronic diseases due to their safety, relatively
in-expensive price, and easy availability. Before
larger therapeutic decisions can be made, more
scientific evidences on the possible interplay
between Vitamin D and Vitamin K metabolism are
extremely required. Further research will also be
helpful to assess the long-term effects of high-
dose Vitamin D supplementation and the role
of Vitamin K and Vitamin D combination on bone
and cardiovascular functions.
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