
Journal of King Saud University – Science 32 (2020) 2641–2645
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Associations of dietary vitamin K and bone markers in adult Saudi
females
https://doi.org/10.1016/j.jksus.2020.05.006
1018-3647/� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Chair for Biomarkers of Chronic Diseases Biochem-
istry Department College of Science, King Saud University, PO Box, 2455, Riyadh
11451, Saudi Arabia.

E-mail address: ndaghri@ksu.edu.sa (N.M. Al-Daghri).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Samaher F. Alsadhan a, Sobhy M. Yakout a,b, Syed D. Hussain a,b, Dara Al-Disi c, Yousef M. Al-Saleh b,d,e,f,
Nasser M. Al-Daghri a,b,⇑
aBiochemistry Department, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
bChair for Biomarkers of Chronic Diseases, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
cDepartment of Community Health Sciences College of Applied Medical Sciences, King Saud University, Riyadh, Saudi Arabia
dCollege of Medicine, King Saud bin Abdulaziz University for Health Sciences, Riyadh 22490, Saudi Arabia
eKing Abdullah International Medical Research Center, Riyadh 11481, Saudi Arabia
fDepartment of Medicine, King Abdulaziz Medical City, Riyadh, Ministry of National Guard-Health Affairs, Riyadh 14611, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 10 March 2020
Revised 12 May 2020
Accepted 28 May 2020
Available online 3 June 2020

Keywords:
Vitamin K
Bone markers
Undercarboxylated osteocalcin
BMD
Objective: Osteoporosis is a bone disease characterized by bone mass reduction with a prevalence of
approximately 34–48% in Saudi Arabia. Many risk factors can increase osteoporosis fracture, including
low vitamin K levels. However, its exact role on bone mineral density (BMD) remains under investigated.
This study aims to determine whether dietary vitamin K is associated with BMD, inflammation, undercar-
boxylated osteocalcin (ucOC) and other bone markers among adult Saudi females.
Methods: A total of 138 Saudi females aged 25 and above were recruited from different primary health
care centers in Riyadh, Saudi Arabia, and were divided according to BMD status (N = 53 normal;
N = 85 low BMD). Each participant completed a food frequency questionnaire. Anthropometrics were
measured and serum 25(OH)D and vitamin K, bone markers (ucOC and CTX) and cytokines (IL-6, TNF-
a) were assessed using assays.
Results: Low dietary vitamin K intakes were observed in both groups, ranging only 16–19 mg/day. A pos-
itive association was seen between dietary vitamin K and IL-6 in low BMD group and TNF-a in all partic-
ipants. No significant association was seen between dietary vitamin K and BMD.
Conclusion: Dietary vitamin K is significantly associated with inflammation and not BMD in adult Saudi
females. The alarmingly low dietary vitamin K intake is worth investigating further.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction:

Vitamin K is a fat-soluble vitamin with an essential role in blood
coagulation. It is a group of molecules with a similar chemical
structure, 2-methyl-1-4-naphthoquinone and differ side group R,
its include phylloquinone (K1), menaquinones (K2), and mena-
dione (K3) (Vermeer, 2012).
It has been postulated that skeletal health can be significantly
improved by vitamin K through its role in cytokine modulation
(De et al., 2006; Ginaldiet al., 2009) and as a compound in protein
post-translational carboxylation, mostly with osteocalcin (Tie and
Stafford, 2016). Vitamin K also protects bone matrix collagen by
reducing the excretion of calcium and hydroxyproline (Hyp) in
the urine. Moreover, it facilitates gamma-carboxylation by inhibit-
ing bone resorption via osteoclasts and enhancing bone formation
through osteoblasts (Palermo et al., 2017).

Most of the studies in Saudi Arabia have been focused on the
effects of vitamin D and calcium in improving osteoporosis cases
in our country. Despite the significant in vitro studies, limited
information is available from the Middle East about the status of
vitamin K levels and its effect on bone mineral density (BMD)
and cytokines involved in bone turnover. The study of vitamin K
intake and its possible correlation with bone mass among Saudis
with osteoporosis could help design a nutrition-based strategy
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which could help decrease the occurrence and the severity of
osteoporosis among the Saudi population. The main objective of
the proposed study is to determine the relationship between diet-
ary vitamin K consumption and bone turnover in Saudi pre- and
post-menopausal women.
2. Material and methods

2.1. Subjects

The target population was Saudi adult females, aged 25–
80 years old from different primary health care centers (PHCCs)
(Albadi’ah and Alsuwaidi) and osteoporosis clinic in King Salman
Hospital in Riyadh, Saudi Arabia. Written consent from all the
patients was obtained. The study was approved by the Research
Ethics of College of Applied Medical Science committee at King
Saud University (KSU), Riyadh, Saudi Arabia. Subjects with conges-
tive heart failure, nephrolithiasis, renal disease, bone or articular
disease, uncontrolled hypertension and who take calcium, vitamin
D, bisphosphonates, or calcitonin within the last 6 months of the
study were excluded. Subjects who fulfilled the inclusion criteria
were divided according to BMD score which is based on the classi-
fication of World Health Organization (WHO) (low BMD � �1.0T-
score in DEXA scan) and the control group (T-score > �1.0).
2.2. Questionnaire

A structured questionnaire was filled by the researcher through
interviewing the participant to elicit the following information:
socio-demographic data, medical history and sun exposure. The
dietary information was obtained from each subject to assess their
intake of different macro and micronutrient by using food fre-
quency questionnaire (FFQ).
Table 1
Demographic and Anthropometric Characteristics of Normal and Disease Group.

Parameters Normal Low BMD P-values

N 53 (38.4) 85 (61.6) –
Age (years) 48.6 ± 6.4 55.6 ± 8.2 0.000
Height (m) 1.6 ± 0.1 1.5 ± 0.1 0.009
Weight (kg) 81.5 ± 13.6 71.9 ± 14.9 0.000
BMI (kg/m2) 33.7 ± 5.5 30.7 ± 5.7 0.003
Systolic mmHg 120.0 ± 18.2 130.4 ± 17.0 0.001
2.3. Anthropometrics and samples collection

Anthropometrics were measured and included height (cm),
weight (kg) and blood pressure (mmHg) as performed previously
(Al-Daghri et al., 2015a). Fasting (>10 h) blood samples (�10 cc)
were collected by a nurse and were transferred immediately to a
non-heparinized tube for centrifugation. Collected serum was then
transferred to a pre-labeled plain tube placed in ice (0–4 �C), and
delivered to the Chair for Biomarkers of Chronic Diseases (CBCD)
in KSU, Riyadh, Saudi Arabia, on the same day (Al-Daghri et al.,
2015b). Serum samples were stored in a �20 �C freezer until
analysis.
Diastolic mmHg 75.8 ± 10.0 79.9 ± 9.6 0.001
BMD Femoral Neck T-score# 0.8 (1.2) �0.6 (1.2) 0.000
BMD Lumbar T-score# 0.2 (1.2) �2.2 (1.2) 0.000
UCOC (ng/mL) 1.1 (1.0) 1.2 (0.9) 0.314
OC (ng/mL) 6.5 (7.2) 7.6 (14.5) 0.129

Marital Status 0.164
Married 44 (41.1%) 63 (58.9%)
Widow/er 5 (20.8%) 19 (79.2%)
Divorce 4 (57.1%) 3 (42.9%)

Monthly income (SAR) 0.001
1000–3000 10 (23.3%) 33 (76.7%)
3000–5999 9 (32.1%) 19 (67.9%)
6000–10,000 15 (60.0%) 10 (40.0%)
>10,000 19 (45.2%) 23 (54.8%)

Sun Exposure 0.388
No 30 (39.0%) 47 (61.0%)
Yes 23 (37.7%) 38 (62.3%)

Note: Data presented as mean ± SD and median (IQR) for Gaussian and non-
Gaussian variables respectively; while frequencies and percentages are presented
for categorical variables; p-values �0.05 considered statistically significant.
2.4. Biochemical measurements

Serum 25 (OH) D3 and b-crosslaps (b-CTx) were measured by
Roche Cobas e411 using electrochemiluminescence immunoassay
by a standard protocol provided along with the kit. (Roche Diag-
nostics, Mannheim, Germany). Serum ucOC was assayed using
enzyme-linked immunosorbent assay (ELISA) as explained in
another study (Saucedo et al., 2015). Serum level of vitamin K
was measured by ultra-performance liquid chromatography
(UPLC) connected with fluorescence detection using vitamin K1
and K2 analytical standards purchased from Sigma Aldrich. Chro-
matography was performed by isocratic reverse phase separation
(A:B) (90:10 v/v) on a C18 column (Acquity UPLC BEH C18,
1.7 mm, 2.1 � 100 mm column, Part No. 188002352) and a post
reduction column using 0.2 g Zinc metal. The mobile phase
comprised of A; 1.37 g zinc chloride (ZnCl2), 0.41 g sodium acetate
(C2H3NaO2) and 400 ml acetic acid in 1 L methanol and B;
dichloromethane. Vitamin K derivatives were detected at a wave-
length of 247 nm for excitation and 430 nm for emission.

2.5. Statistical analysis

Data analysis was done using the SPSS 22.0 (SPSS Inc., Chicago,
Illinois, USA). Data was presented as a mean ± standard deviation
for continuous normal variables while median and the interquar-
tile range were used to present continuous non-normal variables.

Frequencies and percentages were used to present categorical
variables. Independent Student T-test was used to compare means
between groups of normally distributed data while Mann-Whitney
U Test was used for non-normal data. Analysis of covariance and
partial correlation analysis were used to control for the possible
effects of age and BMI. All non-normal variables were transformed
prior to parametric testing. A P value of �0.05 was considered
significant.
3. Results

Table 1 shows subjects’ demographic data. The mean age of
women in the control group was 48.6 ± 6.4, and the mean age of
the low BMD group was 55.6 ± 8.2. Sixty-two percent of the pre-
menopausal subjects were within the normal group while 78.1%
postmenopausal subjects were in the low BMD group. Almost
40% of the subjects in the low BMD group earned less than SAR
3000, while 35.8% of the normal group earned more than SAR
10000. Majority of the subjects in both groups didn’t expose them-
selves to the sun. The anthropometric data is also shown in Table 1
for both groups. The result shows a significant difference in all
parameters between normal and low BMD subjects. The BMI mean
shows that both groups were obese. ucOC levels were similar in
both the groups, but osteocalcin was more elevated in the low
BMD group.

The intake of chosen nutrients according to FFQ in both groups
(normal and low BMD) compared to reference values is show in
Table 2. In both groups the dietary intake of vitamin D was lower



Table 2
Daily dietary intakes of selected nutrients of study participants based on reference (ref.) values among Normal and Disease Group.

Parameters AMDR, EAR or AI Normal (N = 53) Low BMD (N = 85) P-values P-values*

Mean ± SE <Ref (%) >Ref (%) Mean ± SE <Ref (%) >Ref (%)

Energy (Kcal) – 1110.5 ± 33.8 – – 1103.8 ± 28.1 – – 0.882 0.394
Carbohydrate (%) 45–65 35.7 ± 1.5 81.1 0 37.5 ± 1.2 76.5% 1.2 0.371 0.853
Protein (%) 10–35 15.8 ± 0.7 13.2 0 15.5 ± 0.5 12.9% 0 0.746 0.394
Fat (%) 20–35 33.6 ± 1.5 11.3 49.1 34.4 ± 1.0 4.7% 49.4 0.643 0.711
Vitamin D (IU) # 600 255.0 (274.7) 86.8 13.2 287.5 (373.1) 81.2% 18.8 0.227 0.444
Calcium (mg) # 800 132.8 (212.7) 100 0 239.7 (274.9) 100.0% 0 0.175 0.564
Phosphorus (mg) # 580 129.6 (202.9) 98.1 1.9 187.3 (217.4) 97.6% 2.4 0.248 0.897
Vitamin K (lg) # 90 16.1 (13.9) 100 0 19.2 (16.6) 100.0% 0 0.311 0.763

Note: Data represented in terms of Mean ± SE for Gaussian variables while Median (IQR) were presented for non-Gaussian Variables, # represents non-Gaussian variables, SE.
Standard error, AMDR – acceptable macronutrient distribution range. EAR: Estimated Average Requirement; RDA: Recommended Dietary Allowance; IU: International Unit;
AI: Adequate Intake; * indicates p-values adjusted for age and BMI.
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in almost 80% of subjects in relevance to the respective reference
values, while its 100% low in both groups for vitamin K and cal-
cium. With no difference in vitamin K consumption between nor-
mal BMD and low BMD group. In general, all nutrient intakes
were low in both groups except fat intake which was 49% more
than the reference in both groups.

Fig. 1 shows a significant correlation with square root (sqrt)
TNF-a and log dietary vitamin K in all subjects. There is a positive
correlation between sqrt TNF-a and dietary vitamin K after adjust-
ing for age and BMI as indicated by increasing trend line (r = 0.20,
P < 0.048). Fig. 2 also shows significant positive correlation
between sqrt IL-6 and log dietary vitamin K in subjects with low
BMD after adjusting for age and BMI (r = 0.27, P = 0.034).

4. Discussion

This study observed whether dietary vitamin K intake is associ-
ated with BMD and bone markers. It is the first of its kind in the
Middle East. In this study, the intake of vitamin K among Saudi
women is much lower than the recommended AI references
(90 lg/day) (Shearer et al., 2012), which confirms findings from a
previous report in Saudi population (Al-Daghri et al., 2013). The
dietary consumption of vitamin K is different in diverse popula-
tions due to different dietary patterns. In Saudi Arabia, vitamins
K intake is low maybe due to a comparatively unhealthier diet
through the intake of low milk and dairy products, vegetables
and fruits. This has been documented in both young and adult
Saudi population (Al-Hazzaa et al., 2011; Alsunni and Badar, 2015).

Undercarboxylated osteocalcin (ucOC) is another indicator of
dietary vitamin K status. The relation between dietary vitamin K
consumption with serum ucOC was studied. There was no
significant correlation between vitamin K intake and serum ucOC.
Fig. 1. Relationship between sqrt TNF-a and log dietary vit
Similar outcomes were also reported by Booth et al. and Kuwabara
et al. that circulating levels of serum ucOC did not reflect vitamin K
intake (Booth et al., 2003b; Kuwabara et al., 2011). Our result was
in contrast to other studies which show a significant inverse rela-
tion between ucOC and vitamin K intake (McKeown et al., 2002;
Yamauchi et al., 2010). These differences could be due to the use
of ucOC percentage or the high amount of vitamin K intake as it
shown in a study by Kuwabara et al. which observed that PIVKAII
and ucOC/OC was significantly associated with vitamin K intake,
while no relation were found between ucOC and dietary vitamin
K (Kuwabara et al., 2011).

Conversion of ucOC to mature OC depends on vitamin K. This
suggests ucOC serum level may be an indirect indicator for vitamin
K status. The lack of a significant relationship between dietary
intakes of vitamin K and serum vitamin K concentrations supports
the finding of other studies (Kalkwarf et al., 2004; Schurgers et al.,
1999). There is a contrast to other studies who found a significant
association between plasma vitamin K concentrations and total
vitamin K intake as estimated by the FFQ (Booth et al., 1995;
Booth et al., 1997; McKeown et al., 2002) or after vitamin K supple-
mentation (Booth et al., 2008; Cheung et al., 2008). A possible
explanation for the lack of correlation between vitamin K intake
and serum vitamin K is that intake was calculated from FFQ data
which reflects intake from one or two days past (Schurgers et al.,
1999) while phylloquinone is cleared within 1–3 day after inges-
tion (Booth et al., 1999; Olson et al., 2002; Sokoll et al., 1997). Also
the use of fasting serum vitamin K sample limits its value as an
indicator of vitamin K status due to the wide daily variation in vita-
min K intake that may not reflect habitual dietary intake (Booth
et al., 1995).

In this cross-sectional study, BMI was significantly low in
women with low BMD than controls which is in agreement with
amin K in all subjects after adjusting for age and BMI.



Fig. 2. Relationship between sqrt IL-6 and log dietary vitamin K in Low BMD group after adjusting for age and BMI.
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other studies (Al-Daghri et al., 2017; Palermo et al., 2017). Also,
there was no significant correlation between BMD in lumbar bone
and vitamin K intake in both groups. In a population-based
prospective study in peri-menopausal Danish women, vitamin K1

intake’s role on BMD or fracture risk was not seen (Rejnmark
et al., 2006). Other studies found that reduced vitamin K intake is
related with low BMD (Booth et al., 2003a; Bullo et al., 2011).
Our results showed that women with low BMD had low vitamin
K level than women with normal BMD but wasn’t significant. This
result was similar to Kanai et al. study (Kanai et al., 1997). In our
study, osteocalcin was higher in the low BMD group than the nor-
mal group which is similar to another study (Singh et al., 2015;
Zupan et al., 2012). The production of osteocalcin by osteoblast
in bone formation and its mechanism is still not clear (Al-Daghri
et al., 2017). In addition, no significant correlation was found
between dietary vitamin K and osteocalcin. Vitamin K supplemen-
tation’s effect on osteocalcin is not consistent. These results could
be because osteocalcin synthesis does not rely solely on vitamin K
consumption but more so in hormones, for example 1, 25-
dihydroxyvitamin D3 and glucocorticoids (Gundberg et al., 2012).
Also, we didn’t find a significant association between CTX as a
resorption marker and dietary vitamin K.

There some limitations in this study. First, the sample size was
adequate but small and this may limit generalizability of findings.
Second, the study was of short duration. Despite these limitations,
the findings are robust and is the first to report the dietary vitamin
K status in relation to bone markers among Arab women.
5. Conclusion

In summary, dietary vitamin K along with vitamin D and cal-
cium intake were way below the recommended dietary levels in
a group of adult Saudi females. No significant correlation was seen
between vitamin K intake and BMD among the women. While low
levels of vitamin K intake are not associated with bone markers
(ucOC and CTX), it was significantly associated with inflammatory
markers, suggesting that its effects in BMDmaybe indirectly due to
its association with inflammation.
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