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Abstract: This study aimed to determine the impact on the lipid profile, carboxypeptidase N (CPN)
and nitric oxide (NOx) associated with vitamin D (VD) status correction among Saudi adults with
VD deficiency. A total 111 VD deficient (25(OH)D < 50 nmol/L)) adult Saudis aged 18–50 years
old (57 females and 54 males) were enrolled in this 6-month interventional study. They were given
50,000 IU VD weekly for the first 2 months and then twice a month for the next 2 months, followed by
1000 IU daily for the last 2 months. The fasting lipid profile and the blood glucose, VD, NOx and CPN
concentrations were measured at baseline and after intervention. Post-supplementation, the median
VD was significantly higher (p < 0.001) in females [58.3 (50.6–71.2)] and males [57.8 (51.0–71.8)]. HDL
cholesterol significantly increased (p = 0.05) and NOx significantly decreased (p = 0.02) in males
post-supplementation. Triglycerides were positively associated with NOx in all subjects before
(r = 0.44, p = 0.01) and after (r = 0.37, p = 0.01) VD status correction. There was a significant increase
in serum levels of CPN2 (p = 0.02) in all subjects. Furthermore, CPN was inversely correlated with
NOx (r = −0.35, p = 0.05) in males post-supplementation. In conclusion, VD status correction reduced
serum NOx, particularly in males. The inhibition of NOx synthesis may be responsible for the
anti-inflammatory effects of VD supplementation. An inverse association was found between NOx
and CPN2.

Keywords: 25(OH) D; vitamin D supplements; nitric oxide; carboxypeptidase N

1. Introduction

The prevalence of vitamin D (VD) deficiency, defined as having a circulating
25 hydroxyvitamin (OH) D less than 50 nmol/L or 20 ng/mL, is now considered a ma-
jor global health concern [1]. This is especially true in low- to middle-income countries
where VD deficiency in adults ranges from 51–99% [2]. A study conducted among South
Asian countries (Bangladesh, India, Pakistan, Nepal, Bhutan, Maldives, Sri Lanka, and
Afghanistan) found a high prevalence of VD deficiency in the adult population [3]. Despite
the abundance of sunshine, Saudi Arabia (SA) has also seen a high prevalence of VD
deficiency across all ages and genders [4]. The 10-year (2008–2017) overall prevalence of
VD deficiency for all age groups was 73.2% [5].

The importance of VD in human metabolism has been established due to its role in
calcium and bone homeostasis [6]. Recent research has linked VD deficiency to a range of
chronic diseases, including atherosclerosis, hypertension, diabetes, autoimmune diseases,
cancer, cognition, and dental disorders [1,2,7–12]. It is, therefore, essential to understand
which biochemical markers are affected by VD supplementation in order to effectively
address VD deficiency.
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Carboxypeptidase N (CPN) is a plasma metalloprotease with zinc metal that cleaves
basic amino acids lysine or arginine from the C terminal of peptides and proteins [13]. CPN
is important in the regulation of peptides (i.e., kinins and anaphylatoxins) and plays an
important role in protecting the body from the excessive build-up of potentially deleterious
peptides that normally act as local autocrine or paracrine hormones [14]. It is composed of
two low macromolecular weight (50 KDa) CPN1 active subunits and two high molecular
weight (83 kDa) CPN2 glycosylated subunits that keep the enzyme in circulation [13]. CPN
has distinguishing features from other carboxypeptidases types since it is constitutively
active and stable, having multiple subunits with higher molecular mass [15].

Human CPN was discovered in 1962 as an enzyme that inactivates bradykinin by
cleaving its carboxy-terminal arginine. It was also referred to as kininase I [14]. In 1970, it
was demonstrated that CPN inactivated the complement anaphylatoxins C3a, C4a, and C5a
by the removal of their carboxy-terminal arginine [15]. Since then, other proteins have been
proposed as substrates for CPN, including creatine kinase MM (CK-MM) [16]. So far, it is
difficult to elucidate the role of CPN in disease processes. CPN is constitutively expressed
in the liver and secreted into the bloodstream at approximately 30 µg/mL. It is an important
enzyme that regulates biologically active peptides, including complement anaphylatoxins
and kinins, by removing carboxy-terminal arginine or lysine. It is a member of a larger fam-
ily of mammalian zinc carboxypeptidases. Furthermore, carboxypeptidases were involved
in the digestion of food (pancreatic carboxypeptidases A1, A2, and B). However, most of
the known carboxypeptidases are not involved in catabolism; they help to mature proteins
(e.g., post-translational modification) or regulate biological processes. For example, the
biosynthesis of neuroendocrine peptides such as insulin requires a carboxypeptidase. Car-
boxypeptidase also functions in blood clotting, wound healing, growth factor production,
reproduction, and many other processes [17,18].

On the other hand, nitric oxide (NOx) is a pleiotropic signaling molecule produced
by the endothelium and is present in almost every cell type [19]. NOx and its derivatives,
nitrate and nitrite, have a variety of functions in human metabolism, including inflam-
mation, oxidative stress, vasodilation, cardiac function, reproduction, gene transcription
and translation, post-translational modifications [20–23], heart disorder, hypertension, and
diabetes [24–26]. NO has three molecular mechanisms that mediate its biological activities.
Firstly, it reacts with transition metals to regulate enzyme activity. Secondly, it induces the
formation of S-nitrosothiols to modify protein activity. Thirdly, it reacts with superoxide
anion to form peroxynitrite, which is a powerful oxidant that modifies proteins, lipids,
and nucleic acids. The direct effects of NO predominate at low concentrations, while the
indirect effects become more important at higher concentrations.

The active VD (1,25-dihydroxyvitamin D [1,25(OH)2D]) regulates the production of
NOx and/or the expression of inducible NOS (iNOS) in different cells including endothelial
cells, osteoblasts, microglial cells, macrophages, and astrocytes [27–29]. The relationship
between VD and NOx has been extensively studied in cell lines and animal models and in
both healthy individuals and patients [27,29–31]. Some studies have reported that VD is a
direct transcriptional regulator of endothelial NOS and arterial stiffness [32]. The relation
between CPN and NO is also well established, with CPN helping to increase NO production
by increasing the release of arginine during inflammatory states [33]. Furthermore, CPN
plays an important role in the regulation of inflammation by inactivating anaphylatoxins
via cleaving arginine residue in the peptide.

In the present study, the associations of CPN and NOx levels with serum 25(OH) D in
response to VD supplementation in healthy adults of Saudi ethnicity were investigated.
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2. Results

A total of 111 VD deficient (25(OH)D < 50 nmol/L) adult Saudis aged 18–50 years
old (57 females and 54 males) were enrolled in this study (Table 1). HDL cholesterol, CPN
(p = 0.02), and high VD (p < 0.001) were found to be increased, whereas NOx was reduced
(p = 0.04) in all subjects (Figure 1). No significant differences were noted between serum
levels of glucose, total cholesterol, LDL cholesterol, and triglycerides post-supplementation.
Males had higher HDL cholesterol while females had a modest but non-significant increase
in CPN2. The serum levels of NOx were significantly reduced in the male group but not in
the female group. At baseline, NOx was significantly higher in males than females.

Table 2 showed the bivariate associations between NOx with other parameters. There
was a significant positive correlation between NOx and glucose among all group at follow-
up. Serum triglycerides were significantly and positively correlated to NOx both at baseline
and follow-up in all subjects, particularly in females. Both VD and CPN2 were inversely
correlated with NOx. A significant inverse correlation was also noted between CPN2 and
NOx in males post-VD supplementation.
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Figure 1. Median change in NOx (µM) at baseline and follow-up.

The bivariate associations of delta (∆) changes in the correlation matrix for CPN2
and Nox with other parameters are shown in Table 3. No significant associations were
observed in the glucose, cholesterol profile, and triglycerides. Delta changes in 25(OH)D
with CPN2 showed a significant inverse association (R = −0.34, p = 0.046) in the female
group (Figure 2). Finally, in the CPN2, delta changes in NOx showed a significant positive
association (p < 0.001).
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Table 1. Clinical characteristics of the subjects before and after 6 months based on subject responses.

All Males Females

Baseline Follow-Up Mean Change Baseline Follow-Up Mean Change Baseline Follow-Up Mean Change

N (M/F) 111 (54/57) 54 57
Age (year) 39.5 ± 9.4 42.2 ± 8.4 36.9 ± 9.7
BMI (kg/m2) 29.3 ± 4.8 28.96 ± 3.8 29.6 ± 5.7
WHR 0.93 ± 0.10 0.99 ± 0.06 0.87 ± 0.10
Systolic BP (mmHg) 125.5 ± 13.7 132.4 ± 11.8 117.3 ± 11.1
Diastolic BP (mmHg) 79.6 ± 9.7 82.8 ± 7.7 75.9 ± 10.5
Glucose (mmol/L) 5.62 ± 1.1 5.53 ± 0.89 −0.09 (0.11) 5.75 ± 1.1 5.85 ± 0.9 0.10 (0.2) 5.50 ± 1.1 5.23 ± 0.8 0.27 (0.2)
Total Cholesterol (mmol/L) 5.18 ± 1.2 5.19 ± 1.3 0.02 (0.10) 5.13 ± 1.1 5.19 ± 1.2 0.07 (0.14) 5.22 ± 1.3 5.20 ± 1.3 −0.03 (0.15)
HDL Cholesterol (mmol/L) 1.04 ± 0.4 1.15 ± 0.4 * 0.12 (0.05) 0.98 ± 0.3 1.1 ± 0.3 * 0.08 (0.04) 1.09 ± 0.5 1.25 ± 0.5 0.16 (0.1)
LDL Cholesterol (mmol/L) 3.29 ± 1.0 3.21 ± 1.1 −0.08 (0.10) 3.2 ± 0.9 3.2 ± 0.1.1 0.004 (0.1) 3.37 ± 1.1 3.21 ± 1.0 −0.16 (0.1)
Triglycerides (mmol/L) 1.4 (0.9–2.1) 1.5 (1.0–2.1) 0.01 (0.09) 1.5 (1.0–2.3) 1.6 (1.1–2.2) 0.06 (0.13) 1.4 (0.9–2.2) 1.3 (0.9–2.0) −0.04 (0.13)
25(OH)D (nmol/L) 31.9 (22–39) 58.1 (51–71) ** 31.4 (1.7) 32.7 (24–42) 58 (51–71) ** 30.1 (2.5) 31.3 (20–38) 57.8 (51–72) ** 32.5 (2.3)
CPN (ng/mL) 299 (152–522) 432(185–744) * 168 (57.5) 330(183–525) 475 (225–681) 148.8 (78.1) 221 (100–528) 424 (139–910) 190.2(86.1)
NOx (µM) 103.2 (67–155) 84.5 (49–131) * −16.7 (6.9) 113.5 (72–159) 91.1 (50–127) * −25.9 (9.9) 96.2 (46–128) 77 (46–140) −7.45 (9.4)

Note: Data presented as mean ± SD and median (1st–3rd) percentiles for Gaussian and non-Gaussian variables. * and ** represent p-values that are significant at 0.05 and 0.01,
respectively, for paired t-test.
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Table 2. Association of log NOx with measured parameters.

Parameters All Males Females

Baseline Follow-Up Baseline Follow-Up Baseline Follow-Up

Glucose (mmol/L) 0.03 0.22 * 0.07 0.11 0.10 0.25
Total Cholesterol (mmol/L) 0.27 ** 0.07 0.33 * 0.16 0.26 0.02
HDL Cholesterol (mmol/L) −0.11 −0.09 0.36 * 0.19 −0.25 −0.21
LDL Cholesterol (mmol/L) 0.12 0.02 0.07 0.13 0.14 −0.08
Log Triglycerides 0.44 ** 0.37 ** 0.46 ** 0.23 0.42 ** 0.45 **
Log 25(OH) D −0.10 −0.04 −0.01 0.07 −0.26 −0.03
Log CPN −0.08 −0.16 −0.06 −0.35 * −0.13 −0.06

Note: Data presented as co-efficient of determination (R). * and ** represent p-values that are significant at 0.05
and 0.01, respectively.

Table 3. Correlation matrix for CPN2 and NOx (delta change) with other parameters.

Parameters
∆ CPN2 ∆ NOx

All Males Females All Males Females

∆ Glucose 0.2 0.23 0.24 0.11 0.17 0.12
∆ Total Cholesterol 0.11 0.04 0.15 0.12 −0.02 0.17
∆ HDL Cholesterol −0.1 −0.19 0.03 −0.12 −0.24 −0.03
∆ LDL Cholesterol 0.16 0.11 0.14 0.13 0.04 0.14
∆ Triglycerides −0.08 −0.21 0.16 −0.04 −0.1 0.1
∆ 25(OH)D (nmol/l) −0.17 −0.03 −0.34 * −0.12 −0.03 −0.27
∆ CPN 1 1 1 0.92 ** 0.93 ** 0.92 **
∆ NOx 0.92 ** 0.90 ** 0.90 ** 1 1 1

Note: Data presented as co-efficient of determination (R). * and ** represent p-values that are significant at 0.05
and 0.01, respectively.

3. Discussion

VD is a multifunctional hormone with an important role in the human body. Some
evidence suggests that VD deficiency is associated with an increased risk of cardiovascular
diseases, type 2 diabetes, multiple sclerosis, and some types of cancer. Some previous
studies on the association of VD with NOx have been contradictory. In line with this
study, Al-Daghri et al. [34] reported that serum 25(OH)D and NOx showed a significant
inverse association in adolescent Saudi subjects, more so in males than in females [34].
A study conducted on rat lungs treated with lipopolysaccharides so as to induce iNOS
expression noted that, during inflammation, a carboxypeptidase substrate, after cleavage
by cellular carboxypeptidase, can provide sufficient arginine, thereby, stimulating NO
generation [33]. Another study conducted on macrophage cell line RAW 264.7 supports
the hypothesis that free arginine is increased by the action of carboxypeptidase (D) on
numerous pro-inflammatory mediators, resulting in an increase in free arginine, followed
by an increase in NOx levels [34].

NOx is a reactive radical that regulates cellular functions in both physiological and
pathological conditions [35]. NOx has a variety of activities in the cardiovascular system,
including the regulation of vascular tone and endothelial barrier function [36]. In physio-
logical states, NOx can serve a protective function, but under conditions of high output,
it may contribute to tissue damage by reacting with superoxide to form peroxynitrite, a
strong oxidant [37]. Several disorders are caused by high levels of NOx, such as autism
spectrum disorder, arthritis, and lung disease [38]. Therefore, NOx inhibition may help to
manage these disorders. In addition to participating in the inflammatory response via its
physiological effects, NOx also has the ability to regulate the expression of inflammatory
proteins [39] via its regulation of the transcription factor, nuclear factor-kB [40]. Thus, it has
been suggested that NOx may exert both deleterious and protective effects in inflammatory
conditions, such as sepsis, depending on species, timing, the cell type, the inflammatory
stimulus, the NOx concentration, and the NOx-related metabolites generated [41]. NOx
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production, by the inducible isoform of NOx synthase (iNOS), plays a pivotal role in nu-
merous diverse pathophysiological processes. Inducible NOS is expressed in many cell
types in response to a diverse range of inflammatory cytokines, including interleukins
(IL)-1b, IL-2, interferons (IFN), tumor necrosis factor (TNF), and lipopolysaccharides [42].

Because the subjects of the present study were overweight, with prediabetes as well as
VD deficiency, we assume they had an underlying subclinical inflammatory condition that
could have caused enhanced NOx synthesis. Thus, the reduction in their serum NOx levels
after VD supplementation may have been due to reduced inflammation.

Obesity may interfere with the maintenance of an optimal state of health. The excess
of macronutrients in the adipose tissues stimulates them to release inflammatory mediators
such as TNF and interleukin-6 (IL-6) that stimulate the liver to synthesize and secrete
C-reactive protein (CRP). As a risk factor, inflammation is an embedded mechanism for the
development of cardiovascular diseases including coagulation, atherosclerosis, metabolic
syndrome, insulin resistance, and diabetes mellitus [43]. Elevated concentrations of CRP,
IL-6, and TNF with suboptimal VD levels have been associated with an increased risk of
cardiovascular events, glucose metabolism disorders, neurodegenerative diseases, and
overall mortality [44].

VD supplementation is considered one of the most effective ways to improve the lipid
profile. One prospective study found that VD supplementation over 12 months increased
HDL cholesterol levels among adults, consequently reducing the atherosclerotic cardio-
vascular disease risk score [45]. Furthermore, a consistently positive correlation between
VD status and HDL-C is in accordance with several observational studies conducted with
children [46].

In the present study, HDL cholesterol increased overtime for both groups, with a
significant increase in males and borderline significance in females. This finding supports
many hypotheses that VD will increase or regulate good cholesterol, especially in males,
who are at higher risk for CVD and heart disease. We have previously observed that VD
status correction among VD deficient Saudi adults corresponds to a substantial reduction in
atherosclerotic cardiovascular disease [45] since they do not have a high level of estrogen,
as women do. Higher levels of estrogen in premenopausal women have been found to
increase levels of HDL; thus, women are much less susceptible to coronary heart disease
(CHD) and other atherosclerotic diseases compared to men [46,47].

NOx levels were significantly higher in males than in females, significantly at baseline,
and triglycerides were significantly positively related to NOx in all subjects; this is in line
with our previous study [48]. Moreover, one study hypothesized that nitric oxide (NO)
production is associated with serum lipid concentrations and body mass index (BMI), and
these associations are stronger in males than in females [49]. Post-VD supplementation,
NOx levels were significantly reduced in males but not in females. This indicates that VD
supplementation can influence NOx production. Thus, the results of the present study
support the extraskeletal role of VD in regulating endothelial homeostasis via the regulation
of NOx production, mainly in males. However, NOx is synthesized from L-arginine via
nitric oxide synthase’s (NOS) activity.

CPN is a very important part of the body’s defense against the build-up of potentially
harmful peptides that normally act as autocrine or paracrine hormones in the area. CPN
is different from other carboxypeptidases in the same family because it is always active
and stays stable in the bloodstream. It is also the only carboxypeptidase in this family
with more than one subunit and a much higher molecular mass. However, questions
about the relationship between VD and CPN have yet to be answered. The present study
measured levels of CPN and found a significant increase in CPN post-VD supplementation
in the overall population. Furthermore, the associated study also showed that CPN was
significantly inversely correlated to NOx in males after VD supplementation.

In the present study, CPN was not directly correlated to NOx; thus, the present study
does not support the view that CPN increases NOx production. Previous studies have
suggested that CPN can enhance NOx production, mainly in inflammatory conditions. In
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contrast, some researchers oppose this hypothesis, and state that the effect on iNOS in the
blood is limited, so it may be unlikely that CPN will affect NOx production appreciably in
the circulation. For example, even after massive complement activation, there may be only
as much as 10 µM of free arginine generated from the action of CPN on the complement
anaphylatoxins C3a, C4a, and C5a, and this would only increase the plasma concentration
of arginine by 10% at most and, as discussed above, would not affect the production of NO
via constitutive NOS. Support for CPN not affecting NO production in the circulation was
recently shown in C3 and C3a receptor-deficient mice [50]. These mice, when subjected to
an LPS challenge, did not show any change in NO production in their circulation compared
to the wild type controls that were similarly treated.

In the present study, VD supplementation increased CPN levels, but the increase in
CPN did not increase NOx production. This could be because VD caused a reduction in
inflammatory conditions. VD may reduce inflammation by increasing CPN, which has
been reported to reduce inflammation by inactivating bradykinin and complements.

Bradykinin is a naturally occurring neuropeptide (plasma protein). It is a pharmaco-
logically active kinin, which is considered either a cardioprotective or proinflammatory
agent [51]. It is very similar to kallidin, which has the same sequence but with an additional
N terminal lysine. They appear to be important regulators of cardiovascular function, being
increasingly noted as likely participants in the actions of drugs that affect the heart, kidney,
and circulation. It has been shown that bradykinin acts via two receptors, B1 and B2, that
differ in the mechanism by which they are regulated. Both are typical G-protein-coupled
receptors [52], which have very similar effects. The roles of B1-receptors in inflammation
are in leucocyte recruitment, the initiation of inflammatory responses, and the physiology
of pain. It has been implicated in several pathophysiological conditions such as hyperten-
sion, diabetes, and other cardiovascular and renal disorders. Although bradykinin has
multiple beneficial actions, some undesirable effects have been reported, such as, oedema,
and angioedema, which can be reversed by bradykinin antagonists. CPN2 levels will be
reduced because of its function to inactivate bradykinin by cleaving its carboxy-terminal
arginine and to inactivate the complement anaphylatoxins C3a, C4a, and C5a by removing
their carboxy-terminal arginine. In this situation, bradykinin levels will be induced, acting
as a pro-inflammatory agent. Bradykinin will acutely increase the levels of nitric oxide
(NO) production by activating endothelial NO synthase (eNOS), and this increase is in part
correlated with the enhanced phosphorylation/dephosphorylation of eNOS by several
protein kinases and phosphatases [53].

The authors acknowledge several limitations. The lack of a control group gives it
the principal disadvantage of having potential biases from confounding factors. We do
acknowledge that the presence of a control arm would have made the study much more
scientifically sound. Another limitation is the lack of baseline information affecting VD
statuses, such as dietary VD and sun exposure, which can improve the VD status of
participants. Additionally, body composition calculations using BMI and WHR were not
recorded at the end of the study, which could explain the differences in results according
to sex. Lastly, while the sample size was sufficient to elicit the required significance, a
larger sample size might have strengthened the evidence on the influence of VD in the
general population. Despite the limitations, the study is well supported and the first in
this homogenous ethnic group to observe the modest benefits of VD correction in terms of
reducing NOx and HDL cholesterol levels and increasing CPN2 levels among Arab adults
with VD deficiency. This may give new insight for scientific and medical fields.

4. Materials and Methods

A flow chart describing the study population is provided in Figure 3, showing the
total number of subjects (N = 111) selected from Riyadh and the exclusion criteria used in
this study.
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4.1. Study Design and Population

A total of 111 VD deficient subjects [25(OH)D nmol/L], aged 40.4 ± 11.4 years
(54 males and 57 females with an age range of 18–50 years), were admitted to the study to
allow dosing in all periods. VD deficiency was defined as 25(OH)D < 50 nmol/L, suffi-
ciency as 25(OH)D ≥ 50 nmol/L, and adequacy as 25(OH)D > 75 nmol/L [47]. Individuals
with serious clinical conditions such as anemia, type 2 diabetes mellitus (T2DM), cancer,
cardiovascular disease, liver dysfunction, renal dysfunction, or thyroid dysfunction have
been excluded from the study. Subjects taking VD supplementation for 6 months before the
intervention were excluded at the screening phase. Ethics approval (No. FWA00018774)
was obtained from the ethics committee of the College of Medicine Research Center, King
Saud University in Riyadh, KSA. After their agreements, all patients who participated in
the study signed written consent. All the individuals were asked to visit primary health
care centers for blood sampling and anthropometric measurements, including weight,
height, waist and hip circumference, and mean diastolic and systolic blood pressure. Body
mass index (BMI) was calculated by dividing weight (kilograms) by height (square meters),
and individuals with a BMI ≥ 25 kg/m2 and ≥30 kg/m2 were considered overweight
and obese, respectively. About 10 mL of venous blood samples were collected from each
individual and centrifuged for separation of serum samples. The remaining blood and
serum samples were immediately delivered to the Chair for Biomarkers of Chronic Diseases
(CBCD) in King Saud University, Riyadh, KSA, in specialized containers for biochemical
analyses and stored at −80 ◦C.
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4.2. VD Intervention

VD supplementation was carried out in accordance with the previously published
study on local recommendations for VD status correction [47]. A dose of 50,000 IU chole-
calciferol (VitaD50000®, Synergy Pharma, Dubai, UAE) was given weekly for the first
2 months and then twice a month for the next 2 months, followed by 1000 IU (VitaD1000®,
Synergy Pharma, Dubai, UAE) daily for the last 2 months. To ensure compliance, patients
were asked to return unused capsules at every follow-up visit before being given another
set of supplements. Subjects with non-compliance were excluded from the study. Patients
were also regularly encouraged via short message service (SMS) to take the recommended
VD dose. The orientation and intervention were performed by a qualified nutritionist,
physician, and nurses in the health care center, and all the procedures followed the ethical
principles advised in the Helsinki Declaration. The intervention study was approved by
the Ethics Committee of the College of Science, King Saud University (KSU), Riyadh. Blood
samples (5 mL) were obtained at baseline and after 6 months to monitor the achievement
of full VD status correction.

4.3. Measurement of Biochemical Markers

Serum 25(OH) VD was analyzed using the COBAS e-411 automated analyzer (Roche
Diagnostics, Indianapolis, IN, USA). All experiments were performed in triplicate, and
control experiments were performed to assure the quality of reproducible results. The inter-
and intra-assays were applied for estimation of serum 25(OH)D. Coefficients of variation
(CV) were taken as 8.0 and 5.6%, with a lower detection limit (LOD) of 7.5 nmol/mL [19].
The fasting lipid profile and blood glucose were determined using a chemical analyzer
(Konelab 20XTi, Termo Electron Corporation, Vantaa, Finland) [54]. The measurement of
nitrate/nitrite concentration or of total nitrate and nitrite concentration was routinely used
as an index of NOx production [15]. The concentration of serum NOx was measured using
the Griess reaction [20]. Serum NOx concentration was determined from the linear standard
curve established using 0–50 µM sodium nitrate. The inter- and intra-assay coefficients
of variation were set at 5.2% and 4.4%, respectively, while the recovery of the assay was
93 ± 1.5%. Determination of CPN was carried out using human CPN ELISA Assay Kit,
according to manufacturer’s instructions. (LifeSpan BioSciences, Inc., Seattle, WA, USA).

4.4. Sample Size Calculation and Statistical Analysis

Sample size calculation was carried out based on data obtained from previous findings
ascertaining the effects of 25(OH)D correction [45,55]. G*Power was used to determine
sample size given the effect size of 0.27 and the power of 0.85. The minimum required total
sample is N = 100 given α = 0.05.

Data were analyzed using SPSS (version 21, IBM). Continuous data were presented as
mean ± standard deviation (SD) for Gaussian variables, and non-Gaussian variables were
presented in median (1st and 3rd) percentiles. All continuous variables were checked for
normality using the Kolmogorov–Smirnov test; if not normal, the non-Gaussian variable
was transformed to the log transform. Categorical variables were presented in percentages
(%). An independent pair t-test was used to check the mean and median changes of the pre-
and post-Gaussian variables, and Wilcoxon tests were used for non-Gaussian variables even
if they transform; however, as stated, this is not normal for gaussian variables. Correlations
between variables were conducted using Spearman’s and Pearson’s correlation analysis. A
p-value < 0.05 was considered statistically significant.

5. Conclusions

In conclusion, the present study suggests that VD supplementation can influence
CPN, NOx, and HDL cholesterol production, particularly in males. VD supplementation
increased CPN levels but decreased HDL cholesterol and NOx production, possibly due to
the reduction in inflammatory conditions caused by VD. CPN was significantly inversely
correlated with NOx among male subjects’ post-supplementation. Further research is
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needed to fully understand the mechanisms underlying these effects and to determine the
optimal dosages for VD supplementation.

Author Contributions: Conceptualization, N.M.A.-D.; methodology, S.A. and A.H.A.; formal anal-
ysis, M.N.K.K.; writing—original draft preparation, S.M.Y.; validation A.A.A.-M. All authors have
read and agreed to the published version of the manuscript.

Funding: The authors extend their appreciation to the Deputyship for Research & Innovation, Ministry
of Education in Saudi Arabia for funding this research work via project no. (IFKSURG-2-1777).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Ethical approval was from the Institutional Review Board (IRB) of King Fahad Medical
City, Riyadh, Saudi Arabia (IRB No: FWA00018774).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request from the corresponding author.

Acknowledgments: The authors thank all nurses and study coordinators who helped screen par-
ticipants, blood, and data collection as well as Synergy Pharma, Dubai, UAE for the provision of
VD supplements.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Palacios, C.; Gonzalez, L. Is vitamin D deficiency a major global public health problem? J. Steroid Biochem. Mol. Biol. 2014,

144 Pt A, 138–145. [CrossRef]
2. Roth, D.E.; Abrams, S.A.; Aloia, J.; Bergeron, G.; Bourassa, M.W.; Brown, K.H.; Calvo, M.S.; Cashman, K.D.; Combs, G.; De-Regil,

L.M.; et al. Global prevalence and disease burden of vitamin D deficiency: A roadmap for action in low- and middle-income
countries. Ann. N. Y. Acad. Sci. 2018, 1430, 44–79. [CrossRef] [PubMed]

3. Siddiqee, M.H.; Bhattacharjee, B.; Siddiqi, U.R.; MeshbahurRahman, M. High prevalence of vitamin D deficiency among the
South Asian adults: A systematic review and meta-analysis. BMC Public Health 2021, 21, 1823. [CrossRef]

4. Al-Daghri, N.M. Vitamin D in Saudi Arabia: Prevalence, distribution and disease associations. J. Steroid Biochem. Mol. Biol. 2018,
175, 102–107. [CrossRef] [PubMed]

5. Al-Daghri, N.M.; Hussain, S.D.; Ansari, M.G.A.; Khattak, M.N.K.; Aljohani, N.; Al-Saleh, Y.; Al-Harbi, M.Y.; Sabico, S.; Alokail,
M.S. Decreasing prevalence of vitamin D deficiency in the central region of Saudi Arabia (2008–2017). J. Steroid Biochem. Mol. Biol.
2021, 212, 105920. [CrossRef]

6. Holick, M.F. The role of vitamin D for bone health and fracture prevention. Curr. Osteoporos. Rep. 2006, 4, 96–102. [CrossRef]
[PubMed]

7. Holick, M.F. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, cancers, and cardiovascular disease.
Am. J. Clin. Nutr. 2004, 80, 1678S–1688S. [CrossRef] [PubMed]

8. Kendrick, J.; Targher, G.; Smits, G.; Chonchol, M. 25-Hydroxyvitamin D deficiency is independently associated with cardiovascular
disease in the Third National Health and Nutrition Examination Survey. Atherosclerosis 2009, 205, 255–260. [CrossRef]

9. Li, X.; Liu, Y.; Zheng, Y.; Wang, P.; Zhang, Y. The Effect of Vitamin D Supplementation on Glycemic Control in Type 2 Diabetes
Patients: A Systematic Review and Meta-Analysis. Nutrients 2018, 10, 375. [CrossRef]

10. Jia, J.; Hu, J.; Huo, X.; Miao, R.; Zhang, Y.; Ma, F. Effects of vitamin D supplementation on cognitive function and blood
Abeta-related biomarkers in older adults with Alzheimer’s disease: A randomised, double-blind, placebo-controlled trial. J.
Neurol. Neurosurg. Psychiatry 2019, 90, 1347–1352. [CrossRef] [PubMed]

11. Ferrillo, M.; Migliario, M.; Marotta, N.; Lippi, L.; Antonelli, A.; Calafiore, D.; Ammendolia, V.; Fortunato, L.; Reno, F.;
Giudice, A.; et al. Oral Health in Breast Cancer Women with Vitamin D Deficiency: A Machine Learning Study. J. Clin. Med. 2022,
11, 4662. [CrossRef] [PubMed]

12. Ferrillo, M.; Migliario, M.; Roccuzzo, A.; Molinero-Mourelle, P.; Falcicchio, G.; Umano, G.R.; Pezzotti, F.; Foglio Bonda, P.L.;
Calafiore, D.; de Sire, A. Periodontal Disease and Vitamin D Deficiency in Pregnant Women: Which Correlation with Preterm and
Low-Weight Birth? J. Clin. Med. 2021, 10, 4578. [CrossRef]

13. Matthews, K.W.; Mueller-Ortiz, S.L.; Wetsel, R.A. Carboxypeptidase N: A pleiotropic regulator of inflammation. Mol. Immunol.
2004, 40, 785–793. [CrossRef]

14. Erdos, E.G.; Sloane, E.M. An enzyme in human blood plasma that inactivates bradykinin and kallidins. Biochem. Pharmacol. 1962,
11, 585–592. [CrossRef] [PubMed]

15. Bokisch, V.A.; Muller-Eberhard, H.J. Anaphylatoxin inactivator of human plasma: Its isolation and characterization as a
carboxypeptidase. J. Clin. Investig. 1970, 49, 2427–2436. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jsbmb.2013.11.003
https://doi.org/10.1111/nyas.13968
https://www.ncbi.nlm.nih.gov/pubmed/30225965
https://doi.org/10.1186/s12889-021-11888-1
https://doi.org/10.1016/j.jsbmb.2016.12.017
https://www.ncbi.nlm.nih.gov/pubmed/28027916
https://doi.org/10.1016/j.jsbmb.2021.105920
https://doi.org/10.1007/s11914-996-0028-z
https://www.ncbi.nlm.nih.gov/pubmed/16907998
https://doi.org/10.1093/ajcn/80.6.1678S
https://www.ncbi.nlm.nih.gov/pubmed/15585788
https://doi.org/10.1016/j.atherosclerosis.2008.10.033
https://doi.org/10.3390/nu10030375
https://doi.org/10.1136/jnnp-2018-320199
https://www.ncbi.nlm.nih.gov/pubmed/31296588
https://doi.org/10.3390/jcm11164662
https://www.ncbi.nlm.nih.gov/pubmed/36012901
https://doi.org/10.3390/jcm10194578
https://doi.org/10.1016/j.molimm.2003.10.002
https://doi.org/10.1016/0006-2952(62)90119-3
https://www.ncbi.nlm.nih.gov/pubmed/13890520
https://doi.org/10.1172/JCI106462
https://www.ncbi.nlm.nih.gov/pubmed/4098172


Int. J. Mol. Sci. 2023, 24, 7711 11 of 12

16. Michelutti, L.; Falter, H.; Certossi, S.; Marcotte, B.; Mazzuchin, A. Isolation and purification of creatine kinase conversion factor
from human serum and its identification as carboxypeptidase N. Clin. Biochem. 1987, 20, 21–29. [CrossRef]

17. Plow, E.F.; Allampallam, K.; Redlitz, A. The plasma carboxypeptidases and the regulation of the plasminogen system. Trends
Cardiovasc. Med. 1997, 7, 71–75. [CrossRef]

18. Ji, L.; Wu, H.T.; Qin, X.Y.; Lan, R. Dissecting carboxypeptidase E: Properties, functions and pathophysiological roles in disease.
Endocr. Connect. 2017, 6, R18–R38. [CrossRef]

19. Lundberg, J.O.; Weitzberg, E. Nitric oxide signaling in health and disease. Cell 2022, 185, 2853–2878. [CrossRef]
20. Khan, B.V.; Harrison, D.G.; Olbrych, M.T.; Alexander, R.W.; Medford, R.M. Nitric oxide regulates vascular cell adhesion molecule

1 gene expression and redox-sensitive transcriptional events in human vascular endothelial cells. Proc. Natl Acad. Sci. USA 1996,
93, 9114–9119. [CrossRef]

21. Gudi, T.; Hong, G.K.; Vaandrager, A.B.; Lohmann, S.M.; Pilz, R.B. Nitric oxide and cGMP regulate gene expression in neuronal
and glial cells by activating type II cGMP-dependent protein kinase. FASEB J. 1999, 13, 2143–2152. [CrossRef] [PubMed]

22. Pantopoulos, K.; Hentze, M.W. Nitric oxide signaling to iron-regulatory protein: Direct control of ferritin mRNA translation
and transferrin receptor mRNA stability in transfected fibroblasts. Proc. Natl. Acad. Sci. USA 1995, 92, 1267–1271. [CrossRef]
[PubMed]

23. Liu, X.B.; Hill, P.; Haile, D.J. Role of the ferroportin iron-responsive element in iron and nitric oxide dependent gene regulation.
Blood Cells Mol. Dis. 2002, 29, 315–326. [CrossRef] [PubMed]

24. Winlaw, D.S.; Smythe, G.A.; Keogh, A.M.; Schyvens, C.G.; Spratt, P.M.; Macdonald, P.S. Increased nitric oxide production in heart
failure. Lancet 1994, 344, 373–374. [CrossRef]

25. Higashino, H.; Miya, H.; Mukai, H.; Miya, Y. Serum nitric oxide metabolite (NO(x)) levels in hypertensive patients at rest: A
comparison of age, gender, blood pressure and complications using normotensive controls. Clin. Exp. Pharmacol. Physiol. 2007, 34,
725–731. [CrossRef] [PubMed]

26. Maejima, K.; Nakano, S.; Himeno, M.; Tsuda, S.; Makiishi, H.; Ito, T.; Nakagawa, A.; Kigoshi, T.; Ishibashi, T.; Nishio, M.; et al.
Increased basal levels of plasma nitric oxide in Type 2 diabetic subjects. Relationship to microvascular complications. J. Diabetes
Complicat. 2001, 15, 135–143. [CrossRef] [PubMed]

27. Willems, H.M.; van den Heuvel, E.G.; Carmeliet, G.; Schaafsma, A.; Klein-Nulend, J.; Bakker, A.D. VDR dependent and
independent effects of 1,25-dihydroxyvitamin D3 on nitric oxide production by osteoblasts. Steroids 2012, 77, 126–131. [CrossRef]

28. Holick, M.F. Vitamin D deficiency. N. Engl. J. Med. 2007, 357, 266–281. [CrossRef] [PubMed]
29. Molinari, C.; Uberti, F.; Grossini, E.; Vacca, G.; Carda, S.; Invernizzi, M.; Cisari, C. 1alpha,25-dihydroxycholecalciferol induces

nitric oxide production in cultured endothelial cells. Cell. Physiol. Biochem. 2011, 27, 661–668. [CrossRef]
30. Garcion, E.; Nataf, S.; Berod, A.; Darcy, F.; Brachet, P. 1,25-Dihydroxyvitamin D3 inhibits the expression of inducible nitric oxide

synthase in rat central nervous system during experimental allergic encephalomyelitis. Brain Res. Mol. Brain Res. 1997, 45,
255–267. [CrossRef]

31. van der Meijden, K.; Bakker, A.D.; van Essen, H.W.; Heijboer, A.C.; Schulten, E.A.; Lips, P.; Bravenboer, N. Mechanical loading
and the synthesis of 1,25(OH)2D in primary human osteoblasts. J. Steroid Biochem. Mol. Biol. 2016, 156, 32–39. [CrossRef]

32. Perez-Lopez, F.R.; Chedraui, P.; Haya, J. Review article: Vitamin D acquisition and breast cancer risk. Reprod. Sci. 2009, 16, 7–19.
[CrossRef] [PubMed]

33. Hadkar, V.; Sangsree, S.; Vogel, S.M.; Brovkovych, V.; Skidgel, R.A. Carboxypeptidase-mediated enhancement of nitric oxide
production in rat lungs and microvascular endothelial cells. Am. J. Physiol. Lung Cell. Mol. Physiol. 2004, 287, L35–L45. [CrossRef]
[PubMed]

34. Hadkar, V.; Skidgel, R.A. Carboxypeptidase D is up-regulated in raw 264.7 macrophages and stimulates nitric oxide synthesis by
cells in arginine-free medium. Mol. Pharmacol. 2001, 59, 1324–1332. [CrossRef] [PubMed]

35. Hirst, D.G.; Robson, T. Nitric oxide physiology and pathology. In Nitric Oxide; Methods in Molecular Biology; Humana Press:
Totowa, NJ, USA, 2011; Volume 704, pp. 1–13. [CrossRef]

36. Cannon, R.O., 3rd. Role of nitric oxide in cardiovascular disease: Focus on the endothelium. Clin. Chem. 1998, 44, 1809–1819.
[CrossRef]

37. Pacher, P.; Beckman, J.S.; Liaudet, L. Nitric oxide and peroxynitrite in health and disease. Physiol. Rev. 2007, 87, 315–424.
[CrossRef]

38. Abramson, S.B. Nitric oxide in inflammation and pain associated with osteoarthritis. Arthritis Res. Ther. 2008, 10 (Suppl. 2), S2.
[CrossRef]

39. Moellering, D.; Mc Andrew, J.; Patel, R.P.; Forman, H.J.; Mulcahy, R.T.; Jo, H.; Darley-Usmar, V.M. The induction of GSH synthesis
by nanomolar concentrations of NO in endothelial cells: A role for gamma-glutamylcysteine synthetase and gamma-glutamyl
transpeptidase. FEBS Lett. 1999, 448, 292–296. [CrossRef]

40. Umansky, V.; Hehner, S.P.; Dumont, A.; Hofmann, T.G.; Schirrmacher, V.; Droge, W.; Schmitz, M.L. Co-stimulatory effect of
nitric oxide on endothelial NF-kappaB implies a physiological self-amplifying mechanism. Eur. J. Immunol. 1998, 28, 2276–2282.
[CrossRef]

41. Wolkow, P.P. Involvement and dual effects of nitric oxide in septic shock. Inflamm. Res. 1998, 47, 152–166. [CrossRef]
42. Austin, P.F.; Casale, A.J.; Cain, M.P.; Rink, R.C.; Weintraub, S.J. Lipopolysaccharide and inflammatory cytokines cause an inducible

nitric oxide synthase-dependent bladder smooth muscle fibrotic response. J. Urol. 2003, 170, 645–648. [CrossRef]

https://doi.org/10.1016/S0009-9120(87)80093-0
https://doi.org/10.1016/S1050-1738(97)00012-1
https://doi.org/10.1530/EC-17-0020
https://doi.org/10.1016/j.cell.2022.06.010
https://doi.org/10.1073/pnas.93.17.9114
https://doi.org/10.1096/fasebj.13.15.2143
https://www.ncbi.nlm.nih.gov/pubmed/10593861
https://doi.org/10.1073/pnas.92.5.1267
https://www.ncbi.nlm.nih.gov/pubmed/7533289
https://doi.org/10.1006/bcmd.2002.0572
https://www.ncbi.nlm.nih.gov/pubmed/12547222
https://doi.org/10.1016/S0140-6736(94)91403-6
https://doi.org/10.1111/j.1440-1681.2007.04617.x
https://www.ncbi.nlm.nih.gov/pubmed/17600548
https://doi.org/10.1016/S1056-8727(01)00144-1
https://www.ncbi.nlm.nih.gov/pubmed/11358682
https://doi.org/10.1016/j.steroids.2011.10.015
https://doi.org/10.1056/NEJMra070553
https://www.ncbi.nlm.nih.gov/pubmed/17634462
https://doi.org/10.1159/000330075
https://doi.org/10.1016/S0169-328X(96)00260-4
https://doi.org/10.1016/j.jsbmb.2015.11.014
https://doi.org/10.1177/1933719108327595
https://www.ncbi.nlm.nih.gov/pubmed/19144887
https://doi.org/10.1152/ajplung.00346.2003
https://www.ncbi.nlm.nih.gov/pubmed/14977629
https://doi.org/10.1124/mol.59.5.1324
https://www.ncbi.nlm.nih.gov/pubmed/11306718
https://doi.org/10.1007/978-1-61737-964-2_1
https://doi.org/10.1093/clinchem/44.8.1809
https://doi.org/10.1152/physrev.00029.2006
https://doi.org/10.1186/ar2463
https://doi.org/10.1016/S0014-5793(99)00371-3
https://doi.org/10.1002/(SICI)1521-4141(199808)28:08&lt;2276::AID-IMMU2276&gt;3.0.CO;2-H
https://doi.org/10.1007/s000110050309
https://doi.org/10.1097/01.ju.0000068727.22429.e8


Int. J. Mol. Sci. 2023, 24, 7711 12 of 12

43. Lopez-Candales, A.; Hernandez Burgos, P.M.; Hernandez-Suarez, D.F.; Harris, D. Linking Chronic Inflammation with Cardiovas-
cular Disease: From Normal Aging to the Metabolic Syndrome. J. Nat. Sci. 2017, 3, e341. [PubMed]

44. Il’yasova, D.; Colbert, L.H.; Harris, T.B.; Newman, A.B.; Bauer, D.C.; Satterfield, S.; Kritchevsky, S.B. Circulating levels of
inflammatory markers and cancer risk in the health aging and body composition cohort. Cancer Epidemiol. Biomark. Prev. 2005, 14,
2413–2418. [CrossRef] [PubMed]

45. Sabico, S.; Wani, K.; Grant, W.B.; Al-Daghri, N.M. Improved HDL Cholesterol through Vitamin D Status Correction Substantially
Lowers 10-Year Atherosclerotic Cardiovascular Disease Risk Score in Vitamin D-Deficient Arab Adults. Nutrients 2023, 15, 551.
[CrossRef] [PubMed]

46. Barrett-Connor, E.; Bush, T.L. Estrogen and coronary heart disease in women. JAMA 1991, 265, 1861–1867. [CrossRef]
47. Al Saleh, Y.; Beshyah, S.A.; Hussein, W.; Almadani, A.; Hassoun, A.; Al Mamari, A.; Ba-Essa, E.; Al-Dhafiri, E.; Hassanein, M.;

Fouda, M.A.; et al. Diagnosis and management of vitamin D deficiency in the Gulf Cooperative Council (GCC) countries: An
expert consensus summary statement from the GCC vitamin D advisory board. Arch. Osteoporos. 2020, 15, 35. [CrossRef]

48. Al-Daghri, N.M.; Bukhari, I.; Yakout, S.M.; Sabico, S.; Khattak, M.N.K.; Aziz, I.; Alokail, M.S. Associations of Serum Nitric Oxide
with Vitamin D and Other Metabolic Factors in Apparently Healthy Adolescents. Biomed. Res. Int. 2018, 2018, 1489132. [CrossRef]

49. Choi, J.W. Enhanced nitric oxide production is closely associated with serum lipid concentrations in adolescents. Clin. Chim. Acta
2004, 347, 151–156. [CrossRef]

50. Kildsgaard, J.; Hollmann, T.J.; Matthews, K.W.; Bian, K.; Murad, F.; Wetsel, R.A. Cutting edge: Targeted disruption of the
C3a receptor gene demonstrates a novel protective anti-inflammatory role for C3a in endotoxin-shock. J. Immunol. 2000, 165,
5406–5409. [CrossRef]

51. Moreau, M.E.; Garbacki, N.; Molinaro, G.; Brown, N.J.; Marceau, F.; Adam, A. The kallikrein-kinin system: Current and future
pharmacological targets. J. Pharmacol. Sci. 2005, 99, 6–38. [CrossRef]

52. Hall, J.M. Bradykinin receptors. Gen. Pharmacol. 1997, 28, 1–6. [CrossRef] [PubMed]
53. Bae, S.W.; Kim, H.S.; Cha, Y.N.; Park, Y.S.; Jo, S.A.; Jo, I. Rapid increase in endothelial nitric oxide production by bradykinin is

mediated by protein kinase A signaling pathway. Biochem. Biophys. Res. Commun. 2003, 306, 981–987. [CrossRef]
54. Al-Attas, O.S.; Al-Daghri, N.M.; Alkharfy, K.M.; Alokail, M.S.; Al-Johani, N.J.; Abd-Alrahman, S.H.; Yakout, S.M.; Draz, H.M.;

Sabico, S. Urinary iodine is associated with insulin resistance in subjects with diabetes mellitus type 2. Exp. Clin. Endocrinol.
Diabetes 2012, 120, 618–622. [CrossRef] [PubMed]

55. Aldawsari, G.M.; Sabico, S.; Alamro, A.A.; Alenad, A.; Wani, K.; Alnaami, A.M.; Khattak, M.N.K.; Masoud, M.S.; Al-Daghri, N.M.;
Alokail, M.S. Angiogenin Levels and Their Association with Cardiometabolic Indices Following Vitamin D Status Correction in
Saudi Adults. Biology 2022, 11, 286. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ncbi.nlm.nih.gov/pubmed/28670620
https://doi.org/10.1158/1055-9965.EPI-05-0316
https://www.ncbi.nlm.nih.gov/pubmed/16214925
https://doi.org/10.3390/nu15030551
https://www.ncbi.nlm.nih.gov/pubmed/36771260
https://doi.org/10.1001/jama.1991.03460140089033
https://doi.org/10.1007/s11657-020-0709-8
https://doi.org/10.1155/2018/1489132
https://doi.org/10.1016/j.cccn.2004.04.024
https://doi.org/10.4049/jimmunol.165.10.5406
https://doi.org/10.1254/jphs.SRJ05001X
https://doi.org/10.1016/S0306-3623(96)00174-7
https://www.ncbi.nlm.nih.gov/pubmed/9112069
https://doi.org/10.1016/S0006-291X(03)01086-6
https://doi.org/10.1055/s-0032-1323816
https://www.ncbi.nlm.nih.gov/pubmed/23203253
https://doi.org/10.3390/biology11020286
https://www.ncbi.nlm.nih.gov/pubmed/35205153

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Study Design and Population 
	VD Intervention 
	Measurement of Biochemical Markers 
	Sample Size Calculation and Statistical Analysis 

	Conclusions 
	References

