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Abstract  Background: High sensitive C-reactive protein (hs-CRP) is acute-phase protein which described as sensitive 
systemic marker of inflammation and tissue damage especially in cardiovascular disease (CVD). Vitamin D may reduce 
hypertension prevalence and its complication since vitamin D deficiency is associated with CVD, therefore this study aims to 
evaluate hs-CRP as a predictor marker for CVD in vitamin D deficient hypertensive patients. Materials and Methods: In 
cross-sectional study 176 hypertensive patients were enrolled (92 male, 84 female), then classified based on vitamin D results 
into normal (>20 ng/ml) and case (<20 ng/ml) groups. Serum vitamin D level was estimated using competitive ELISA assay 
and serum hs-CRP level was measured by Cobas C-311 automated analyzer, TG, HDL-C and total cholesterol were measured 
using enzymatic spectrophotometric methods whereas LDL-C and LDL:HDL ratio were calculated. Results: hs-CRP was 
significantly increased in vitamin D deficient compared to control group with p-value 0.049, also significantly higher in 
overweight hypertensive patient’s p-value 0.014. Vitamin D deficient was observed in female, overweight and >5 years 
duration of hypertension subjects in comparison with male, normal weight and <5 years with p-values (0.000, 0.005 and 
0.041) respectively. Cholesterol was significantly higher in overweight group p-values 0.045, while LDL level was 
significantly higher and HDL was significantly lower in >5 years duration of hypertension. Conclusions: The study 
concludes hs-CRP is useful predictor marker for cardiovascular disease in vitamin D deficient hypertensive patients. Vitamin 
D deficient are more common in overweight and female hypertensive patients, which may increase risk of atherosclerosis, so 
monitoring of hs-CRP has predictor values.   
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1. Introduction 
Hypertension (HTN) is defined as persistent systolic 

blood pressure (BP) of at least 140 mm Hg and/or diastolic 
pressure of at least 90 mm Hg, or BP that is controlled to 
guideline-recommended levels using antihypertensive 
medication [1-3]. High blood pressure (BP) is a major health 
problem throughout the world because of its high prevalence 
and its association with increased risk of cardiovascular 
disease [4]. In 2005, approximately 75 million people had 
high BP: 34 million males and 39 million females. Earlier 
studies of hypertension prevalence in the Sudan were 
estimated at 7.5% [5]. Essential hypertension is systemic 
hypertension of unknown cause that results from 
dysregulation of normal homeostatic control mechanisms of 
blood pressure in the absence of detectable known secondary  
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causes over 95% of all cases of hypertension are in this 
category [2]. 

For most primary care providers, hyperlipidemia is 
defined as elevations of fasting total cholesterol 
concentration which may or may not be associated with 
elevated TG Concentration [6]. Although Hyperlipidemia is 
present in only half of all patients who develop coronary 
heart disease [7], Health care providers are concerned about 
hyperlipidemia because of the well-established association 
between lipid concentrations and the risk of CVD, the 
leading cause of death in the United States [6]. Over the past 
several years evidence has accumulated that inflammatory 
mechanisms play a pivotal role in the genesis of 
atherosclerosis and thus its complications [7]. 
Atherosclerosis is an inflammatory disease. Because high 
plasma concentrations of cholesterol, in particular those of 
low-density lipoprotein (LDL) cholesterol, are one of the 
principal risk factors for atherosclerosis, the process of 
atherogenesis has been considered by many to consist largely 
of the accumulation of lipids within the artery wall [8]. 
Attention has thus focused on whether circulating markers of 
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inflammation can provide a new method to improve 
cardiovascular risk prediction, one of these inflammatory 
markers is hs-CRP which has been the best studied. 
Produced in the liver in response to interleukin-6, hs-CRP 
has been shown to predict myocardial infarction, stroke and 
vascular death in a variety of clinical settings. hs-CRPalso 
appear to have predictive value in both stable and unstable 
angina as well as in the chronic phase after myocardial 
infarction, an intriguing finding in light of the emerging role 
of inflammation in determining plaque stability [7]. Resent 
research suggest that patients with elevated basal levels of 
CRP are at increased risk of diabetes, hypertension and 
cardiovascular disease [9]. It has been hypothesized that a 
high CRP levels might reflect a large benefit from statins. 
This is based on the JUPITER trial that found elevated CRP 
levels without hyperlipidemia benefited. Statins were 
selected because they have been proven to reduce levels of 
CRP [10]. A subsequent trial however failed to find that CRP 
was useful for determining statin benefit [11]. To clarify 
whether CRP is a bystander or active participant in 
atherogenesis, a 2008 study compared people with various 
genetic CRP variants. Those with a high CRP due to genetic 
variation had no increased risk of cardiovascular disease 
compare to those with a normal or low CRP [12]. 

Vitamin D is a fat soluble vitamin with well-known 
functions in bone homeostasis and metabolism. Research 
carried out over recent decades indicates that vitamin D 
deficiency plays an important role in many non-skeletal 
diseases such as hypertension and CVD. The vitamin D 
receptor (VDR) is found within various tissues and the 
α1-hydroxy enzyme (which converts 25-hydroxyvitamin D 
(25(OH) D) to 1,25 (OH) 2-D, the active form of vitamin D) 
is found locally. The effect of vitamin D on regulation of the 
lipid profile is one of the proposed mechanisms for the 
relationship between vitamin D deficiency and CVD [13]. 
Since both vitamin D deficiency and inflammation, have 
been linked to cardiovascular diseases by the modulatory 
effect of vitamin D on rennin-angiotensin system (RAS) as 
well as its inhibitory effect on vascular smooth muscle 
hypertrophy [14]. Angiotensin II can contribute to 
atherogenesis by stimulating the growth of smooth muscle 
by binds to specific receptors on smooth muscle, resulting in 
the activation of phospholipase C, which can lead to 
increases in intracellular calcium concentrations and in 
smooth-muscle contraction, increased protein synthesis, and 
smooth-muscle hypertrophy. It also increases 
smooth-muscle lipoxygenase activity, which can increase 
inflammation and the oxidation of LDL [15]. Hypertension 
also has proinflammatory actions, increasing the formation 
of hydrogen peroxide and free radicals such as superoxide 
anion and hydroxyl radicals which reduce the formation of 
nitric oxide by the endothelium thus increase leukocyte 
adhesion [15]. Vitamin D may inhibit the Ras by reducing 
renin gene expression, increasing 1,25(OH)2D 
concentrations were associated with lower plasma renin 

activity in hypertension, both 25(OH)D and 1,25(OH)D 
were inversely associated with plasma renin and angiotensin 
II concentrations [15, 16].  

2. Materials and Methods 
In this cross-sectional study, 176 diagnosed as 

hypertensive patients aged 21 to 80 years (92 males and 84 
females) from different Sudanese hospitals were included. 
Hypertensive patients with inflammation, autoimmune 
diseases, diabetes, renal diseases and/or hypertensive under 
vitamin D supplementation were excluded from this study. 
Overnight fasting (5 ml) peripheral blood was withdrawn. 
Serum was obtained by centrifugation of blood at 3000 rpm 
for 10 min and stored at −20°C. 

2.1. Ethical Consideration 

The study has been approved by the local ethics 
committee of Al-Neelain University. All participants in the 
study were given their written informed consent considering 
the aims of the study and sample and clinical information’s 
were used anonymously. 

2.2. Measurement of BMI  

Anthropometric data including weight and height were 
measured thus body mass index (BMI) was defined as 
weight (kg) divided by height squared (m2). 

2.3. Estimation of Vitamin D 

Briefly according to manufactured, vitamin D Serum 
levels were measured using the competitive inhibition 
Enzyme linked immune sorbent assay or ELISA 
(EUROIMMUN, AG German). Sample (200 μl) was diluted 
with biotin in microplate well which coated with monoclonal 
anti vitamin D antibodies, during incubation an unknown 
amount of 25-OH vitamin D were competed for the antibody 
sites while unbound 25-OH vitamin D was removal by 
washing. Streptavidin-peroxidase (100 μl) was added to 
detect bound biotin labeled 25-OH vitamin D then 
peroxidase substrate tetramethylbenzidine (TMB) (100 μl) 
was added to promote a color reaction. The color intensity 
was inversely proportional to the 25-OH vitamin D 
concentration in the sample. Samples results were calculated 
by using standard curve (SUNRISE-TECAN). 

2.4. Estimation of hs-CRP 

According to the procedure provided, serum levels of 
Hs-CRP were measured using the Particle enhanced 
immunoturbidimetric assay method (Cobas C 311 automated 
chemistry analyzer). Human CRP agglutinates with latex 
particles coated with monoclonal anti-CRP antibodies. The 
precipitate is determined turbidimetrically, samples 
dispensed and all processes done automatically and 
concentration obtained for each sample. 
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2.5. Estimation of Lipid Profile 

Triglycerides was catalysed by glycerokinase peroxidise 
peroxidase method through sequences of enzymatic catalysis 
steps by lipases, triglyceride catalyzed yield H2O2 which 
oxidized to yield colour dye of quinonimine, the absorbance 
increase directly proportional to the concentration of 
triglycerides. Cholesterol also catalyzed to yield H2O2 which 
oxidized for amino anti-pyrine with phenol to form colour 
dye of quinoneimine, the absorbance increase directly 
proportional to concentration of cholesterol were measured 
spectrophotometrically using BTS-310 Biosystem. Briefly 
LDL-C and HDL-C were measured using precipitation 
methods by the same principle and procedure used for 
cholesterol estimation.    

2.6. Statistical Analysis 

The Student’s t-test was employed to compare differences 
between the means of continuous variables. P-values less 
than 0.05 were considered statistically significant. Data were 
analyzed by SPSS statistical package of social science 
(version 16.0; SPSS Inc.). 

3. Results 
3.1. Study Variables in Case and Control Groups  

The results showed mean hs-CRP level was significantly 
higher in case (12.4±3.7 mg/l) compared with control 
(6.8±2.6 mg/l) with p-value 0.041, in addition all mean lipid 
parameters level showed insignificant differences when 
compared case with control groups (Table 1). 

Table 1.  Mean concentration of hs-CRP and lipid profile among control 
(Normal vitamin D level >20 ng/ml) and case (Vitamin D deficient <20 
ng/ml) groups, results are expressed as Mean ± SD and statistical significant 
were considered as p-value ≤ 0.05 

P-value Case Control Variable 

0.041 12.4±3.7 6.8±2.6 hs-CRP (mg/l) 

0.662 209±46 205±50 Cholesterol (mg/dl) 

0.337 158±43 142±67 Triglyceride (mg/dl) 

0.697 135±53 131±48 LDL-C (mg/dl) 

0.532 43±22 46±23 HDL-C (mg/dl) 

0.642 5.1±0.7 4.7±0.8 LDL/HDL Ratio 

3.2. Study Variables among Gender 

In our study 176 hypertensive patients 92 (52.3%) were 
males 82 (47.7%) were females. The percentage of 
overweight is slightly higher in male 80.4% than in female 
66.7%., in contrast hypertensive male tend to have normal 
vitamin D level (30 ± 3.3 ng/ml) in comparison with female 
which tend have vitamin D deficient (14.6 ± 1.6 ng/ml) with 
(p-value 0.000). In addition lipid profile showed 
insignificant differences among gender (Table. 2).  

Table 2.  Mean concentration of vitamin D, hs-CRP and lipid profile in 
male and female, results are expressed as Mean ± SD and statistical 
significant were considered as p-value≤ 0.05 

P-value Females Males Variables 

0.000 14.6±1.6 30±3.3 Vitamin D (ng/ml) 

0.370 41±4.3 46±2.7 hs-CRP (mg/l) 

0.257 214±53 202±40 Cholesterol (mg/dl) 

0.390 160±84 145±72 Triglyceride (mg/dl) 

0.128 142±57 125±44 LDL-C (mg/dl) 

0.890 39±20 48±23 HDL-C (mg/dl) 

0.273 5.7±0.9 4.3±0.6 LDL/HDL Ratio 

3.3. Study Parameters in Groups Classified according to 
BMI 

Results showed overweight subjects (17±1.7 ng/ml) tend 
to have vitamin Ddeficient more than normal weight (29±3.7 
ng/ml) with p-value 0.005, whereas hs-CRP was 
significantly higher in overweight (12.4±3 mg/l) than normal 
weight (3.9±0.7 mg/l) with p-value 0.014, also cholesterol 
was significantly increased in overweight (217±50 mg/dl) in 
comparison with normal weight (196±41 mg/dl) with 
p-value 0.045. All others parameters showed insignificant 
difference (Table 3). 

Table 3.  Mean vitamin D, hs-CRP and lipid profile level in normal weight 
(BMI <26.5) and overweight (BMI >26.5) subjects, results are expressed as 
Mean ± SD and statistical significant were considered as p-value ≤ 0.05 

P-value Over-weight Normal weight Variable 

0.005 17±1.7 29±3.7 Vitamin D (ng/ml) 

0.014 12.4±3 3.9±0.7 hs-CRP (mg/l) 

0.045 217±50 196±41 Cholesterol (mg/dl) 

0.134 164±89 139±61 Triglyceride(mg/dl) 

0.558 136±58 130±43 LDL-C (mg/dl) 

0.061 48±25 39±19 HDL-C (mg/dl) 

0.496 5.3±0.9 4.6±0.5 LDL/HDL Ratio 

3.4. Study Parameters among Groups Classified 
according to Duration of the Hypertension  

Table 4.  Mean vitamin D, hs CRP and lipid profile level among duration of 
the disease (5 years and less) and (>5 years) subjects, results are expressed 
as Mean ± SD and statistical significant were considered as p-value ≤ 0.05 

P-value > 5 years 5 Years and less Variable 

0.041 18±2.2 25±2.9 Vitamin D (ng/ml) 

0.318 14±5.6 8±2.2 hs-CRP (mg/l) 

0.509 212±60 205±37 Cholesterol (mg/dl) 

0.054 130±77 164±75 Triglyceride (mg/dl) 

0.037 149±56 124±45 LDL-C (mg/dl) 

0.034 37±18 47±23 HDL-C (mg/dl) 

0.314 5.7±0.7 4.6±0.7 LDL/HDL Ratio 
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The results showed mean vitamin D and HDL-C level 
were significantly lower in >5 years duration of hypertension 
compared with those <5 years duration of hypertension with 
p-value 0.014 and 0.034 respectively. LDL-C was 
significantly higher in>5 years of hypertensive compared <5 
years duration of hypertension with p-value 0.037. Whereas 
all others parameters showed insignificant difference (Table 
4).    

4. Discussion 
Previous studies reported that hypertension is in part an 

inflammatory, therefor observed an elevated levels of CRP 
in hypertensive individuals, which hypothesize that CRP 
may induce a decrease in endothelium dependent relaxation 
thus a potential risk factor for hypertension, reverse 
causation might also be implicated, whereby high blood 
pressure may induce inflammation and raise CRP levels 
[17-20]. Since both vitamin D deficiency and inflammation 
have been linked to cardiovascular disease, by the 
modulatory effect of vitamin D on rennin-angiotensin 
system as well as its inhibitory effect on vascular smooth 
muscle hypertrophy [14]. Accordingly the results of present 
study showed significant increase in hs-CRP of case in 
comparison with control group with (p-value 0.041). In fact 
that hs-CRP is marker for cardiovascular disease our results 
indicates hs-CRP could by useful predictor marker for 
cardiovascular disease in deficient hypertensive patients. 
Hence insufficient vitamin D status may lead to impaired 
immune function, with an increased vulnerability to 
proinflammatory state, by mechanism of decrease 
concentrations of inflammatory cytokines like TNFα and 
IL-6, while increasing secretion of the anti-inflammatory 
cytokine IL-10. In addition hypertensive elderly patients 
showed significant negative associations between vitamin D 
and the pro-inflammatory markers IL-6 and CRP, similar 
observation was made that, vitamin D deficiency is 
independently associated with elevated hs-CRP, but this 
observation was made on children and young adults with 
lupus erythematosus [17, 21, 22]. 

The results of independent t-test showed mean vitamin D 
level was significantly lower in female than male with 
(P-value 0.000), thus females were more susceptible to 
vitamin D deficiency than males, the possible justification 
for our results is that males spend more time outdoors and 
women wear sun protective clothing and avoid sun 
exposure which may affect vitamin D synthesis [23-26]. In 
contrast the results of hs-CRP showed insignificant 
difference concerning to gender with (P-value 0.374). This 
finding was agreed with studies performed in Nigeria and 
India [17, 19]. In this study the results of mean concentration 
of cholesterol, triglyceride, LDL, HDL and LDL/HDL Ratio 
revealed insignificant differences when compared male with 
female with P-values (0.257, 0.390, 0.128, 0.890 and 0.273) 
respectively in gender variation. 

To our knowledge the current research is the first study 

link between hypertension, vitamin D, CRP and BMI, which 
reported there was significant decrease in mean vitamin D 
level of overweight in comparison with normal weight 
groups with (P-value 0.005). in fact previous studies 
reported obese subjects had significantly lower basal 
25-hydroxyvitamin D concentrations than did age-matched 
control subjects, the prevalence of vitamin D deficiency was 
highest in individuals with BMI ≥40, being as high as 32% 
among women and 46% among men, this indicates that 
obesity-associated vitamin D insufficiency is likely due to 
the decreased bioavailability of vitamin D from coetaneous 
and dietary sources because of its deposition in body fat 
compartments, this apparent decrease in vitamin D 
bioavailability with increased adiposity has been 
hypothesized to be due to the increased sequestration of 
vitamin D in fat, because vitamin D is fat soluble and is 
readily stored in adipose tissue, it could be sequestered in the 
larger body pool of fat of obese individuals [27-30]. In 
addition significant increase in mean hs CRP level in 
overweight compared with normal weight group with 
(P-valve 0.014). The production of CRP is regulated by 
cytokines, principally interleukin-6 (IL-6), and serum CRP 
levels reflect IL-6 activity in humans. It was demonstrated 
that IL-6 is released in vivo by subcutaneous adipose tissue 
and is thereby able to have systemic effects, particularly in 
obese subjects, thus, adipose tissue may play a role in the 
regulation of serum CRP concentrations via IL-6 production 
[31]. Our results were confirmed by previous studies found 
that hs-CRP level is high in obese patients and there was 
close relationship between BMI and hs-CRP serum levels, 
thus serum CRP concentrations were significantly correlated 
with BMI [31, 32]. In addition the results revealed there 
were significant differences between cholesterol concerning 
BMI (p-Value (0.045), whereas no significant differences in 
others lipid parameters triglyceride, LDL, HDL and 
LDL/HDL Ratio, P-values (0.134, 0.558, 0.061 and 0.496) 
respectively. 

Also our study showed there was significant increase in 
the mean of vitamin D level in >5 years duration compared 
with <5 years duration of disease with (P-value 0.041). The 
majority of observational data suggest that lower levels of 
vitamin D may be associated with a higher blood pressure 
and a higher risk of developing hypertension [16]. Among 
interventional studies, there are a studies supporting the idea 
that vitamin D supplementation reduces blood pressure. In 
contrast, there are studies claiming that vitamin D is not 
correlated with blood pressure. It seems that difference in 
dose and duration of vitamin D supplementation are the 
reason for this contradiction [14]. 

5. Conclusions 
In conclusion hs-CRP was higher in vitamin D deficient 

hypertensive patients and since hs-CRP is a marker for 
atherosclerosis thus it could be useful predictor marker for 
cardiovascular disease in vitamin D deficient hypertensive 
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patients. Vitamin D deficient is more common in 
hypertensive females thus are more susceptible to 
atherosclerosis and cardiovascular diseases, thus hs-CRP and 
lipid profile should be monitored regularly.  
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