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ABSTRACT 

Aim: to investigate the effect of vitamin D3 replacement on body mass index, blood pressure, pulse rate, 

fasting plasma glucose and serum lipids, in healthy vitamin D deficient adults.  

Patients and methods: Twenty-five healthy adult participants (3 males and 22 females) with vitamin D3 

deficiency were recruited from the endocrine clinic in a tertiary care hospital in Saudi Arabia. History was 

taken and clinical examination was done for all participants. Height, weight, sitting blood pressure, and pulse 

rate were measured.  Laboratory investigations in the form of vitamin D3 level, fasting plasma glucose, and 

lipid profile were measured before the participants received any oral vitamin D3. The same anthropometric 

and biochemical parameters were measured 9 months after starting vitamin D3 supplementation in the form 

of oral cholecalciferol. Replacement was given as 4500 units of vitamin D3 drops daily for one month, then 

3000 units daily for another month, then 2000 units daily for seven months. This was combined with oral 

calcium carbonate intake of 500 milligrams daily throughout the nine month study period.   

Results: Pretreatment serum vitamin D3 level was 9.01±3.2 nanogram/milliliter. A vitamin D3 level of 

35.4±6.84 nanogram/milliliter was achieved by the end of the study. A significant reduction in the pulse rate 

(p=0.000) and the systolic blood pressure was noticed (p=0.002). The diastolic blood pressure did not 

significantly change (p=0.148).The rate pressure product (RPP) was significantly reduced by the end of the 

study (p <0.001). The increase in vitamin D3 level was not associated with significant changes in fasting 

plasma glucose (p=0.184) or any of the measured components of the lipid profile. There was no significant 

effect on the body mass index (p=0.31). 

Conclusion: Vitamin D3 replacement is associated with a significant reduction of the pulse rate, the systolic 

blood pressure and the rate pressure product. This indicates a reduction of the cardiac work which may 

partially explain the cardioprotective effect of vitamin D3. The body mass index does not significantly 

change with vitamin D replacement . No significant effect of vitamin D replacement on fasting plasma 

glucose in healthy adults, who are neither diabetic  nor prediabetic. Also, no effect of vitamin D replacement 

on the lipid profile in the same group of healthy population.  
 

INTRODUCTION 

ardiovascular diseases (CVD) remain the 

leading cause of death and disability in the 

world. Thus, extraordinary effort has been 

devoted to determining the modifiable risk factors 

to prevent such diseases 
[1] 

. 

In recent years, adequate vitamin D levels are 

demonstrated to be very important for optimal 

functioning of many organs and tissues 

throughout the body. Low vitamin D levels are 

found in association with diabetes mellitus, 

hypertension, metabolic syndrome, dyslipidemia, 

obesity, left ventricular hypertrophy, coronary 

artery calcification and chronic vascular 

inflammation [
2-7]

 .  

Deficiency of vitamin D was shown to result in an 

increased expression of genes that are associated 

with activation of the renin-angiotensin system 

and genes that are associated with malfunction of 

calcium channels.  Therefore, activation of these 

genes is likely to lead to hypertension, left 

ventricular hypertrophy and congestive heart 

failure 
[8]

 .  

Hypovitaminosis D was reported as a risk factor 

for increased cardiovascular events among 1739 

adult participants in the Framingham Offspring 

Study. Moreover, analysis of more than 13,000 

adults in the Third National Health and Nutrition 

Examination Survey (NHANES III) showed that 

even though hypovitaminosis D is associated with 

an increased prevalence of CVD risk factors, its 

association with all-cause mortality is independent 

of these risk factors 
[9]

 .  

More than 20 cross-sectional studies have 

examined the association between plasma 

25(OH)D and either blood pressure or prevalent 

hypertension. The great majority of these studies 

demonstrate that lower circulating 25(OH)D 

levels are associated with higher blood pressures 

or a higher prevalence of hypertension, including 

large population-based cohorts in the United 

States, Germany, and the United Kingdom 
[10,11]

 . 

Type 2 diabetes mellitus is also associated with 

considerable morbidity and mortality being a 

major risk factor for CVD. Its prevalence has been 

increasing nationally and worldwide 
[12-14]

 .  

C 

http://www.lipidworld.com/content/11/1/42#B1
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However, although weight-loss has been shown to 

be successful in delaying the onset of type 2 

diabetes, it is difficult to achieve and maintain 

long-term [15]. 

Therefore, identification of weight-

independent, easily modifiable risk factors is 

urgently needed to attenuate the increase in the 

incidence of type 2 diabetes. As there is an 

accumulating evidence that vitamin D 

insufficiency is associated with the risk of 

developing T2DM, studying the effect of 

replacement of such deficiency and its effect on 

glucose homeostasis is a point of recent interest 
[16-19]

 . 

This role of vitamin D is suggested by cross-

sectional studies showing that low serum 

25(OH)D concentration is associated with 

overweight, obesity, glucose intolerance, diabetes, 

insulin resistance and the metabolic syndrome 
[20-

22]
 . It was also reported that higher levels of 

25(OH)D are associated with lower rates of 

development of diabetes 
[23-26]

 .  

While observational studies generally support an 

inverse relation between serum vitamin D levels 

and the risk of T2DM, various interventional 

studies that had been conducted to date provided 

inconclusive results showing either no effect of 

vitamin D supplementation on the risk of 

developing diabetes [27] or an attenuation of the 

increase in glycemia and insulin resistance that 

occur over time 
[28]

 .  

Obesity is a well known risk factor for T2DM as 

well as CVD. Several Cross-sectional studies have 

demonstrated an inverse relation between vitamin 

D levels in the blood and the body mass index, 

and that obese people have lower serum vitamin 

D3 levels. It is not clear till now which is the 

cause and which is the result 
[29,30]

 . 

The relation between vitamin D and lipids has so 

far received little attention. A PubMed search 

identified 22 cross-sectional studies including a 

minimum of 500 subjects and a 10 placebo-

controlled double-blind intervention studies with 

vitamin D where more than 50 subjects were 

included. In all the cross-sectional studies serum 

25(OH)D was positively associated with high-

density lipoprotein cholesterol (HDL-C) resulting 

in a favourable low-density lipoprotein cholesterol 

(LDL-C) or total cholesterol to HDL-C ratio. 

There was also a uniform agreement between 

studies on a negative relation between serum 

25(OH)D and triglycerides (TG). On the other 

hand, the intervention studies gave divergent 

results, with some showing a positive and some 

showing a negative effect of vitamin D 

supplementation 
[31]

 . 

Some reports demonstrated that low vitamin D 

level is associated with high blood levels of 

inflammatory factors, including C-reactive protein 

and cytokines such as interleukin-10. These 

cytokines have recently been identified as having 

an important role in atherogenesis 
[32,5]

. Vitamin D 

analogues have been shown to inhibit the 

production of these cytokines while stimulating 

the effects of helper T lymphocytes, thus reducing 

plaque production or instability 
[33]

 . This may 

indicate that the role of vitamin D deficiency in 

development of atherosclerosis is dependent on its 

effect on serum lipids. 

Thirty to fifty percent of both children and adults 

in the United States, Canada, Europe, Australia, 

New Zealand, and Asia are vitamin D-deficient. 

Despite the important role of sunlight in vitamin 

D synthesis, recent studies have shown that the 

rate of vitamin D deficiency is also higher in the 

sunniest areas of the world, including the Middle 

East countries, such as Saudi Arabia, Qatar, and 

United Arab Emirates and Iran because of low 

exposure to sun due to cultural factors 
[34-37]

 . 

Taking into account that vitamin D deficiency is 

highly prevalent across the world while vitamin D 

supplementation is simple, safe, and inexpensive, 

the deficiency of vitamin D may be a common 

and easily treatable risk factor for diabetes 

mellitus, dyslipidemia and hypertension and 

consequently for CVD prevention [38-40] . 

The objective of the present study was to 

investigate the effect of vitamin D 

supplementation on the blood pressure, pulse rate, 

rate pressure product, BMI, fasting plasma 

glucose and the lipid profile, all of which play a 

significant role in  the development of 

cardiovascular diseases.  

MATERIALS AND METHODS 

Twenty-five healthy adults (3 males and 22 

females) in the age range of 18 to 50 years were 

recruited from the endocrine clinic in a tertiary 

care hospital in southern region of Saudi Arabia. 

All were deficient in vitamin D3. None of them 

has history of diabetes mellitus, impaired fasting 

plasma glucose, dyslipidaemia or hypertension. 

Exclusion criteria included intake of vitamin D or 

any other medication that may affect any of the 

measured variables, known history of 

hypercalcaemia, evidence of thyroid, renal, 

hepatic or cardiac disease, active sarcoidosis, 

tuberculosis or malignancy. Among women, 

current breast feeding, pregnancy or planning a 

pregnancy as well as menopause were also 

considered as exclusion criteria. 

The study was approved by the Hospital Ethical 

Committee and written and informed consents 
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were obtained from all participants. Height in 

meters (m), weight in killograms (kg) were 

measured using a stadiometer and a balance scale, 

respectively. Body mass index was calculated  as 

weight in killograms divided by square the height 

in meters (kg/m2). Blood pressure was measured 

in seated subjects after a rest for at least 15 

minutes using a mercury tensiometer. Radial pulse 

rate per minute was also taken with emphasis on 

regularity and equality on both sides. Rate 

pressure product was calculated as HR x SBP/100 
[41]

  

Blood samples were collected after an overnight 

fasting. Vitamin D3 was assayed by Cobas e 601 

& Elecsys 2010 using liquid chromato-graghy 

tandem Mass Spectrometry 
[42]

 . Triglycerides, 

total cholesterol, LDL-C, HDL-C were measured 

using enzymatic colorimetric method on the 

Siemens Dimension RXL clinical chemistry 

system 
[43,44]

 . Fasting plasma glucose was 

determined on Siemens Dimension RXL 

chemistry analyzer using bichromatic (340 and 

383 nm) endpoint technique 
[45]

 .  

Reference ranges; total cholesterol: 50-200 milli-

gram per deciliter (mg/dl), triglycerides: 30-150 

mg/dl, HDL-C: 35-55mg/dl, LDL-C: 100-

130mg/dl, Vitamin D3: 11-42 ng/ml. 

Vitamin D deficiency was considered if the level 

was less than 20 ng/ml 
[46]

 . Subjects were started 

on replacement in the form of oral vitamin D 3 in 

a dose of 4500 units daily for one month then 

3000 units daily for another month then 2000 

units daily till the end of the study. All 

participants received calcium carbonate tablets in 

a dose of 500 mg daily throughout the study 

period.  

Anthropometric and biochemical parameters were 

assessed before and nine months after starting 

vitamin D and calcium supplements. 

Anthropometric parameters were measured by the 

same person and the same equipment on both 

occasions. 

Statistical analysis: Data were entered into a 

computer using the statistical package for social 

sciences (SPSS) version 21.0. Descriptive 

statistics for quantitative variables were expressed 

in their means and standard deviations. values 

before and after intervention were compared using 

the paired t-test. Differneces were considered 

statistically significant when p-values were less 

than 0.05. 

RESULTS 

The study showed a significant increase in 

vitamin D3 level after treatment (9.01±3.2 versus 

35.4±6.84 ng/ml, p-value=0.000). There was a 

significant decrease in systolic blood pressure 

after replacement (127.88±12.1 versus 

120.44±11.66 respectively, p-value=0.002). The 

mean decrease in SBP was 7.44 mmHg with an 

average of 2.5 % reduction of the pretreatment 

level. Pulse rate also significantly decreased 

[82.56±11.78 versus 74.88±7.83 beat per minute 

(bpm),  p-value= 0.000]. The mean decrease in 

pulse rate was 7.68 bpm with an average 

reduction of 8.2% of baseline pulse rate. No 

significant change in diastolic blood pressure was 

noticed. The rate pressure product significantly 

decreased by the end of the study  (105.32±16.2 

versus 90.0±11.4,  p-value<0.001). See tables 1, 2 

Body mass index did not significantly change 

(p=0.31). We did not find a significant effect of 

vitamin D3 replacement on fasting plasma 

glucose, triglycerides, total cholesterol, LDL-C or 

HDL-C. See tables 1, 2 

 

Table(1) Comparison between different variables before and after vitamin D replenishment 

 Before After  

      

Variable Mean ± SD Mean ± SD p-value 

BMI 32.62 ± 7.42 33 ± 7.37 .310 

wt 77.68 ± 18.82 78.68 ± 18.50 .250 

P 82.56 ± 11.78 74.88 ± 7.83 .000 

DBP 78.12 ± 10.72 75.64 ± 8.99 .148 

SBP 127.88 ± 12.08 120.44 ± 11.6622 .002 

RPP 105.32±16.2 90.02±11.4 <0.001 

FPG 97.48 ± 14.96 93.92 ± 16.00 .184 

TG 105 ± 71.17 98.08 ± 41.7751 .395 

HDL-C 41.85 ± 10.66 43.24 ± 9.97 .290 

LDL-C 122.68 ± 32.96 114.98± 44.42 .311 

Tch 187.16 ± 33.71 180.12 ± 37.81 .085 

D3 9.02 ± 3.18 35.40 ± 6.84 .000 
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BMI:body mass index, wt:weight, P:pulse, 

DBP:diastolic blood pressure, SBP:systolic blood 

pressure, RPP: rate pressure product, FPG: fasting 

plasma glucose, TG: triglycerides, HDL-C:high 

density lipoprotein, LDL-C: low density 

lipoprotein, Tch: total cholesterol,  

 

Table (2) Changes in different variables after vitamin D replenishment 

Variable Change % change 

BMI -0.38 ± 1.8 -1.4 ± 6.7 

Wt -1 ± 4.24 -1.6 ± 6.5 

P 7.68 ± 9.4 8.2 ± 11.3 

DBP 2.5 ± 8.3 2.5 ± 9.7 

SBP 7.4 ± 10.4 5.5 ± 7.6 

FPG 3.56 ± 13 3.1 ± 13 

TG 6.9 ± 39.97 -1.22 ± 30.44 

HDL-C -1.39 ± 6.43 -5.38 ± 17.9 

LDL-C 7.7 ± 37.23 5.27 ± 40 

Tch 7.04 ± 19.57 3.77 ± 9.7 

RPP 15.30± 13.00 13.45± 11.6 

BMI:body mass index, wt:weight, P:pulse, 

DBP:diastolic blood pressure, SBP:systolic blood 

pressure, RPP: rate pressure product, FPG: fasting 

plasma glucose, TG: triglycerides, HDL-C:high 

density lipoprotein, LDL-C: low density 

lipoprotein, Tch: total cholesterol 

DISCUSSION 

In our study, attaining a vitamin D level of 35.4 

±6.8ng/ml significantly reduced the pulse rate 

(PR) and the systolic blood pressure (SBP), even 

though no significant effect on diastolic blood 

pressure (DBP) was found. The reduction of PR 

and SBP resulted in a significant decrease in the 

rate pressure product (p=<0.001). 

In a previous study by Scragg  et al, it was found 

that low serum 25(OH)D levels are associated 

with increased heart rate, systolic blood pressure, 

and RPP. It was also suggested that low vitamin D 

status may increase cardiac work in 27,153 

participants aged ≥20 years, in the National 

Health and Nutrition Examination Surveys 

(NHANES) carried out from 1988 to 1994 and 

from 2001 to 2006 
[47]

 . Our findings are 

completely in favor of the two reports. The 

significant reduction in rate pressure product in 

our study is an indicator of reduced cardiac work 

and consequently oxygen consumption as a result 

of raising vitamin D level. This also may partially 

explain the cardioprotective effect of vitamin D 

that was demonstrated in several studies.   

In agreement with our findings, a study conducted 

by Pfeifer et al. In his study, 148 women aged 

above 70 years with serum 25(OH)D levels below 

20 ng/mL were randomly administered 

supplements with either calcium 1200 mg/day 

only or calcium 1200mg/day and 1,25 

dihydroxycholecalciferol (DHCC) 800 IU/day for 

8 weeks. Compared with calcium alone, treatment 

with1,25 DHCC led to a significant reduction in 

systolic blood pressure and heart rate, while 

having no significant effect on diastolic blood 

pressure 
[18]

 . 

A review of 11 randomized controlled vitamin D 

intervention trials including over 700 subjects 

demonstrated a reduction in the systolic (3.6 

mmHg) and diastolic (3.1 mmHg) blood pressure 

at daily doses of 800-2,500 IU [
48]

 .  

 In a similar way, a second review of vitamin D 

trials, including 2 newer studies, revealed a mean 

systolic blood pressure reduction of 2.44 mmHg 
[49]

 .  

In a randomized, placebo-controlled study in 145 

elderly women showed that 800 IU of vitamin D3 

plus 1200 mg of calcium significantly reduced 

blood pressure by 9.3% after 8 weeks, whereas 

treatment with 1200 mg of calcium alone reduced 

blood pressure by only 4.0% (P =0.02) 
[50]

 . These 

findings are in consistence with ours.  

Several mechanisms have been postulated to 

explain the blood pressure lowering effects of 

vitamin D. Recently, Tomaschitz et al showed that 

both 25(OH)D and 1,25(OH)D were inversely 

associated with plasma renin and angiotensin II 

concentrations 
[51]

 .  

Other data suggested that vitamin D may play a 

role in regulating vascular tone by influencing the 

concentration of calcium in vascular smooth 

muscle cells (61). It may also affect the blood 

pressure by indirectly affecting the vascular 

endothelium 
[52,53]

 . 

On the other way of our results, results of a 

longitudinal placebo-controlled double-blind 

study designed by Orwoll in normotensive men 

who were treated with  calcium and 
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cholecalciferol supplements or placebo for 3 years 

without any demonstrable effect on systolic, 

diastolic, or mean arterial blood pressure 
[54]

 . 

In a meta-analysis of 10 trials, the 

supplementation with vitamin D reduced systolic 

blood pressure non significantly, whereas there 

was no effect on diastolic blood pressure 
[55]

 .This 

is in agreement with our results regarding the 

absence of an effect on DBP but it differs in that it 

does not show a significant reduction of SBP 

although this was evident in our study population.  

Also, a short randomized double-blind trial by 

Scragg et al. with vitamin D supplementation at a 

single dose of 2.5 mg in winter months did not 

show any significant decrease in blood pressure 

after 5 weeks when compared to placebo 
[56]

 . It is 

to be noted that supplementation in his study was 

a single high dose of vitamin D. 

Studying the effect of vitamin D supplementation 

on blood glucose level and development of 

diabetes mellitus , being an important risk factor 

for cardiovascular diseases, has recently received 

great interest. Noticeably, the results of 

intervention studies with vitamin D 

supplementation on glucose homeostasis have 

been inconsistent 
[57,58]

 .  

The effects of combined calcium and vitamin D 

supplementation on glucose metabolism and 

systemic inflammation in non-diabetic adults was 

reported by Pittas et al 
[59]

 . He found that daily 

supplementation with 500 mg of calcium citrate 

and 700 IU of vitamin D
3 

for three years had no 

apparent effect among those with normal fasting 

glucose although it prevented the increase in 

plasma glucose and insulin resistance in the 

subgroup of participants with impaired fasting 

glucose at the beginning of the study. Absence of 

an apparent effect on the fasting plasma glucose 

among adults with normal fasting plasma glucose 

is consistent with our findings as all of our 

participants had normal fasting plasma glucose at 

the start of the study before receiving vitamin D 

therapy and they did not show a significant 

change in FPG by the end of the study 

(p=0.0184). 

Absence of an effect of correction of vitamin D 

deficiency on plasma glucose levels  in non-

diabetic adults was also reported by Tai et al 
[25]

 .  

On the other hand, in Latinos and African 

Americans with prediabetes and hypovitaminosis 

D, doses of vitamin D supplementation designed 

to raise serum 25 (OH)D levels into the upper-

normal range for 1 year did not affect insulin 

secretion, insulin sensitivity, or the proportion of 

subjects who developed diabetes or whose oral 

glucose tolerance returned to normal 
[60]

 . 

Similarly, no effect of oral vitamin D on insulin 

sensitivity in pre-diabetes patients in 12 weeks 

treatment, in a study conducted by Seyed et al 
[61]

 . 

Although many cross sectional studies reported an 

inverse correlation between vitamin D3 level and 

BMI, results of interventional studies are 

controversial. 

The data on vitamin D supplementation during 

weight loss were too few to make firm 

conclusions. Current evidence from randomized 

controlled trials did not consistently support the 

contention that calcium and vitamin D accelerated 

weight or fat loss in obesity. There were studies 

that favoured the hypothesis but lacked the 

statistical power. There is a need for RCTs to 

examine the influence of vitamin D on body fat 
[62]

 .  

In our study we did not find a significant effect of 

vitamin D supplementation on the BMI. Although 

we did not measure the body fat mass in our 

study, it may be in consistence with results of a 

study conducted by Saleh et al. Saleh and his 

colleagues studied the impact of a 12 week 

vitamin D3 supplementation on anthropometric 

indices in healthy overweight and obese women. 

Supplementation caused statistically significant 

decrease in body fat mass in the vitamin D group 

compared to the placebo group. However body 

weight and consequently BMI as well as waist 

circumference did not significantly change 
[63]

 . 

We studied the different components of lipid 

profile before and after replenishment of vitamin 

D. Vitamin D did not significantly affect the total 

cholesterol, LDL-C, HDL-C or triglyceride level. 

This is in contrast to the cross-sectional 

association between 25(OH)D levels and a 

healthier lipid profile.  

Jorde et al, reported findings similar to ours. He 

found that raising 25(OH)D levels from deficient 

to optimal in a cohort  neither improved nor 

worsened the lipid profile. This suggests that a 

higher level of 25(OH)D may simply be a passive 

marker of better cardiovascular health. People in 

good health stay outdoors more and therefore get 

more sunshine and vitamin D production in the 

skin, and they may also have healthier food habits. 

Their higher serum 25(OH)D levels may therefore 

be the result and not the cause of good health 
[64]

 . 

Similarly, Ponda et al found small and clinically 

minimal effects on total and HDL cholesterol with 

no benefit on LDL cholesterol and triglycerides in 

51 vitamin D-deficient adults who received 50 

000 international units of vitamin D weekly for 8 

weeks. Ponda and colleagues suggest that vitamin 

D status is a surrogate marker of health and that 

vitamin D might simply have no effect on lipid 
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metabolism. Moreover, they see that dyslipidemia 

might be responsible for the low vitamin D levels 

and not the other way around 
[65]

  

In agreement with our findings, results reported 

by Guri et al. In his study, participants with low 

serum 25(OH)D levels were randomized to 

receive capsules of 20,000 IU vitamin D3 or 

identical-looking placebo twice weekly for 6 

months. At the end of the study, there were no 

statistically significant differences in the outcome 

variables including LDL-C, HDL-C and 

triglycerides between the two groups 
[66]

 . 

Hao et al conducted a meta analysis , the results of 

which had a great agreement with our report. In 

all, 12 clinical trials consisting of 1346 

participants, no statistically significant effects for 

vitamin D supplementation were observed for 

total cholesterol, HDL-C and triglycerides 
[67]

 .  

Results of the forementioned studies and our 

study indicate that vitamin D supplementation to 

apparently healthy vitamin D deficient adults does 

not improve serum lipid profile. 

Absence of an effect of vitamin D 

supplementation on lipid profile despite the 

association of vitamin D deficiency with the 

prevalence of traditional CVD risk factors, 

suggests a more direct role of vitamin D 
[68]

 . 

Of course associations do not prove causation; 

they can only generate hypotheses. Different 

ethnicity, age group, anthropometric parameters, 

given dose of vitamin D, target vitamin D level 

which was achieved, duration of the study, and 

state of glucose homeostasis before starting the 

treatment of deficiency, all of which may have a 

role in such controverse in the outcome of several 

studies. 

In a trial to find out the optimal level of vitamin D 

that can have beneficial effect on CVD, a recent 

review of randomized trials evaluating the effect 

of greater doses and higher achieved 25-

dihydroxyvitamin D [25(OH)D] levels on health 

outcomes concluded that the optimal benefit of 

vitamin D for CVD was obtained at 25(OH)D 

concentrations of 30-44 ng/ml. These levels were 

possible to achieve with oral daily doses of 

vitamin D in the range of 1,800 to 4,000 IU 
[5]

 .  

CONCLUSIONS 
From the current study we may conclude that in 

South West Asian population, vitamin D 

replenishment in vitamin D deficient healthy 

adults does not lead to  a significant reduction of 

the fasting plasma glucose or a significant change 

in the lipid profile. 

On the other hand, vitamin D replacement leads to 

a significant reduction in the systolic blood 

pressure, the pulse rate as well as the rate pressure 

product. Reduction of the RPP indicates a 

reduction of the cardiac work and consequently 

the oxygen consumption by the heart. This may 

partially explain the cardioprotective effect of 

vitamin D therapy. 
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