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ABSTRACT
Aim: It is suggested that Vitamin D deficiency may lead to cardiovascular diseases. Monocyte-High density lipoprotein 
cholesterol (HDL) ratio (MHR) and Neutrophil-HDL ratio (NHR) are markers which may be used as cardiovascular risk 
factors, which are associated with inflammation. The purpose of this study is to evaluate the MHR and NHR levels in patients 
with Vitamin D deficiency. 
Material and Method: This retrospective study included patients who were tested for Vitamin D levels in our clinic. The 
subjects were separated into two groups based on their Vitamin D levels and laboratory variables including MHR and NHR 
were compared. 
Results: The subjects with serum 25 OH D level lower and higher than 20 ng/ml were compared, and MHR and NHR were 
detected significantly higher in subjects with Vitamin D deficiency (p:0.003 and p<0.001). 
Conclusion: Our study indicates for the first time in the literature that MHR and NHR levels increase in Vitamin D deficiency. 
Our findings suggest that the cardiovascular risk which occurs in Vitamin D deficiency may be associated with the observed 
increased inflammation. It was detected that MHR and NHR ratios may be used to predict cardiovascular diseases in people 
with Vitamin D deficiency. Our study also showed that the increased cardiovascular risk which occurs in vitamin D deficiency 
may be associated with the increased inflammation.
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INTRODUCTION
Vitamin D3 (cholecalciferol) which is the natural 
form of vitamin D originates from the transformation 
of 7-dehydrocholesterol on the skin through 
ultraviolet beams (1). The active form of vitamin D 
is 1.25-dihydroxyvitamin D (1.25 (OH) 2D) and its 
well known action is to ensure bone mineralization by 
increasing the intestinal absorption of calcium (2). 1.25 
(OH) 2D acts by binding to vitamin D receptors (VDR) 
in many cells of the body including the cardiomyocytes, 
endothelium, vascular smooth muscle (3). The effects of 
vitamin D on the bone metabolism and musculoskeletal 
system are well-defined (4). The presence of VDR in many 
tissues led to researches regarding the effects of vitamin 
D on other systems apart from bone and musculoskeletal 
system such as cardiovascular system. Cardiovascular 

disease (CVD) is the leading cause of mortality and 
morbidity (5). Studies showed the correlation between 
Vitamin D deficiency and hypertension, diabetes, 
metabolic syndrome and immune diseases (4-7). The 
increased amount of evidences indicate the relationship 
of vitamin D deficiency with CVD risk factors and CVD 
mortality (4-8).

Monocytes are the most important cell type for the 
release of pro-inflammatory and pro-oxidant cytokines 
at the inflammation site, and they have a primary role 
in the development of atherosclerosis (9-10). Although 
the place of neutrophils in atherosclerosis is not clearly 
exhibited, it was shown that they play a role in the 
destabilization of atherosclerotic plaques (11). Besides, 
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it was detected that the high neutrophil ratio in the 
peripheral blood is associated with the increase in 
carotid intima media thickness which is an indicator of 
atherosclerosis, and it was also higher in patients with 
intracranial atherosclerotic plaques (12,13). High-density 
lipoprotein cholesterol (HDL-C) has anti-atherosclerotic 
activity and it has an inhibiting action on inflammatory 
and oxidative processes (8,14).

In formerly studies, it was shown that HDL-C inhibits the 
oxidation of LDL-C, and it protects the endothelial cells 
against the harmful effects of LDL-C (15). Low HDL-C is 
an independent and strong indicator for CVD (16). Due 
to the negative effects of low HDL-C and monocytosis, it 
is indicated that monocyte/HDL-C ratio (MHR) is a new 
prognostic indicator in cardiac diseases (17-19). While 
neutrophile/HDL-C ratio (NHR) is a marker which is 
studied less, a recent study has indicated that it is a better 
indicator than MHR in patients with acute myocardial 
infarction (20).

The relation between vitamin D deficiency and CVD was 
investigated in various studies, however there is no study 
indicating the relation of vitamin D level with MHR and 
NHR ratio. In this study, it is intended to show whether 
vitamin D level has an effect on MHR and NHR.

MATERIAL AND METHOD 
The study was carried out with the permission of Yozgat 
Bozok University Clinical Research Ethics Committee 
(Date: 10.06.2020, Decision No: 2017-KAEK-189 
_2020.06.10_01). All procedures were carried out in 
accordance with the ethical rules and the principles of 
the Declaration of Helsinki.

Study Population
The present study is a retrospective multicenter study. 
The study was conducted on the patients who applied 
to the outpatient clinics between the 1st of January 2019 
and February 2020. 

Fifteen thousand patients were screened and the patients 
who had Vitamin D levels checked were enrolled. The 
patients who were <18 years old; who had Type 1 or Type 
2 Diabetes mellitus, prediabetes or those who were on 
metformin therapy; who were pregnant; who had chronic 
diseases such as hypertension, chronic renal disease, 
liver diseases, hypertension, cardiac insufficiency; 
who had active infection; who had hematological or 
immunological diseases or malignancies; who had 
primary hyperparathyroidism; and who were on 
medications for calcium and lipid metabolism and those 
using antihypertensive medications were excluded from 
the study. The demographics and anthropometric data of 
the patients were recorded. Body mass index (BMI) was 
calculated as the weight (kg)/ height(m)2 .

Laboratory Measurements
Blood samples were obtained from patients in the 
morning after 12 hours of fasting, for measurement 
of biochemistry panel including fasting plasma 
glucose (FPG, 70-100 mg/dl), creatinine (Cre, normal 
range 0.5-1.1 mg/dl), alanine aminotransferase (ALT, 
normal range 8-38U/L), serum corrected calcium (Ca, 
normal range8.5–10.5 mg/dl), phosphorus (P, normal 
range2.5–4.5 mg/dl), magnesium (Mg, normal range 
1.6-2.6 mg/dl), 25-hydroxyvitamin D (25 OH vit D, 
ng/ml), total cholesterol (normal range 0-200 mg/
dl), triglyceride (normal range 0-200 mg/dl), HDL-C 
(normal range 45-65 mg/dl), LDL-C (normal range 
0-130 mg/dl), thyroid stimulating hormone (TSH, 0.27-
4.2 mU/L). Biochemical analyses were determined by 
standard methods. Corrected calcium was calculated 
as serum Ca level (mg/dl)+0.8x(4- albumin); nonHDL 
cholesterol was calculated as total cholesterol-HDL-C. 

Samples for complete blood count (CBC) analysis were 
collected in EDTA anticoagulated Monovette tubes 
(Sarstedt, Leicester, United Kingdom). Hemoglobin level, 
Neutrophil count and Monocyte count were obtained 
from the CBC analysis. MHR and NHR ratios were 
determined by dividing the monocyte and neutrophil 
absolute levels (mm3) to HDL-C level, respectively. 

Statistical Analysis
All Statistical analyses were performed using SPSS 
version 20.0 (SPSS, Chicago, IL, USA). Normality 
of the distribution of the continuous variables was 
evaluated with Kolmogorov-Smirnov test. Continuous 
variables were compared with independent t-test or 
Mann-Whitney U test for normally and non-normally 
distributed data, respectively. Normally distributed data 
are described as mean ± standard deviation, otherwise, as 
median (minimum-maximum). Chi-square test was used 
for comparing categorical variables. The mean differences 
among more than two independent groups were analyzed 
by one-way ANOVA with Tukey post-hoc test. p values 
<0.05 were considered statistically significant. 

RESULTS
Patients with insufficient data were excluded from the 
study and the statistical analysis was conducted with 554 
patients. 494 of these patients were female and 60 patients 
were male; and the average age was 41.07±13.76 years. 
Patients were separated into 2 groups based on 25 OH 
vit D level. Patients with lower than 20 ng/ml 25 OH vit 
D level were determined as vitamin D deficiency (n:409) 
and were compared with patients who had a 25 OH vit 
D level of 20 and higher (n:145). The comparison of the 
demographics and several laboratory parameters between 
two groups is given in Table 1. According to this, it was 
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observed that MHR and NHR ratios were statistically 
significantly higher in the patients with 25 OH vit D level 
below 20 (p:0.003 and p<0.001, respectively). 

Patients were separated into 4 groups based on the serum 
25 OH vit D level, and the statistical analysis was repeated 
with One way ANOVA test and a statistically significant 
difference was observed between the groups in terms of 
MHR and NHR. Patients with serum 25 OH D <10 ng/
ml were defined as group 1 (n:151); patients with serum 
25 OH D between 10 ng/ml and 20 ng/ml were defined as 
group 2 (n:258), patients with serum 25 OH D between 
20 ng/ml and 30 ng/ml were defined as group 3 (n:108) 
and patients with serum 25 OH D more than 30 mg/ml 
were defined as group 4 (n:37). There was a statistically 
significant difference in MHR between the group with 
serum 25 OH vit D level 20 to 30 ng/ml and the group 
with serum 25 OH vit D level 10 to 20 ng/ml in the post-
hoc analysis (p:0.027), but no differences were detected 
between other groups. When considered in terms of 
NHR, a statistically significant increase was observed 
between the group with 25 OH vit D level 10 to 20 ng/
ml and the group with levels 20 to 30 ng/ml and 30 ng/
ml and above. In the group with 25 OH vit D level below 
10, NHR was detected significantly higher compared to 
the group with 25 OH vit D level 20 to 30 ng/ml. One way 
ANOVA results are given in Table 2. 

When a correlation analysis was performed, no 
correlation at a statistically significant level was detected 
between 25 OH vit D level and MHR or NHR.

DISCUSSION
In this study, it was detected that MHR and NHR were 
increased in patients with 25 OH vit D level below 20 ng/
ml. No additional benefits of increasing the 25 OH vit D 
level above 30 could be observed according to MHR and 
NHR. Our study is the first study investigating the MHR 
and NHR levels in 25 OH vit D deficiency. 

In previous studies vitamin D deficiency was named as 
a new cardiovascular risk factor (5). It was previously 
shown that the parameters such as hsCRP and carotid 
intima media thickness which are used as cardiovascular 
risk factors were increased in patients with vitamin D 
deficiency (8,21). It was also determined that vitamin 
D level is lower in diseases that constitute significant 
cardiovascular risk such as hypertension, metabolic 
syndrome and diabetes mellitus (22-24). Besides, 
it was observed that the cardiovascular events and 
cardiovascular mortality in people with vitamin D 
deficiency was increased compared to people with 
normal vitamin D levels (25,26). 

Monocytes play an important role in the first-step in 
the development of atherosclerosis (27). Monocytes 
attach to the damaged vascular endothelium, proceed 
to subepithelial space and transform into mature 
macrophage. These matured macrophages catch the 
oxidized LDL molecules and form “foam cells”, which 
leads to the further increase of the inflammation by 
releasing pro-inflammatory and pro-oxidant cytokines 

Table 1. The demographic and laboratory results among the patients with serum 25 OH D levels higher and lower than 20 ng/mL
Parameter Serum 25 OH D≥20 ng/ml (n: 145) Serum 25 OH D<20 ng/ml (n: 409) p
Gender (male/female) 22/123 38/371 0.061
Age (years) 45.6±14.33 39.46±13.20 <0.001
BMI (kg/m2) 28.60±5.97 30.96±7.35 <0.001
LDL-C (mg/dl) 125.69±38.84 123.71±35.14 0.592
TG (mg/dl) 118.60±57.77 125.79±71.65 0.280
T-CHOL (mg/dl) 202.86±47.54 196.90±42.76 0.190
FPG (mg/dl) 91.99±9.39 93.09±13.52 0.239
Creatinine (mg/dl) 0.69±0.14 0.64±0.13 0.001
ALT (U/L) 20.65±11.97 20.88±13.52 0.853
WBC 6941.10±1643.88 7336.66±1639.63 0.014
Hemoglobin 13.70±1.24 13.51±2.17 0.199
Monocyte/HDL-C ratio 9.80±3.70 11.03±5.20 0.003
Neutrophil/HDL-C ratio 72.42±30.08 88.04±35.75 <0.001
25 OH D: 25-hydroxyvitamin D, BMI: Body mass index, LDL-C: low-density lipoprotein cholesterol, TG:triglyceride, T-CHOL:total cholesterol, FPG: fasting plasma glucose, ALT: 
alanine aminotransferase; WBC:white blood cell, HDL-C: High density lipoprotein- cholesterol

Table 2. The monocyte/ high density lipoprotein cholesterol ratio and neutrophil/ high density lipoprotein cholesterol ratio among the four 
groups according to One way ANOVA test results

Group 1 (n:151) Group 2 (n:258) Group 3 (n:108) Group 4 (n:37)
Monocyte/HDL-C ratio* 10.56±4.44 11.30±5.59 9.74±3.44 9.98±4.48
Neutrophil/HDL-C ratio** 84.77±34.93 89.93±36.15 72.04±29.01 73.60±33.59
HDL-C: High density lipoprotein cholesterol. Patients with serum 25 OH D <10 ng/ml were defined as group 1; patients with serum 25 OH D between 10 ng/ml and 20 ng/ml were 
defined as group 2, patients with serum 25 OH D between 20 ng/ml and 30 ng/ml were defined as group 3 and patients with serum 25 OH D more than 30 mg/ml were defined as 
group 4. *p value:0.027 between group 2 and 3. ** p value<0.001 between group 2 and 3; p value:0.019 between group 1 and 3; p value:0.043 between group 2 and 4. 
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(28). In studies, it was shown that HDL-C inhibits the 
oxidation of LDL-C, and it protects the endothelial cells 
against the harmful effects of LDL-C, and as a result low 
HDL-C is an independent and strong indicator for CVD 
(15, 16). Due to the negative impacts of low HDL-C and 
monocytosis, it was shown that MHR is a new prognostic 
indicator for cardiac diseases (17-19,29).

There are certain numbers of neutrophils on 
atherosclerotic plaques, and these cause inflammatory 
response by accumulating on the vein wall (30). 
Neutrophils are the cells which are in charge in 
inflammatory response, and in the meantime, when they 
are activated, they also cause endothelial dysfunction 
(31,32). When the role of endothelial dysfunction in 
the development of atherosclerosis is considered, it is 
believed that neutrophil count is a parameter which may 
be used in the development of cardiovascular event (13). 
Besides, in the previous studies, leukocyte count was 
shown to be associated with diabetes mellitus, obesity 
and hypertriglyceridemia, and inflammation was shown 
to contribute to the development of metabolic syndrome 
(13,33). Such evidences indicate that neutrophils have 
an effect on atherosclerosis. When the role of high 
neutrophil and low HDL-C level in the development 
of atherosclerosis is taken into account, it is considered 
that NHR may also be used as an atherosclerosis 
indicator. NHR is not a commonly used parameter in 
atherosclerosis and cardiovascular diseases, and there are 
limited data in the literature about this matter. In recent 
studies, it was detected that NHR was a poor prognostic 
factor in patients who had myocardium infarction and it 
increased in patients with metabolic syndrome (20,34).

Although many parameters indicating cardiovascular 
risk in vitamin D deficiency were previously studied, 
the relatively new parameters MHR and NHR which 
may be used as cardiovascular risk indicators were not 
previously studied in cases of vitamin D deficiency. The 
purpose of this study is to investigate whether MHR and 
NHR increased in patients with vitamin D deficiency, 
and as a result of the statistical analysis, these values were 
determined significantly high in those with 25 OH vit 
D level below 20 ng/ml. In light of the data detected in 
our study, we consider that the increased cardiovascular 
risk observed in patients with vitamin D deficiency is 
associated with the increased inflammatory events, and 
that decreased HDL-C make this more evident. Serum 
25 OH vit D level below 30 ng/ml is defined as vitamin 
D insufficiency; below 20 ng/ml as vitamin D deficiency; 
and below 10 is defined as severe vitamin D deficiency 
(35). In our study group, as there were few patients with 
25 OH vit D level above 30 ng/ml, the statistical analysis 
was conducted according to vitamin D deficiency and 
those with serum 25OH vit D level below and above 

20 ng/ml were compared. According to this, in patients 
with vitamin D deficiency, MHR and NHR were detected 
significantly high. Interestingly, when the serum 25 OH 
vit D level falls below 10 ng/ml, no significant impairment 
was observed in MHR and NHR. When these results are 
evaluated, it is possible to indicate that especially the 
serum 25OH vit D level above 20 ng/ml contributes to 
decreased cardiovascular risk. Besides, no additional 
harm could be shown when 25 OH vit D level falls below 
10 ng/ml. 

It is necessary to mention some restrictions regarding 
the study. Firstly, the retrospective design of the study 
is a restriction for our results. It would be proper to 
investigate whether these parameters may be used as a 
cardiovascular risk marker in time by a prospectively 
designed study. Despite the sufficient number of total 
patients, the number of people with 25 OH vit D level 
above 30 ng/ml is small, and this might have prevented 
us to achieve lower MHR and NHR values in higher 25 
OH vit D levels, and this may be the reason for failing 
to obtain a significant result in the correlation analysis. 
Notwithstanding these restrictions, we achieved valuable 
data in our study and showed that MHR and NHR ratios 
were increased in patients with vitamin D deficiency. 

CONCLUSION
As a result, our study has shown for the first time in the 
literature that MHR and NHR levels were increased in 
patients with vitamin D deficiency. It is considered that 
the cardiovascular risk that occurs in vitamin D deficiency 
may be associated with the increased inflammation 
and that MHR and NHR ratios may be used to predict 
cardiovascular diseases in vitamin D deficiency..
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