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Abstract: Vitamin D deficiency is often linked with Metabolic Syndrome, both being more frequent
with ageing and associated with an increase inflammatory state. Recently, monocytes-to-high density
lipoprotein (HDL) ratio (MHR) has emerged as a powerful index to predict systemic inflammation.
In this cross-sectional study, we investigated the association between circulating vitamin D level
(25-OH vitamin D) and inflammatory status in a population of 1048 adult individuals. Our study
reveals an inverse association between 25-OH vitamin D levels and MHR in the overall population.
When the population is stratified by gender, waist circumference, and body mass index (BMI), we
observed that while in men this relation is strongly significative only in condition of central obesity,
in women a lifelong negative correlation exists between circulating 25-OH vitamin D and MHR and
it is independent of the metabolic status. These observations underscore the relevance of circulating
biomarkers such as MHR in the prediction of systemic inflammatory conditions sustained by vitamin
D deficiency also in healthy and young women.

Keywords: vitamin D; MHR index; metabolic syndrome; gender difference

1. Introduction

Circulating low level of vitamin D is a common situation worldwide. Although the
definition and relevance of this deficiency is still under debate [1,2], observational studies
revealed that almost 40% of the European population present a deficit in vitamin D level
(<20 ng/mL) [3], and more than 20% of people from India, Afghanistan, and Pakistan
display a severe vitamin D depletion (<13 ng/mL) [4]. Obtainable with food or via skin
synthesis after UVB exposure, vitamin D can be further metabolized in our organism
by the liver, forming 25-hydroxyvitamin (25-OH vitamin D), the major circulating form,
and then by the kidney into 1,25-dihydroxyvitamin, the active form of vitamin D. The
latter can selectively bind to Vitamin D Receptor (VDR) and mediate the “non calcemic”
effects of vitamin D. Indeed, besides the known role in calcium homeostasis, vitamin D
is a recognized regulator of the endocrine and immune systems as well as adipose tissue
functions [5].

Therefore, it is not surprising that the low serum vitamin D disposal may increase
the risk of several diseases, including cancer, cardiovascular disease (CVD), and neurode-
generative disorders. These pathologies are frequently characterized by the existence of a
latent chronic inflammation, which may contribute to the onset and severity of the diseases.

Nutrients 2022, 14, 347. https://doi.org/10.3390/nu14020347 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu14020347
https://doi.org/10.3390/nu14020347
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-6628-2184
https://orcid.org/0000-0002-0541-6211
https://orcid.org/0000-0001-6258-4847
https://orcid.org/0000-0002-6514-2689
https://orcid.org/0000-0003-2123-6074
https://doi.org/10.3390/nu14020347
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14020347?type=check_update&version=1


Nutrients 2022, 14, 347 2 of 16

Intriguingly, an inverse association between vitamin D levels and serum inflammatory
markers, including interleukin-6, C-Reactive Protein (CRP), and Tumour Necrosis Factor α,
has been recently discovered [6,7], thus suggesting that inflammation could be the common
factor linking together illness and low vitamin D status [8].

Considering the importance of sub-inflammation in the development of Metabolic
Syndrome (MetS), it has been hypothesized that vitamin D deficiency could play a con-
tributory role in the development of this disorder. MetS is a condition characterized by
different risk factors: central adiposity, dyslipidaemia, hypertension, hyperglycaemia, and
low-grade inflammation. Similar to vitamin D, MetS also increases with ageing and has
been reported to be widely implicated in the development of cancer and CVD.

Recently, the monocyte to high density lipoprotein ratio (MHR) has been addressed as
a new indicator of subclinical inflammation, particularly elevated in CVD and useful in the
prediction of MetS [9–11]. Monocytes represent the most important cells for the secretion
of pro-inflammatory and pro-oxidants cytokines. Thereby, an increase in the quantity of
monocytes is frequently associated with sub-inflammation [12]. By contrast, high den-
sity lipoprotein (HDL) generally exert an anti-inflammatory role, inhibiting monocytes’
activities and their differentiation into macrophages [13].

Despite several studies trying to disentangle the complex relationship between vitamin
D deficiency and MetS, many of them failed to detect an association between the two
conditions [14–16]. Moreover, although both vitamin D status and MetS display a different
incidence in male and female population, just few studies have analysed the role played by
gender difference in these two conditions [17,18].

Hereby, we analysed the vitamin D level in a population of 1048 healthy and metabolic
subjects, taking in consideration gender difference and inflammatory status. Overall, our
data depict an intriguing scenario in which gender difference is crucial in the determination
of vitamin D level and its association with MHR.

2. Materials and Methods
2.1. Study Participants

Patients’ recruitments, clinical, and biochemical parameters were registered consec-
utively in the electronic health register of Metabolic Disease of Department of Interdis-
ciplinary Medicine—Internal Medicine Division “Cesare Frugoni” of the “Aldo Moro”
University of Bari, Policlinico (Bari, Italy) from January 2017 to July 2021. A total of
1819 patients were initially enrolled in this study, among which 465 were follow-up ob-
servations; therefore, they were excluded from the study population. To the remaining
1354 patients, 49 patients who referred having abused alcohol in the recent years were
subsequently excluded. Then, we noticed that 51 out of the total 1354 patients lacked
the value of waist circumference (WC) and/or blood count, thence we removed them
from the study, reaching a number of 1254 patients. Patients with Inflammatory Bowel
Disease and/or Coeliac disease (n = 12), acute heart diseases (cardiac failure, coronary
arterial disease, acute arrhythmias), renal and hepatic failure, infections, secondary hy-
pertension, chronic systemic inflammatory diseases, and neoplastic diseases with recent
onset (less than 10 years) and/or under chemotherapy (n = 194) were excluded from the
study. Finally, we performed statistical analysis on a population of 1048 patients (528 males,
520 females). The study was approved by the Ethics Committee (MSC/PBMC/15) of the
Azienda Ospedaliero—Universitaria Policlinico di Bari (Bari, Italy) in accordance with the
requirements of the Declaration of Helsinki. Written informed consent for the use of clinical
data was obtained from all participants in the study.

2.2. Clinical Assessment

All participants underwent a detailed physical examination. Anthropometric assess-
ment was performed using standardized procedures, as previously described [19]. Briefly,
waist circumference (WC) was measured at the midpoint between the inferior part of the
12th costa and the anterior-superior iliac crests. BMI (body mass index) was computed as
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weight (kg) divided by the height (m) squared and BMI values (kg/m2) 25.0–29.9 and over
30.0 were considered as overweight and obesity conditions, respectively. Average systolic
and diastolic blood pressure (BP) were derived for each patient from three measurements
using manual sphygmomanometer. Hypertension was identified as systolic arterial blood
pressure (SAP) ≥ 140 mmHg, diastolic arterial blood pressure (DAP) ≥ 90 mmHg and/or
treatment with antihypertensive agents. Liver function tests like AST (SGOT) and ALT
(SGPT) were analysed using cut-off limits of 37 U/L and 78 U/L, individually.

The cardiovascular risk was assessed using the official Framingham Heart Study
calculator for cardiovascular disease in the upcoming 10 years adjusted for lipids. In
accordance with the approved Ethics Committee, it was used to include patients with 18 or
more years.

Prediabetes (preDM) and Diabetes Mellitus (DM) were identified according to in-
ternational criteria suggested by the American Diabetes Association [20]. Specifically,
PreDM was determined using the following criteria: HbA1c (percentage of glycosylated
haemoglobin) ≥ 5.7% ≤ 6.4% and fasting plasma glucose (FPG) ≥ 100 ≤ 125 mg/dL. For
DM, the criteria were: HbA1c (percentage of glycosylated haemoglobin) ≥ 6.5%, fasting
plasma glucose (FPG) ≥ 126 mg/dL and/or treatment for diabetes. To characterize dyslipi-
daemia, HDL cut-off was <40 mg/dL in males and <50 mg/dL in females. Furthermore,
a value of 150 mg/dL for both genders was considered pathological, whereas a total
cholesterol level of ≥200 mg/dL was used for the diagnosis of hypercholesterolemia. The
diagnosis of MetS was made according to 2006 IDF definition. The study population was
also classified having examined the presence/absence of each criterion of MetS.

2.3. Biochemical Measurements

Morning blood samples were obtained after 12 h of fasting from the antecubital veins
of patients. After blood clotting and centrifugation, serum was processed for analysis of
biochemical markers of lipid and glucose metabolism. Renal, liver, inflammation thyroid
function markers were as well studied following standardized biochemical procedures.
All biochemical measurements were centralized and performed in the ISO 9001 certified
laboratories of the University Hospital of Bari. Specifically, a complete blood count with
determination of leukocyte’s subpopulation was performed. Measurements of total and
HDL cholesterol, FPG, triglycerides were obtained through enzymatic colorimetric assay
(Siemens, Erlangen, Germany). CPR via nephelometry (Siemens, Erlangen, Germany).
C-peptide and 25-OH vitamin D were determined by CLIA on the LIAISON analyzer
(DiaSorin, Inc., Stillwater, MN, USA). HbA1c was assessed in human whole blood using
ion-exchange high-performance liquid chromatography (HPLC) on the Bio-Rad Variant
II Hemoglobin A1c Program (BIO-RAD Laboratories Srl, Milan, Italy). Uric acid was
determined by the URCA method on the Dimension Vista System (Siemens Healthcare
Diagnostic Products GmbH, Marburg, Germany). LDL cholesterol level was obtained using
the Friedewald formula and MHR was calculated manually.

2.4. Statistical Analysis

Descriptive statistical analyses of study sample were performed, and their results
were expressed as mean ± standard error of the mean (SEM) and frequencies (%), based
on the variable considered. Specifically, comparisons of socio-demographic and clinical
variables between two groups were conducted with the Student T-test (for continuous
variables) and the Pearson χ2 test (for categorical variables). Analysis between more than
two groups were performed through one-way analysis of variance (ANOVA) followed by
Bonferroni post-hoc test, where required. The correlation between continuous variables
was also analysed and estimated using Pearson’s Correlation Coefficient (r). p-values lower
than 0.05 were considered significant. All analyses were performed using the NCSS 12
Statistical Software, version 12.0.2018 (NCSS, LLC Company, Kaysville, UT, USA) and
GraphPad Prism, version 9.1.0 (GraphPad Software; San Diego, CA, USA).
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3. Results
3.1. Clinical Characterization of the Study Population

Figure 1A represents a flow diagram that describes the process of selection of the
population. We enrolled 1048 participants, whose baseline characteristics are presented in
Table 1. Of these, 582 patients (340 males and 242 females) were diagnosed with Metabolic
Syndrome (MetS), while 466 (188 males and 278 females) were non-metabolic subjects (MetS
NO). Compared to the latter, MetS patients were older and exhibited increased weight,
WC, BMI, systolic blood pressure, glycemia, HbA1c, triglycerides, and decreased HDL
(p < 0.05). Surprisingly, no significant differences were found for inflammation markers
(hs-PCR, ESR, WBC, neutrophils, monocytes, lymphocytes) in the two groups, whereas
MetS patients showed significantly lower levels of 25-OH vitamin D compared to no-MetS
subjects (p < 0.05). Considering non-invasive indexes, MetS patients presented increased
cardiovascular risk (Framingham Score) and HOMA index ratio.

Table 1. Clinical characterization of the study population 1.

Clinical Variable Healthy MetS p-Value

n (M:F) 466 (188:278) 582 (340:242) -
Age (years) 50.01 ± 0.73 60.71 ± 0.48 <0.05
Weight (Kg) 70.45 ± 0.75 83.10 ± 0.74 <0.05

Waist circumference (cm) 91.33 ± 0.64 105.96 ± 0.55 <0.05
BMI (Kg/m2) 25.25 ± 0.24 30.07 ± 0.23 <0.05

Sistolic blood pressure (mmHg) 120.68 ± 0.68 134.35 ± 0.66 <0.05
Diastolic blood pressure (mmHg) 76.02 ± 0.46 80.45 ± 0.42 NS

Platelet count (106/µL) 240.52 ± 2.86 232.42 ± 2.75 NS
Hemoglobin (g/dL) 13.69 ± 0.07 13.95 ± 0.07 NS

WBC (103/µL) 5.92 ± 0.08 6.90 ± 0.08 NS
Monocytes (%) 6.21 ± 0.07 6.38 ± 0.07 NS

Lymphocytes (%) 32.83 ± 0.35 31.03 ± 0.32 NS
Neutrophils (%) 57.64 ± 0.38 59.28 ± 0.34 NS

Basophils (%) 0.56 ± 0.01 0.56 ± 0.02 NS
Eosinophils (%) 2.65 ± 0.08 2.76 ± 0.08 NS

Glucose (mg/dL) 86.95 ± 0.55 117.97 ± 1.66 <0.05
HbA1c (mmol/mol) 35.10 ± 0.37 46.61 ± 0.66 <0.05

Total cholesterol (mg/dL) 188.93 ± 1.69 179.16 ± 1.96 NS
HDL-c (mg/dL) 59.77 ± 0.64 47.09 ± 0.58 <0.05
LDL-c (mg/dL) 111.13 ± 1.49 100.10 ± 1.49 NS

TG (mg/dL) 90.30 ± 1.74 158.88 ± 3.66 <0.05
AST (U/I) 22.94 ± 0.44 25.55 ± 0.53 NS
ALT (U/I) 28.89 ± 0.64 34.95 ± 0.97 NS
ALP (U/I) 69.14 ± 1.09 73.51 ± 1.17 NS
GGT (U/I) 28.81 ± 1.19 39.59 ± 1.65 <0.05

Creatinine (mg/dL) 0.78 ± 0.01 0.86 ± 0.01 NS
Uric acid (mg/dL) 4.09 ± 0.06 4.89 ± 0.07 NS

25-OH vitamin D(ng/mL) 24.54 ± 0.47 19.00 ± 0.37 <0.05
Total protein (g/dL) 7.31 ± 0.04 7.31 ± 0.02 NS

Albumin (g/dL) 4.44 ± 0.02 4.41 ± 0.02 NS
ESR (mm/h) 14.81 ± 0.67 20.06 ± 0.79 NS

Hs-CRP (mg/L) 3.71 ± 0.16 4.2 ± 0.21 NS
TSH (mUI/L) 1.82 ± 0.08 2.08 ± 0.09 NS
FT3 (pg/mL) 2.85 ± 0.03 2.77 ± 0.03 NS
FT4 (ng/dL) 1.05 ± 0.02 1.05 ± 0.01 NS

Cardiovascular risk (Framingham) 9.74 ± 0.54 29.24 ± 0.79 <0.05
HOMA index ratio 1.91 ± 0.10 3.88 ± 0.23 <0.05

1 Data are presented as mean ± SEM (standard error of the mean). BMI Body Mass Index, WBC White Blood Cell
Count, HbA1c glycosylated hemoglobin, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C
low-density lipoprotein cholesterol, TG triglyceride, AST aspartate transaminase, ALT alanine transaminase,
ALP alkaline phosphatase, GGT gamma-glutamyltransferase, Hs-CRP high-sensitivity C reactive protein, TSH
thyrotropin, FT3 tri-iodothyronine, FT4 thyroxine.
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Figure 1. Flowchart of study population and 25-OH vitamin D levels in different subgroups.
(A) Flowchart of the study population. (B) Comparison of 25-OH vitamin D levels in the entire study
population. Subjects categorized based on Metabolic Syndrome (MetS) diagnosis; non-metabolic
(MetS NO) subjects n = 466, MetS (MetS YES) patients n = 582. (C) Comparison of 25-OH vitamin D
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levels. Subjects were categorized based on positivity for MetS criteria. 0 criteria n = 139, 1 criterion
n = 157, 2 criteria n = 170, 3 criteria n = 225, 4 criteria n = 216, 5 criteria n = 141. (D) Comparison of
25-OH vitamin D levels according to the type-2 Diabetes Mellitus (DM) definition (E) Comparison
of 25-OH vitamin D values according to BMI definition. Subjects were divided in three different
categories. Healthy n = 384, Overweight n = 341, Obese n = 323. All data are presented as mean ± SEM.
Student T-test was performed for comparison of two groups, with * p < 0.05. One-way ANOVA test
followed by Bonferroni’s post-hoc test was used for comparison of three or more groups. Data from
groups sharing the same lowercase letter were not significantly different, whereas data from groups
with different case letter were significantly different (p < 0.05).

3.2. Association of Vitamin D Status with Metabolic Syndrome

To investigate the link between vitamin D levels and metabolic status, we compared
25-OH vitamin D levels in MetS and no MetS patients, showing that MetS subjects have
significantly lower values (Figure 1B). Moreover, we observed that 25-OH vitamin D
decreases when the number of positive diagnostic criteria of MetS increases (Figure 1C).

Given the role of MetS in diabetes pathogenesis [21], we analysed 25-OH vitamin D
status also in diabetic patients and detected significantly lower levels of 25-OH vitamin D
in diabetic subjects compared to non-diabetic ones (Figure 1D). Furthermore, since BMI
is closely related to metabolic status, we examined the relation between BMI and 25-OH
vitamin D, finding that 25-OH vitamin D levels decrease in overweight and obese patients
(according to their BMI) compared to normal subjects (Figure 1E).

Then, we assessed each diagnostic criterion of MetS individually, finding that 25-OH
vitamin D significatively decreases in patients with higher WC (Figure 2A), in those with
fasting hyperglycaemia or currently in treatment for diabetes (Figure 2B) as well as in
patients with hypertriglyceridemia or under treatment for it (Figure 2E). No statistical
differences in 25-OH vitamin D levels were observed in patients with low HDL (Figure 2C)
and increased blood pressure (Figure 2D) compared to controls. These data confirm the
relationship between vitamin D status and MetS, and its criteria. Particularly, to each
criterion that is positively associated with MetS corresponds a decrease in vitamin D levels.

To better understand if age and/or gender could determine 25-OH vitamin D varia-
tions, we divided our study population by gender and then by age, identifying five different
age ranges. The results showed that in all age ranges, MetS patients had lower levels of
vitamin D with a significant reduction in younger males between the age of 18 and 55
years old (Figure 3A) and in every time of life in females (Figure 3B). Taken together, these
data show that 25-OH vitamin D levels lifelong correlate with metabolic status, especially
in females.
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Figure 2. OH-25 vitamin D levels analysed by each MetS criterion. (A–E). T-Test comparison of
OH-25 vitamin D values in subjects divided by positivity for each MetS criterion according to IDF
definition. Data is presented as mean ± SEM. * p < 0.05.
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Figure 3. Comparison of OH-25 vitamin D levels in non-metabolic and metabolic subjects, divided
by gender and age. (A) Comparison of OH-25 vitamin D levels in male subjects. Patients were
classified in non-metabolic (MetS NO) and metabolic (MetS YES) subjects and divided by age ranges.
Data is presented as mean ± SEM. Statistical significance was assessed by Student T-test (* p < 0.05).
(B) Comparison of OH-25 vitamin D levels in female subjects according to the MetS definition (IDF).
Patients were divided by age ranges. Data is presented as mean ± SEM. Statistical significance was
assessed by Student t-test (* p < 0.05).

3.3. Vitamin D and MHR Correlation

Since inflammation is a hallmark of MetS [21] and vitamin D levels are strictly corre-
lated both to inflammation and MetS [22], we evaluated if inflammation markers change
in MetS patients according to their vitamin D status. To this end, the populations of MetS
and no-MetS patients was divided in three groups based on their 25-OH vitamin D serum
concentrations.

The analysis of the levels of different markers of inflammation revealed no significa-
tive differences among MetS and no-MetS subjects for hs-CRP, ESR, serum ferritin, and
fibrinogen, apart from serum ferritin in vitamin D deficit (Figure 4A−D). By contrast, the
statistical comparison of MHR in MetS and no-MetS individuals showed a significant
upregulation of MHR values in MetS, for all vitamin D levels (Figure 4E). Interestingly, we
detected a clear negative correlation trend: MHR values decrease correspondingly with
vitamin D levels increase. To understand the significance of this observation, especially in
relation to gender difference, we divided our cohort of patients by gender and studied the
correlation between 25-OH vitamin D and MHR in both male and female (Figure 4F). As
expected, we found a significative correlation in both genders, even if this correlation had
higher statistical relevance in females (p < 0.01) than in males (p < 0.05). Interestingly, the
correlation remained also after breaking out these two subpopulations by age (Figure 5).
Similarly to what observed for MetS and vitamin D status, the correlation between vitamin
D and MHR was statistically significant at any age considered. Anyway, by correcting this
analysis by gender and age, we highlighted a stronger correlation in females (p < 0.01) older
than 45 years old (Figure 5B,C) than in matched age males (p < 0.05).
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Figure 4. Evaluation of serum inflammation markers and Monocyte-to-HDL ratio in non-metabolic
and metabolic subjects, divided by 25-OH vitamin D levels. (A–D) Comparison of serum inflamma-
tion markers in non-metabolic (MetS NO) and MetS (MetS YES) subjects, divided by 25-OH vitamin
D levels. Data is presented as mean ± SEM. Statistical significance was assessed by Student T-test
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(* p < 0.05). (E) Comparison of Monocyte-to-HDL ratio (MHR) levels in non-metabolic (MetS NO)
and MetS (MetS YES) subjects, divided by 25-OH vitamin D levels. Data is presented as mean ± SEM.
Statistical significance was assessed by Student t-test (* p < 0.05, ** p < 0.01). (F) Correlation analysis
of 25-OH vitamin D and MHR in the entire study population, divided by gender.
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Figure 5. Gender-based correlation between 25-OH vitamin D and Monocyte-to-HDL ratio in different
groups. (A–C) Correlation analysis of 25-OH vitamin D and MHR in male and female subjects;
(A) analysis was conducted on subjects with age 18–45, (B) was conducted on subjects with age 46–65
and (C) was conducted on subjects with age 65+.

To evaluate the influence of metabolic disorders on vitamin D and MHR relation, we
analysed MHR and vitamin D in MetS compared to non-MetS females (Figure 6A) and
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males (Figure 6B). Our statistical analyses showed that the correlation between MHR and
vitamin D is independent from MetS in females, while in males this correlation is lost in
MetS patients. On the contrary, we found that the presence of diabetes did not influence the
relationship between MHR and vitamin D in both genders, although a better significance
has been observed in females (Figure 6C) with respect to males (Figure 6D).
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Figure 6. Correlation between 25-OH vitamin D and Monocyte-to-HDL ratio according to MetS and
Diabetes Mellitus (DM) definitions. (A,B) Correlation analysis of 25-OH vitamin D and MHR in
male and female subjects, divided by non-metabolic status (NO) and MetS diagnosis (YES). (C,D)
Correlation analysis of 25-OH vitamin D and MHR in male and female subjects, divided by absence
(NO) and presence (YES) of Diabetes Mellitus diagnosis.

To deepen our analysis, we stratified the populations by BMI and WC, and the strength
of the MHR-vitamin D correlation in females was dramatically clear. Intriguingly, the
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vitamin D-MHR correlation in female is independent from BMI (Figure 7A) and WC
(Figure 7C), always showing very high statistical significance (p < 0.01). By contrast, in
male, this relationship was detected only in patients defined as obese by BMI (Figure 7B)
or with increased WC (Figure 7D), but with lower statistical strength than in females
(p < 0.05). Taken together, these findings confirm that a relation between vitamin D and
MHR may exist.

Nutrients 2022, 14, x FOR PEER REVIEW 13 of 18 
 

 

To deepen our analysis, we stratified the populations by BMI and WC, and the 
strength of the MHR-vitamin D correlation in females was dramatically clear. 
Intriguingly, the vitamin D-MHR correlation in female is independent from BMI (Figure 
7A) and WC (Figure 7C), always showing very high statistical significance (p < 0.01). By 
contrast, in male, this relationship was detected only in patients defined as obese by BMI 
(Figure 7B) or with increased WC (Figure 7D), but with lower statistical strength than in 
females (p < 0.05). Taken together, these findings confirm that a relation between vitamin 
D and MHR may exist. 

 
Figure 7. Correlation between 25-OH vitamin D and Monocyte-to-HDL ratio according to BMI 
definition and waist circumference criterion for MetS. (A,B) Correlation analysis of 25-OH vitamin 

Figure 7. Correlation between 25-OH vitamin D and Monocyte-to-HDL ratio according to BMI
definition and waist circumference criterion for MetS. (A,B) Correlation analysis of 25-OH vitamin
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and obese. (C,D) Correlation analysis of OH-25 vitamin D and MHR in female and male subjects,
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4. Discussion

This cross-sectional population-based study provides evidence that 25-OH vitamin
D inversely correlates with MHR index. Particularly, this correlation has an extreme
significance lifelong in females, regardless their metabolic state. Conversely, a significant
inverse relationship between 25-OH vitamin D and MHR is observed in males that are
obese or that display an increased visceral adiposity.

Vitamin D metabolism is closely related to body fat content [23], and its levels are
negatively associated with increased waist circumference and BMI [24]. Different hypothe-
ses raised until now have tried to explain the nexus between adiposity and vitamin D.
Firstly, adipose tissue is the main storage depot for vitamin D, given the fat soluble na-
ture of this molecule, and functions as a buffering system that slowly releases vitamin
D in the circulation during fasting, thus avoiding unregulated production of functional
25-OH Vitamin D after dietary intake [25,26]. Then, the limited mobility that characterized
many overweight and obese subjects may result in a decrease exposure to sunlight, hence
negatively impairing the vitamin D synthesis [27].

Besides being sequestered by the adipose tissue, vitamin D can also play different
roles in fat metabolism. Vitamin D seems to modulate some of the genes involved in
the regulation of serum cholesterol via VDR [28,29]. Indeed, vitamin D levels positively
correlates with HDL, especially in male population [30,31]. However, it is still not clear if
also the supplementation of vitamin D may increase the level of HDL cholesterol [32–34].

Furthermore, vitamin D is involved in the adipogenesis, regulating multiple levels of
the differentiation process of pre-adipocytes in mature adipocytes [35–38]. Intriguingly, low
levels of vitamin D have been associated with increase in low grade inflammation, which
can act as a stimulatory factor in promoting adipocytes proliferation and the remodelling
of adipose tissue, especially in obesity [39,40]. Central obesity induces macrophages
infiltration and activation in adipose tissue, causing a low grade inflammation. In this
scenario, both adipocytes and adipose tissue-infiltrating macrophages are prominent source
of pro-inflammatory cytokines, further exacerbating the damage [41]. Active metabolites
of vitamin D act directly on macrophages, diminishing the release of proinflammatory
cytokines and chemokines, therefore limiting sub-inflammatory state [42].

Our data display an inverse correlation between 25-OH-vitamin D and MHR. The latter
has emerged as a powerful index of systemic inflammation that, integrating both proin-
flammatory (monocytes) and anti-inflammatory (HDL) factors, is useful in the prediction of
different pathological conditions, especially cardiovascular ones [10,43,44]. Differently from
Mousa et al., in our population, 25-OH-vitamin D levels are negatively associated not only
in young individuals, but also in older ones [45]. Specifically, in our population, a stronger
correlation between 25-OH-vitamin D and MHR is observed with the progression of age.
Of note, vitamin D may interfere with both the parameters of MHR calculation. Indeed,
besides playing a role in HDL formation, active vitamin D metabolites lower the release of
proinflammatory mediators, thus impairing the recruitment of monocytes/macrophages
and reducing overall inflammation [46,47].

Recently, an association between MHR and MetS was depicted [11,48–50], highlighting
a gender influence in the determination of the index. In our study, the low levels of
vitamin D correlate with MetS and its criteria (waist circumference, hyperglycaemia, and
hypertriglyceridemia), predominantly in females. Given that vitamin D deficiency is closely
related to body fat content and inflammation and that increased waist circumference has
been associated with a sub-inflammatory state, it is possible to wonder if a supplementation
of vitamin D to those subjects that display vitamin D deficiency together with increase MHR
could exert a beneficial effect, protecting them from the onset of severe health consequences.

It is important to note that a gender difference exists in fat distribution between women
and men. Generally, women display higher body fat than men, which is usually more
present in the gluteal-femoral region, differently from men that store more fat in the visceral
depot. Central obesity is mainly characterized by a low-grade inflammatory status that may
promote the onset of diseases. This may explain why in our male population the inverse
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correlation between 25-OH vitamin D and MHR is observed only in those that are obese or
with an increased waist circumference, while in females it is independent from the metabolic
status. Consistently, previous studies indicate that vitamin D deficiency in obese individuals
is given by limited bioavailability due to increased deposition, especially in visceral fat
depots [51,52]. Therefore, these findings highlight the importance of considering the
gender difference when determining the level of vitamin D and its association with MHR.
In conclusion, by stratifying our population by gender, waist circumference, and body mass
index (BMI), we observed that while in males this relation is strongly significative only
in condition of central obesity, in females a lifelong negative correlation exists between
circulating 25-OH vitamin D and MHR and it is independent of the metabolic status. Since
other indexes of inflammation, such as peripheral blood neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio, have been recently proposed as a predictor of osteoporosis, a
bone disease typical of menopausal women [53,54], it would be intriguing to understand if
inflammation indexes as MHR could be useful to predict 25-OH vitamin D deficiency and
the related clinical conditions. These observations underscore the relevance of circulating
biomarkers such as MHR in the prediction of systemic inflammatory conditions sustained
by vitamin D deficiency also in healthy and young women.

Author Contributions: Conceptualization, A.M.; methodology, C.D.M. and L.C; software, C.D.M.;
formal analysis, C.D.M.; investigation, C.D.M., L.C., and M.C.; resources, G.P. and P.S.; data curation,
S.B.; writing—original draft preparation, C.D.M., L.C., and E.P.; writing—review and editing, E.P.;
visualization, C.D.M. and E.P.; supervision, C.S., E.P., and A.M.; project administration, A.M.; funding
acquisition, A.M. All authors have read and agreed to the published version of the manuscript.

Funding: A.M. is funded by EU-JPI HDL-INTIMIC –MIUR FATMAL; MIUR-PRIN 2017 Cod. 2017
J3E2W2; MIUR-PON “R&I” 2014–2020 “BIOMIS” cod.ARS01_01220; POR Puglia FESR—FSE 2014–
2020, “INNOMA” cod. 4TCJLV4. E.P. is funded by PON AIM1853334—Attività 2, linea 1.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of Azienda Ospedaliero—
Universitaria Policlinico di Bari (Bari, Italy).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical issues.

Acknowledgments: We thank the physicians and nurses of the Unità Operativa Complessa Universi-
taria di Medicina Interna “Cesare Frugoni” of the Azienda Ospedaliero—Universitaria Policlinico di
Bari for their help and support during the study. A special thanks to Roberta Le Donne and Antonella
De Ruvo for their support.

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

References
1. Amrein, K.; Scherkl, M.; Hoffmann, M.; Neuwersch-Sommeregger, S.; Kostenberger, M.; Tmava Berisha, A.; Martucci, G.; Pilz, S.;

Malle, O. Vitamin D deficiency 2.0: An update on the current status worldwide. Eur. J. Clin. Nutr. 2020, 74, 1498–1513. [CrossRef]
[PubMed]

2. Manson, J.E.; Brannon, P.M.; Rosen, C.J.; Taylor, C.L. Vitamin D Deficiency—Is There Really a Pandemic? N. Engl. J. Med. 2016,
375, 1817–1820. [CrossRef]

3. Cashman, K.D.; Dowling, K.G.; Skrabakova, Z.; Gonzalez-Gross, M.; Valtuena, J.; De Henauw, S.; Moreno, L.; Damsgaard, C.T.;
Michaelsen, K.F.; Molgaard, C.; et al. Vitamin D deficiency in Europe: Pandemic? Am. J. Clin. Nutr. 2016, 103, 1033–1044.
[CrossRef]

4. Lips, P.; Cashman, K.D.; Lamberg-Allardt, C.; Bischoff-Ferrari, H.A.; Obermayer-Pietsch, B.; Bianchi, M.L.; Stepan, J.; El-Hajj
Fuleihan, G.; Bouillon, R. Current vitamin D status in European and Middle East countries and strategies to prevent vitamin
D deficiency: A position statement of the European Calcified Tissue Society. Eur. J. Endocrinol. 2019, 180, P23–P54. [CrossRef]
[PubMed]

5. Bouillon, R.; Carmeliet, G.; Lieben, L.; Watanabe, M.; Perino, A.; Auwerx, J.; Schoonjans, K.; Verstuyf, A. Vitamin D and energy
homeostasis: Of mice and men. Nat. Rev. Endocrinol. 2014, 10, 79–87. [CrossRef]

http://doi.org/10.1038/s41430-020-0558-y
http://www.ncbi.nlm.nih.gov/pubmed/31959942
http://doi.org/10.1056/NEJMp1608005
http://doi.org/10.3945/ajcn.115.120873
http://doi.org/10.1530/EJE-18-0736
http://www.ncbi.nlm.nih.gov/pubmed/30721133
http://doi.org/10.1038/nrendo.2013.226


Nutrients 2022, 14, 347 15 of 16

6. Bellia, A.; Garcovich, C.; D’Adamo, M.; Lombardo, M.; Tesauro, M.; Donadel, G.; Gentileschi, P.; Lauro, D.; Federici, M.; Lauro,
R.; et al. Serum 25-hydroxyvitamin D levels are inversely associated with systemic inflammation in severe obese subjects. Intern.
Emerg. Med. 2013, 8, 33–40. [CrossRef]

7. Peterson, C.A.; Heffernan, M.E. Serum tumor necrosis factor-alpha concentrations are negatively correlated with serum 25(OH)D
concentrations in healthy women. J. Inflamm. 2008, 5, 10. [CrossRef]

8. Autier, P.; Boniol, M.; Pizot, C.; Mullie, P. Vitamin D status and ill health: A systematic review. Lancet Diabetes Endocrinol. 2014, 2,
76–89. [CrossRef]

9. Akboga, M.K.; Balci, K.G.; Maden, O.; Ertem, A.G.; Kirbas, O.; Yayla, C.; Acar, B.; Aras, D.; Kisacik, H.; Aydogdu, S. Usefulness of
monocyte to HDL-cholesterol ratio to predict high SYNTAX score in patients with stable coronary artery disease. Biomark. Med.
2016, 10, 375–383. [CrossRef]

10. Ganjali, S.; Gotto, A.M., Jr.; Ruscica, M.; Atkin, S.L.; Butler, A.E.; Banach, M.; Sahebkar, A. Monocyte-to-HDL-cholesterol ratio as a
prognostic marker in cardiovascular diseases. J. Cell. Physiol. 2018, 233, 9237–9246. [CrossRef] [PubMed]

11. Battaglia, S.; Scialpi, N.; Berardi, E.; Antonica, G.; Suppressa, P.; Diella, F.A.; Colapietro, F.; Ruggieri, R.; Guglielmini, G.; Noia, A.;
et al. Gender, BMI and fasting hyperglycaemia influence Monocyte to-HDL ratio (MHR) index in metabolic subjects. PLoS ONE
2020, 15, e0231927. [CrossRef] [PubMed]

12. Shi, C.; Pamer, E.G. Monocyte recruitment during infection and inflammation. Nat. Rev. Immunol. 2011, 11, 762–774. [CrossRef]
13. Tall, A.R.; Yvan-Charvet, L. Cholesterol, inflammation and innate immunity. Nat. Rev. Immunol. 2015, 15, 104–116. [CrossRef]
14. Reis, J.P.; von Muhlen, D.; Kritz-Silverstein, D.; Wingard, D.L.; Barrett-Connor, E. Vitamin D, parathyroid hormone levels, and the

prevalence of metabolic syndrome in community-dwelling older adults. Diabetes Care 2007, 30, 1549–1555. [CrossRef]
15. Majumdar, V.; Nagaraja, D.; Christopher, R. Vitamin D status and metabolic syndrome in Asian Indians. Int. J. Obes. 2011, 35,

1131–1134. [CrossRef]
16. Kim, S.; Lim, J.; Kye, S.; Joung, H. Association between vitamin D status and metabolic syndrome risk among Korean population:

Based on the Korean National Health and Nutrition Examination Survey IV-2, 2008. Diabetes Res. Clin. Pract. 2012, 96, 230–236.
[CrossRef] [PubMed]

17. Sung, K.C.; Chang, Y.; Ryu, S.; Chung, H.K. High levels of serum vitamin D are associated with a decreased risk of metabolic
diseases in both men and women, but an increased risk for coronary artery calcification in Korean men. Cardiovasc. Diabetol. 2016,
15, 112. [CrossRef]

18. Pott-Junior, H.; Nascimento, C.M.C.; Costa-Guarisco, L.P.; Gomes, G.A.O.; Gramani-Say, K.; Orlandi, F.S.; Gratao, A.C.M.; Orlandi,
A.; Pavarini, S.C.I.; Vasilceac, F.A.; et al. Vitamin D Deficient Older Adults Are More Prone to Have Metabolic Syndrome, but Not
to a Greater Number of Metabolic Syndrome Parameters. Nutrients 2020, 12, 748. [CrossRef]

19. De Matteis, C.; Cariello, M.; Graziano, G.; Battaglia, S.; Suppressa, P.; Piazzolla, G.; Sabba, C.; Moschetta, A. AST to Platelet Ratio
Index (APRI) is an easy-to-use predictor score for cardiovascular risk in metabolic subjects. Sci. Rep. 2021, 11, 14834. [CrossRef]
[PubMed]

20. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2013, 36 (Suppl. 1), S67–S74.
[CrossRef] [PubMed]

21. Alberti, K.G.; Zimmet, P.; Shaw, J. Metabolic syndrome—A new world-wide definition. A Consensus Statement from the
International Diabetes Federation. Diabet. Med. 2006, 23, 469–480. [CrossRef]

22. Abbas, M.A. Physiological functions of Vitamin D in adipose tissue. J. Steroid Biochem. Mol. Biol. 2017, 165, 369–381. [CrossRef]
23. Sorkin, J.D.; Vasaitis, T.S.; Streeten, E.; Ryan, A.S.; Goldberg, A.P. Evidence for threshold effects of 25-hydroxyvitamin D on

glucose tolerance and insulin resistance in black and white obese postmenopausal women. J. Nutr. 2014, 144, 734–742. [CrossRef]
[PubMed]

24. Arunabh, S.; Pollack, S.; Yeh, J.; Aloia, J.F. Body fat content and 25-hydroxyvitamin D levels in healthy women. J. Clin. Endocrinol.
Metab. 2003, 88, 157–161. [CrossRef] [PubMed]

25. Rosenstreich, S.J.; Rich, C.; Volwiler, W. Deposition in and release of vitamin D3 from body fat: Evidence for a storage site in the
rat. J. Clin. Investig. 1971, 50, 679–687. [CrossRef] [PubMed]

26. Brouwer, D.A.; van Beek, J.; Ferwerda, H.; Brugman, A.M.; van der Klis, F.R.; van der Heiden, H.J.; Muskiet, F.A. Rat adipose
tissue rapidly accumulates and slowly releases an orally-administered high vitamin D dose. Br. J. Nutr. 1998, 79, 527–532.
[CrossRef] [PubMed]

27. Wortsman, J.; Matsuoka, L.Y.; Chen, T.C.; Lu, Z.; Holick, M.F. Decreased bioavailability of vitamin D in obesity. Am. J. Clin. Nutr.
2000, 72, 690–693. [CrossRef]

28. Wehmeier, K.R.; Mazza, A.; Hachem, S.; Ligaray, K.; Mooradian, A.D.; Wong, N.C.; Haas, M.J. Differential regulation of
apolipoprotein A-I gene expression by vitamin D receptor modulators. Biochim. Biophys. Acta 2008, 1780, 264–273. [CrossRef]

29. Wang, J.H.; Keisala, T.; Solakivi, T.; Minasyan, A.; Kalueff, A.V.; Tuohimaa, P. Serum cholesterol and expression of ApoAI,
LXRbeta and SREBP2 in vitamin D receptor knock-out mice. J. Steroid Biochem. Mol. Biol. 2009, 113, 222–226. [CrossRef]

30. Wang, Y.; Si, S.; Liu, J.; Wang, Z.; Jia, H.; Feng, K.; Sun, L.; Song, S.J. The Associations of Serum Lipids with Vitamin D Status.
PLoS ONE 2016, 11, e0165157. [CrossRef]

31. Alkhatatbeh, M.J.; Amara, N.A.; Abdul-Razzak, K.K. Association of 25-hydroxyvitamin D with HDL-cholesterol and other
cardiovascular risk biomarkers in subjects with non-cardiac chest pain. Lipids Health Dis. 2019, 18, 27. [CrossRef] [PubMed]

http://doi.org/10.1007/s11739-011-0559-x
http://doi.org/10.1186/1476-9255-5-10
http://doi.org/10.1016/S2213-8587(13)70165-7
http://doi.org/10.2217/bmm-2015-0050
http://doi.org/10.1002/jcp.27028
http://www.ncbi.nlm.nih.gov/pubmed/30076716
http://doi.org/10.1371/journal.pone.0231927
http://www.ncbi.nlm.nih.gov/pubmed/32343751
http://doi.org/10.1038/nri3070
http://doi.org/10.1038/nri3793
http://doi.org/10.2337/dc06-2438
http://doi.org/10.1038/ijo.2010.232
http://doi.org/10.1016/j.diabres.2012.01.001
http://www.ncbi.nlm.nih.gov/pubmed/22309788
http://doi.org/10.1186/s12933-016-0432-3
http://doi.org/10.3390/nu12030748
http://doi.org/10.1038/s41598-021-94277-3
http://www.ncbi.nlm.nih.gov/pubmed/34290320
http://doi.org/10.2337/dc13-S067
http://www.ncbi.nlm.nih.gov/pubmed/23264425
http://doi.org/10.1111/j.1464-5491.2006.01858.x
http://doi.org/10.1016/j.jsbmb.2016.08.004
http://doi.org/10.3945/jn.114.190660
http://www.ncbi.nlm.nih.gov/pubmed/24717362
http://doi.org/10.1210/jc.2002-020978
http://www.ncbi.nlm.nih.gov/pubmed/12519845
http://doi.org/10.1172/JCI106538
http://www.ncbi.nlm.nih.gov/pubmed/4322721
http://doi.org/10.1079/BJN19980091
http://www.ncbi.nlm.nih.gov/pubmed/9771340
http://doi.org/10.1093/ajcn/72.3.690
http://doi.org/10.1016/j.bbagen.2007.11.008
http://doi.org/10.1016/j.jsbmb.2009.01.003
http://doi.org/10.1371/journal.pone.0165157
http://doi.org/10.1186/s12944-019-0961-3
http://www.ncbi.nlm.nih.gov/pubmed/30684966


Nutrients 2022, 14, 347 16 of 16

32. Wang, H.; Xia, N.; Yang, Y.; Peng, D.Q. Influence of vitamin D supplementation on plasma lipid profiles: A meta-analysis of
randomized controlled trials. Lipids Health Dis. 2012, 11, 42. [CrossRef] [PubMed]

33. Schwetz, V.; Scharnagl, H.; Trummer, C.; Stojakovic, T.; Pandis, M.; Grubler, M.R.; Verheyen, N.; Gaksch, M.; Zittermann, A.;
Aberer, F.; et al. Vitamin D supplementation and lipoprotein metabolism: A randomized controlled trial. J. Clin. Lipidol. 2018, 12,
588–596. [CrossRef]

34. Dibaba, D.T. Effect of vitamin D supplementation on serum lipid profiles: A systematic review and meta-analysis. Nutr. Rev.
2019, 77, 890–902. [CrossRef] [PubMed]

35. Blumberg, J.M.; Tzameli, I.; Astapova, I.; Lam, F.S.; Flier, J.S.; Hollenberg, A.N. Complex role of the vitamin D receptor and its
ligand in adipogenesis in 3T3-L1 cells. J. Biol. Chem. 2006, 281, 11205–11213. [CrossRef]

36. Kong, J.; Li, Y.C. Molecular mechanism of 1,25-dihydroxyvitamin D3 inhibition of adipogenesis in 3T3-L1 cells. Am. J. Physiol.
Endocrinol. Metab. 2006, 290, E916–E924. [CrossRef]

37. Nimitphong, H.; Holick, M.F.; Fried, S.K.; Lee, M.J. 25-hydroxyvitamin D(3) and 1,25-dihydroxyvitamin D(3) promote the
differentiation of human subcutaneous preadipocytes. PLoS ONE 2012, 7, e52171. [CrossRef]

38. Narvaez, C.J.; Simmons, K.M.; Brunton, J.; Salinero, A.; Chittur, S.V.; Welsh, J.E. Induction of STEAP4 correlates with 1,25-
dihydroxyvitamin D3 stimulation of adipogenesis in mesenchymal progenitor cells derived from human adipose tissue. J. Cell.
Physiol. 2013, 228, 2024–2036. [CrossRef] [PubMed]

39. Zatterale, F.; Longo, M.; Naderi, J.; Raciti, G.A.; Desiderio, A.; Miele, C.; Beguinot, F. Chronic Adipose Tissue Inflammation
Linking Obesity to Insulin Resistance and Type 2 Diabetes. Front. Physiol. 2019, 10, 1607. [CrossRef]

40. Crudele, L.; Piccinin, E.; Moschetta, A. Visceral Adiposity and Cancer: Role in Pathogenesis and Prognosis. Nutrients 2021,
13, 2101. [CrossRef]

41. Bourlier, V.; Bouloumie, A. Role of macrophage tissue infiltration in obesity and insulin resistance. Diabetes Metab. 2009, 35,
251–260. [CrossRef]

42. Guillot, X.; Semerano, L.; Saidenberg-Kermanac’h, N.; Falgarone, G.; Boissier, M.C. Vitamin D and inflammation. Jt. Bone Spine
2010, 77, 552–557. [CrossRef]

43. Karatas, A.; Turkmen, E.; Erdem, E.; Dugeroglu, H.; Kaya, Y. Monocyte to high-density lipoprotein cholesterol ratio in patients
with diabetes mellitus and diabetic nephropathy. Biomark. Med. 2018, 12, 953–959. [CrossRef] [PubMed]

44. Sun, M.; Liang, C.; Lin, H.; Meng, Y.; Tang, Q.; Shi, X.; Zhang, E.; Tang, Q. Monocyte to HDL cholesterol ratio as a marker of the
presence and severity of obstructive sleep apnea in hypertensive patients. Sci. Rep. 2021, 11, 15821. [CrossRef]

45. Mousa, H.; Islam, N.; Ganji, V.; Zughaier, S.M. Serum 25-Hydroxyvitamin D Is Inversely Associated with Monocyte Percentage to
HDL Cholesterol Ratio among Young Healthy Adults in Qatar. Nutrients 2020, 13, 127. [CrossRef] [PubMed]

46. Zhang, Y.; Leung, D.Y.; Richers, B.N.; Liu, Y.; Remigio, L.K.; Riches, D.W.; Goleva, E. Vitamin D inhibits monocyte/macrophage
proinflammatory cytokine production by targeting MAPK phosphatase-1. J. Immunol. 2012, 188, 2127–2135. [CrossRef] [PubMed]

47. Riek, A.E.; Oh, J.; Sprague, J.E.; Timpson, A.; de las Fuentes, L.; Bernal-Mizrachi, L.; Schechtman, K.B.; Bernal-Mizrachi, C.
Vitamin D suppression of endoplasmic reticulum stress promotes an antiatherogenic monocyte/macrophage phenotype in type 2
diabetic patients. J. Biol. Chem. 2012, 287, 38482–38494. [CrossRef] [PubMed]

48. Uslu, A.U.; Sekin, Y.; Tarhan, G.; Canakci, N.; Gunduz, M.; Karagulle, M. Evaluation of Monocyte to High-Density Lipoprotein
Cholesterol Ratio in the Presence and Severity of Metabolic Syndrome. Clin. Appl. Thromb. Hemost. 2018, 24, 828–833. [CrossRef]

49. Vahit, D.; Akboga, M.K.; Samet, Y.; Huseyin, E. Assessment of monocyte to high density lipoprotein cholesterol ratio and
lymphocyte-to-monocyte ratio in patients with metabolic syndrome. Biomark. Med. 2017, 11, 535–540. [CrossRef]

50. Melguizo-Rodriguez, L.; Costela-Ruiz, V.J.; Garcia-Recio, E.; De Luna-Bertos, E.; Ruiz, C.; Illescas-Montes, R. Role of Vitamin D in
the Metabolic Syndrome. Nutrients 2021, 13, 830. [CrossRef]

51. Cheng, S.; Massaro, J.M.; Fox, C.S.; Larson, M.G.; Keyes, M.J.; McCabe, E.L.; Robins, S.J.; O’Donnell, C.J.; Hoffmann, U.; Jacques,
P.F.; et al. Adiposity, cardiometabolic risk, and vitamin D status: The Framingham Heart Study. Diabetes 2010, 59, 242–248.
[CrossRef] [PubMed]

52. Johnson, L.K.; Hofso, D.; Aasheim, E.T.; Tanbo, T.; Holven, K.B.; Andersen, L.F.; Roislien, J.; Hjelmesaeth, J. Impact of gender on
vitamin D deficiency in morbidly obese patients: A cross-sectional study. Eur. J. Clin. Nutr. 2012, 66, 83–90. [CrossRef] [PubMed]

53. Yilmaz, H.; Uyfun, M.; Yilmaz, T.S.; Namuslu, M.; Inan, O.; Taskin, A.; Cakmak, M.; Bilgic, M.A.; Bavbek, N.; Akcay, A.; et al.
Neutrophil-lymphocyte ratio may be superior to C-reactive protein for predicting the occurrence of postmenopausal osteoporosis.
Endocr. Regul. 2014, 48, 25–33. [CrossRef] [PubMed]

54. Gao, K.; Zhu, W.; Liu, W.; Ma, D.; Li, H.; Yu, W.; Li, Q.; Cao, Y. The predictive role of monocyte-to-lymphocyte ratio in osteoporosis
patient. Medicine 2019, 98, e16793. [CrossRef] [PubMed]

http://doi.org/10.1186/1476-511X-11-42
http://www.ncbi.nlm.nih.gov/pubmed/22433171
http://doi.org/10.1016/j.jacl.2018.03.079
http://doi.org/10.1093/nutrit/nuz037
http://www.ncbi.nlm.nih.gov/pubmed/31407792
http://doi.org/10.1074/jbc.M510343200
http://doi.org/10.1152/ajpendo.00410.2005
http://doi.org/10.1371/journal.pone.0052171
http://doi.org/10.1002/jcp.24371
http://www.ncbi.nlm.nih.gov/pubmed/23553608
http://doi.org/10.3389/fphys.2019.01607
http://doi.org/10.3390/nu13062101
http://doi.org/10.1016/j.diabet.2009.05.001
http://doi.org/10.1016/j.jbspin.2010.09.018
http://doi.org/10.2217/bmm-2018-0048
http://www.ncbi.nlm.nih.gov/pubmed/30043636
http://doi.org/10.1038/s41598-021-95095-3
http://doi.org/10.3390/nu13010127
http://www.ncbi.nlm.nih.gov/pubmed/33396346
http://doi.org/10.4049/jimmunol.1102412
http://www.ncbi.nlm.nih.gov/pubmed/22301548
http://doi.org/10.1074/jbc.M112.386912
http://www.ncbi.nlm.nih.gov/pubmed/23012375
http://doi.org/10.1177/1076029617741362
http://doi.org/10.2217/bmm-2016-0380
http://doi.org/10.3390/nu13030830
http://doi.org/10.2337/db09-1011
http://www.ncbi.nlm.nih.gov/pubmed/19833894
http://doi.org/10.1038/ejcn.2011.140
http://www.ncbi.nlm.nih.gov/pubmed/21792214
http://doi.org/10.4149/endo_2014_01_25
http://www.ncbi.nlm.nih.gov/pubmed/24524373
http://doi.org/10.1097/MD.0000000000016793
http://www.ncbi.nlm.nih.gov/pubmed/31441851

	Introduction 
	Materials and Methods 
	Study Participants 
	Clinical Assessment 
	Biochemical Measurements 
	Statistical Analysis 

	Results 
	Clinical Characterization of the Study Population 
	Association of Vitamin D Status with Metabolic Syndrome 
	Vitamin D and MHR Correlation 

	Discussion 
	References

