
Citation: Vigna, L.; Speciani, M.C.;

Tirelli, A.S.; Bravi, F.; La Vecchia, C.;

Conte, C.; Gori, F. Vitamin D and

Metabolic Syndrome in Working Age

Subjects from an Obesity Clinic.

Nutrients 2023, 15, 4354. https://

doi.org/10.3390/nu15204354

Academic Editor: Bibiana

Garcia-Bailo

Received: 11 September 2023

Revised: 28 September 2023

Accepted: 11 October 2023

Published: 12 October 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Vitamin D and Metabolic Syndrome in Working Age Subjects
from an Obesity Clinic
Luisella Vigna 1,*,† , Michela Carola Speciani 2,† , Amedea Silvia Tirelli 1, Francesca Bravi 2 ,
Carlo La Vecchia 2 , Caterina Conte 3,4 and Francesca Gori 5

1 Centro Obesità e Lavoro, Unità di Salute Occupazionale, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore
Policlinico, 20122 Milan, Italy; amtirel.st@gmail.com

2 Laboratorio di Statistica Medica, Dipartimento di Scienze Cliniche e di Comunità, Biometria ed
Epidemiologia “G.A. Maccacaro”, Università degli Studi di Milano, 20133 Milan, Italy;
michela.speciani@unimi.it (M.C.S.); francesca.bravi@unimi.it (F.B.); carlo.lavecchia@unimi.it (C.L.V.)

3 Dipartimento di Promozione delle Scienze Umane e della Qualità della Vita, Università Telematica San
Raffaele Roma, 00166 Rome, Italy; caterina.conte@uniroma5.it

4 Dipartimento di Endocrinologia, Nutrizione e Malattie Metaboliche, IRCCS MultiMedica, Sesto S. Giovanni,
20900 Milan, Italy

5 Dipartimento di Anestesia, Rianimazione ed Emergenza Urgenza, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, 20122 Milan, Italy; francesca.gori@policlinico.mi.it

* Correspondence: luisella.vigna@policlinico.mi.it
† These authors contributed equally to this work.

Abstract: Serum vitamin D (VitD) levels have been inversely related with metabolic syndrome (MetS),
although the direct impact of VitD is still debated. This study examined 879 subjects of working age
from an obesity and occupational clinic in Milan, Italy. Among these participants, 316 had MetS,
while 563 did not. A multiple logistic regression analysis was conducted to determine the odds
ratios (ORs) and the corresponding 95% confidence intervals (CIs) for MetS in relation to serum
VitD levels. After controlling for age, sex, leisure time physical activity, and body mass index (BMI),
individuals with VitD levels between 20 and 29.9 ng/dL, or at least 30 ng/dL, had approximately half
the risk of developing MetS (OR: 0.52, 95% CI: 0.32–0.86 and OR: 0.50, 95% CI: 0.25–0.99, respectively)
compared to those with VitD levels below 10 ng/dL. This study presents further evidence of the
beneficial effect of adequate VitD levels on the risk of MetS in a population of overweight/obese
workers, even after adjusting for BMI. This study supports the importance of testing for and—if
required—supplementing VitD in individuals with metabolic risk factors.

Keywords: vitamin D; metabolic syndrome; overweight; obesity; workers

1. Introduction

Although several factors influence serum vitamin D (VitD) levels (geographical lo-
cation [1], clothing habits [2], skin color [2], sunscreen use [2], and age [3,4]), sunlight
exposure and dietary intake are the major sources of VitD in humans. VitD is synthesized in
the skin, by the action of sunlight, starting from 7-dehydrocholesterol, of which cholesterol
is a precursor [5]. It is also available in the diet from animal (cholecalciferol) and plant
(ergocalciferol) foods. Regardless of the source, two hydroxylations are required, first in the
liver and second in the kidney, for VitD to take up the biologically active form, known as
1,25(OH)2 VitD or calcitriol [6]. Hereafter, we will refer to 1,25(OH)2 VitD simply as VitD.

Endogenous production can account for up to 90% of total VitD in healthy individuals,
and any activity that reduces exposure to sunlight adversely affects plasma VitD levels [7,8].
Consequently, factors and conditions that involve less exposure to sunlight, such as working
indoors or overnight, can have a negative impact on VitD status, while the ones involving
direct exposure to sunlight, such as daytime outdoor leisure time physical activity (LPA),
can exert a positive impact. A systematic review of the literature, examining VitD levels in

Nutrients 2023, 15, 4354. https://doi.org/10.3390/nu15204354 https://www.mdpi.com/journal/nutrients

https://doi.org/10.3390/nu15204354
https://doi.org/10.3390/nu15204354
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/0000-0001-5014-721X
https://orcid.org/0000-0002-7631-612X
https://orcid.org/0000-0003-0173-5319
https://orcid.org/0000-0003-1441-897X
https://orcid.org/0000-0001-7066-5292
https://orcid.org/0000-0001-8330-5077
https://doi.org/10.3390/nu15204354
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu15204354?type=check_update&version=2


Nutrients 2023, 15, 4354 2 of 11

different occupations, identified shift workers, healthcare workers, and indoor workers to
be at higher risk of developing VitD deficiency [9]. The workers less exposed to sunlight
may have VitD deficiency, and this could negatively affect health. In fact, an inadequate
VitD level has been linked to a number of diseases, such as metabolic disorders [7], including
metabolic syndrome (MetS) [10,11].

MetS is characterized by hypertension, central obesity, and dyslipidemia. It is also
known as insulin resistance syndrome because of the pivotal role that insulin resistance
plays in its pathophysiology together with chronic inflammation [12,13]. Given its high
prevalence and associated comorbidities and complications, MetS is considered a global
epidemic [14]. Modifiable risk factors for Mets include unhealthy diet [15] and physical
inactivity [16].

Studies conducted in Asia revealed associations between inadequate VitD levels and
MetS, elevated waist circumference, hypertriglyceridemia, and low-density lipoprotein
cholesterol [17,18]. Clinical investigations supported the link between VitD deficiency and
MetS. Patients with VitD deficiency in a cardiology unit exhibited higher levels of various
metabolic disease markers compared to those with adequate VitD levels [19]. Additionally,
higher plasma concentrations of VitD have been associated with a decrease in systolic and
diastolic blood pressure, potentially reducing the risk of hypertension [20]. Low levels of
VitD may also contribute to obesity, through the effects of calcitriol on calcium absorption,
lipolysis, and lipogenesis [21]. In previous studies, we investigated different aspects of
the MetS and its associations with gender, psychosocial risk factors, and occupational
determinants [22,23].

However, the relationship between VitD and MetS remains open to discussion [24]. The
lack of long-term follow-up studies limits the ability to establish a causal relationship, so that
the inverse relationship between body mass index (BMI) and VitD can be attributed to its
fat solubility and consequent lower availability in individuals with higher adiposity [11,24].
Previous genetic studies have also challenged the direction of this association with unclear
results [25,26].

The aim of this study is to further address the relationship between VitD and MetS,
with particular reference to an employed and working age population from a referral
clinic in Milan (Italy), taking into careful consideration the potential confounding role of
body fat.

2. Materials and Methods

This cross-sectional study included 879 consecutive participants of a nutritional ed-
ucation program organized by the Obesity and Work Center, Occupational Medicine
Department, Fondazione IRCCS Ca Granda, Ospedale Maggiore Policlinico, Italy, latitude
45.465454 N.

Participants were recruited during a periodic occupational examination program
performed throughout the year (from May 2013 to April 2015) in consideration of seasonal
variation in VitD status. Exclusion criteria were the presence of chronic diseases impairing
the physiological process of production and metabolism of VitD, such as renal failure or
hyperparathyroidism, and VitD or calcium supplementation. Upon entering the study,
each participant underwent a clinical consultation during which all routine measurements,
including anthropometrics, clinical anamnesis, and information on nutritional intakes and
LPA, were collected.

We recorded LPA as never, sometimes (less than 2 h/week), and often (2 or more
hours/week). BMI was obtained as the ratio between weight (kg) and squared height
(m2) and categorized according to World Health Organization’s standard classification:
participants were classified as affected by overweight when BMI was between 25.0 and
29.9 kg/m2, and by obesity when BMI was equal to 30 kg/m2 or greater. Obesity was
further classified into 3 groups according to its severity (class I obesity: BMI between 30.0
and 34.9 kg/m2; class II obesity: BMI between 35.0 and 39.9 kg/m2; class III obesity: BMI
greater or equal to 40.0 kg/m2). Blood pressure (both systolic and diastolic) and heart rate
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were also obtained. MetS was defined according to the 2005 U.S. National Cholesterol
Education Program–Adult Treatment Panel III criteria [27] and considered prevalent at
recruitment with the presence of at least 3 among: elevated waist circumference (greater
than 102 cm in men, 88 cm in women); elevated triglycerides (greater than 150 mg/dL or
therapy); reduced high-density lipoprotein (HDL) cholesterol (lower than 40 mg/dL in
men, 50 mg/dL in women or therapy); elevated blood pressure (greater than 130 mmHg
systolic blood pressure or 85 mmHg diastolic blood pressure or therapy); elevated fasting
glucose (greater than 100 mg/dL or therapy).

According to the European Association for the Study of Obesity’s recommendations,
an inclusive and respectful language was used, aiming to reduce any bias associated with
the term “obesity” and stop the stigma that may come from labeling patients by their
condition [28].

Routine biochemical parameters (e.g., glycemia, triglycerides, total and HDL cholesterol)
were obtained via colorimetric and enzymatic assays run on automated platform Modular D
(Roche, Basel, Switzerland) on the fasting serum sample. Plasma glycated hemoglobin was
obtained using high-performance liquid chromatography. VitD status was evaluated as its cir-
culating form 25(OH)D, using DiaSorin’s 25-OH VitD TOTAL competitive chemiluminescence
immunoassay on an automated LIASON instrument (Saluggia, Italy).

Subjects were classified as VitD severely deficient (<10 ng/mL), moderately deficient
(10–19 ng/mL), or insufficient (20–29 ng/mL), following the 2011 clinical practice guide-
lines by the Endocrine Society [8], with 30 ng/mL being considered as the minimum
sufficient level.

Unconditional multiple logistic regression models were fitted to compute the odds
ratios (OR) of MetS and the corresponding 95% confidence intervals (CIs), according
to serum VitD levels, with severe deficiency as the reference category. The model in-
cluded terms for sex (males, females), age (≤35, >36 and ≤45, >45 and ≤50, >50 and ≤55,
>55 years), BMI (<30, ≥30 and <35, ≥35 and <40, ≥40 kg/m2), and LPA (never, sometimes,
often) as adjustment variables. Because of the presence of only 15 normal weight (over 18.5
and below 25 kg/m2 of BMI) subjects, the normal weight and the overweight categories
were combined.

The complete model was also fitted across strata of sex (males or female), age
(<50 or ≥50 years old), and BMI (<35 or ≥35 kg/m2) after testing for heterogeneity
through a likelihood ratio test between models with and without the interaction term,
together with a crude model and a model including all terms of the complete one but BMI,
when appropriate.

Tests were considered statistically significant when the p-value was <0.05. Statistical
analyses were carried out using R [29], version 4.2.0.

Ethical approval for the project was granted by the Local Ethics Committee (study
registration number: 1370). All subjects signed an informed consent form to participate in
the study.

3. Results

There were 316 subjects with and 563 without MetS. Participants had a mean age of
45 years (range: 18–60; standard deviation: 10.5), a mean BMI of 32.5 kg/m2 (range: 22.5–59.1;
standard deviation: 5.4), a mean glycated hemoglobin of 37.7 mmol/mol (range: 23–57; standard
deviation: 5.1), and a mean fasting glucose of 93 mg/dL (range: 69–165; standard deviation:
12). Mean serum VitD was 16.6 ng/mL (range: 3.0–69.5; standard deviation: 8.7). The majority
(76%) of the subjects were women.

Table 1 gives the distribution of the study population according to selected variables,
overall and in subjects with or without MetS. Subjects with MetS were older, had higher
BMI, higher glycated hemoglobin, and lower VitD levels.
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Table 1. Distribution of the 879 subjects included in our study, overall and with/without metabolic
syndrome (MetS), according to selected variables including anthropometric/physical/biochemical
NCEP/ATP III metabolic syndrome diagnosis criteria.

Population Characteristics Overall Population
N (%)

Subjects without
MetS
N (%)

Subjects with
MetS
N (%)

Age *
<35 157 (17.9) 133 (23.6) 24 (7.6)
35–39 85 (9.7) 61 (10.8) 24 (7.6)
40–44 128 (14.6) 83 (14.7) 45 (14.2)
45–49 166 (18.9) 102 (18.1) 64 (20.3)
50–54 162 (18.4) 87 (15.5) 75 (23.7)
≥55 181 (20.6) 97 (17.2) 84 (26.6)

Sex *
males 212 (24.1) 96 (17.1) 116 (36.7)
females 667 (75.9) 467 (82.9) 200 (63.3)

Body mass index *
<30 kg/m2 256 (29.1) 219 (38.9) 37 (11.7)
≥30 and <35 kg/m2 333 (37.9) 212 (37.7) 121 (38.3)
≥35 and <40 kg/m2 180 (20.5) 81 (14.4) 99 (31.3)
≥40 kg/m2 110 (12.5) 51 (9.1) 59 (18.7)

Glycated hemoglobin *
≤38 mmol/mol 511 (58.1) 386 (68.6) 125 (39.6)
>38 and <48 mmol/mol 336 (38.2) 170 (30.2) 166 (52.5)
≥48 mmol/mol 32 (3.6) 7 (1.2) 25 (7.9)

Antidiabetic drugs *
no 795 (90.4) 537 (95.4) 258 (81.6)
yes 84 (9.6) 26 (4.6) 58 (18.4)

Leisure time physical
activity
never 592 (67.3) 373 (66.3) 219 (69.3)
sometimes 235 (26.7) 155 (27.5) 80 (25.3)
often 52 (5.9) 35 (6.2) 17 (5.4)

Serum 25-OH vitamin D
levels *
<10 ng/mL 157 (17.9) 79 (14.0) 78 (24.7)
≥10 and <20 ng/mL 418 (47.6) 258 (45.8) 160 (50.6)
≥20 and< 30 ng/mL 225 (25.6) 166 (29.5) 59 (18.7)
≥30 ng/mL 79 (9.0) 60 (10.7) 19 (6.0)

Metabolic Syndrome Biochemical/Physical/Anthropometric Diagnostic Criteria

Waist circumference *
normal 207 (23.5) 190 (33.7) 17 (5.4)
high 1 672 (76.5) 373 (66.3) 299 (94.6)

Triglycerides *
<150 mg/dL 688 (78.3) 508 (90.2) 180 (57.0)
≥150 mg/dL 191 (21.7) 55 (9.8) 136 (43.0)

HDL cholesterol *
low 2 184 (20.9) 55 (9.8) 129 (40.8)
normal 695 (79.1) 508 (90.2) 187 (59.2)

Systolic blood pressure *
<130 mmHg 567 (64.5) 421 (74.8) 146 (46.2)
≥130 mmHg 312 (35.5) 142 (25.2) 170 (53.8)

Diastolic blood pressure *
<85 mmHg 669 (76.1) 459 (81.5) 210 (66.5)
≥85 mmHg 210 (23.9) 104 (18.5) 106 (33.5)
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Table 1. Cont.

Population Characteristics Overall Population
N (%)

Subjects without
MetS
N (%)

Subjects with
MetS
N (%)

High blood pressure 3,*
no 515 (58.6) 388 (68.9) 127 (40.2)
yes 364 (41.4) 175 (31.1) 189 (59.8)

Fasting glucose *
<100 mg/dL 682 (77.6) 508 (90.2) 174 (55.1)
≥100 mg/dL 197 (22.4) 55 (9.8) 142 (44.9)

1 Defined as ≥102 cm in men or ≥88 cm in women. 2 Defined as <40 mg/dL in men or <50 mg/dL in women.
3 Defined as systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg. * Chi-square
for the distribution of subjects with/without metabolic syndrome according to the population characteristic,
p-value < 0.0001. Abbreviations: HDL, high-density lipoprotein; NCEP-ATP III, National Cholesterol Education
Program Adult Treatment Panel III.

Table 2 shows the multivariable ORs and the corresponding 95% CIs of MetS for each
level of serum VitD compared to the lowest one (<10 ng/dL). Compared to the severe
deficiency category, ORs of MetS were 0.52 (95% CI: 0.32–0.86) for the VitD insufficiency
category and 0.50 (95% CI: 0.25–0.99) for the sufficiency category. The inverse trend in risk
between serum VitD levels and MetS was significant (p-trend: 0.007).

Table 2. Odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) of metabolic
syndrome (MetS) according to serum vitamin D levels.

Overall Population
(N: 879)

Serum Vitamin D levels Subjects without MetS
N (%)

Subjects with MetS
N (%) OR (95% CI) a p-Trend

<10 ng/mL 79 (14.0) 78 (24.7) 1 (reference)
≥10 and <20 ng/mL 258 (45.8) 160 (50.6) 0.72 (0.48–1.09)
≥20 and <30 ng/mL 166 (29.5) 59 (18.7) 0.52 (0.32–0.86)
≥30 ng/mL 60 (10.7) 19 (6.8) 0.50 (0.25–0.99) 0.007

a Estimated from multiple unconditional logistic regression models including terms for sex (males, females),
categories of age (≤35, >36 and ≤45, >45 and ≤50, >50 and ≤55, >55), categories of body mass index (<30, ≥30
and <35, ≥35 and <40, ≥40 kg/m2), and leisure time physical activity levels (never, sometimes, often). Results
reported in bold when p-value < 0.05.

Table 3 shows stratified analyses according to three different models. Tests for hetero-
geneity among strata of sex, age, and BMI were non-significant in the complete models. Still,
the inverse relation with serum VitD levels was apparently stronger in males, in subjects
under 50, and in subjects with a BMI below 35 kg/m2 when the complete models were
fitted. This is especially true across strata of age, where a favorable effect of higher levels
of serum VitD was present in subjects below 50 years of age but not evident in subjects
aged 50 or more. The confounding role of BMI on the relation between VitD and MetS
was particularly noticeable among females: OR of MetS was 0.40 (95% CI: 0.19–0.85) for
VitD ≥ 30 ng/mL compared to VitD below 10 ng/mL when BMI was not included in
the model, and 0.69 (95% CI: 0.32–1.52) when the complete model (including BMI as an
adjustment variable) was fitted.



Nutrients 2023, 15, 4354 6 of 11

Table 3. Odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) of metabolic
syndrome (MetS) according to levels of serum vitamin D (VitD) across selected strata.

Subjects
with-

out/with
MetS
N/N

OR
(95% CI) a

OR
(95% CI) b

OR
(95% CI) c

Subjects
with-

out/with
MetS
N/N

OR
(95% CI) a

OR
(95% CI) b

OR
(95% CI) c

STRATA SEX

VitD
(ng/mL) Males Females

<10 13/31 1 (reference) 1 (reference) 1 (reference) 66/47 1 (reference) 1 (reference) 1 (reference)

≥10 and <20 45/51 0.48
(0.22–1.02)

0.37
(0.16–0.87)

0.38
(0.15–0.93) 213/109 0.71

(0.49–1.03)
0.72

(0.46–1.14)
0.88

(0.54–1.42)

≥20 and <30 26/28 0.45
(0.20–1.05)

0.33
(0.13–0.83)

0.43
(0.16–1.17) 140/31 0.31

(0.18–0.53)
0.33

(0.19–0.58)
0.53

(0.29–0.95)

≥30 12/6 0.21
(0.06–0.68)

0.15
(0.04–0.55)

0.18
(0.04–0.72) 48/13 0.38

(0.19–0.78)
0.40

(0.19–0.85)
0.69

(0.32–1.52)

p-trend 0.011 0.004 0.031 <0.001 <0.001 0.060

p-hetero 0.220 <0.001 0.180

STRATA AGE

VitD
(ng/mL) <50 ≥50

<10 49/43 1 (reference) 1 (reference) 1 (reference) 30/35 1 (reference) 1 (reference) 1 (reference)

≥10 and <20 171/80 0.53
(0.33–0.87)

0.55
(0.33–0.92)

0.61
(0.36–1.03) 87/80 0.79

(0.44–1.40)
0.81

(0.45–1.46)
1.02

(0.54–1.92)

≥20 and <30 116/27 0.27
(0.15–0.48)

0.27
(0.15–0.50)

0.35
(0.18–0.65) 50/32 0.55

(0.28–1.06)
0.53

(0.27–1.04)
1.00

(0.46–2.16)

≥30 43/7 0.19
(0.08–0.46)

0.21
(0.08–0.51)

0.26
(0.10–0.68) 17/12 0.61

(0.25–1.47)
0.56

(0.23–1.40)
1.26

(0.45–3.54)

p-trend <0.001 <0.001 <0.001 0.080 0.055 0.761

p-hetero 0.206 0.324 0.165

STRATA BMI

VitD
(ng/mL) <35 kg/m2 ≥35 kg/m2

<10 48/34 1 (reference) - 1 (reference) 31/44 1 (reference) - 1 (reference)

≥10 and <20 189/73 0.55
(0.33–0.91) - 0.51

(0.29–0.88) 69/87 0.89
(0.51–1.55) - 0.90

(0.49–1.65)

≥20 and <30 144/36 0.35
(0.20–0.62) - 0.34

(0.18–0.62) 22/23 0.74
(0.35–1.55) - 0.85

(0.37–1.94)

≥30 50/15 0.42
(0.21–0.87) - 0.40

(0.18–0.86) 10/4 0.28
(0.08–0.98) - 0.29

(0.07–1.19)

p-trend 0.002 - 0.002 0.073 - 0.186

p-hetero 0.247 - 0.230

a Estimated from simple unconditional logistic regression models. b Estimated from multiple unconditional
logistic regression models including terms for sex (males, females), categories of age (≤35, >36 and ≤45, >45 and
≤50, >50 and ≤55, >55), and leisure time physical activity levels (never, sometimes, often) when appropriate.
c Estimated from the previous model with the further addition of categories of body mass index (<30, ≥30 and
<35, ≥35 and <40, ≥40 kg/m2) when appropriate. Results reported in bold when p-value < 0.05. Abbreviations:
BMI, body mass index.

4. Discussion

Given the involvement of VitD in several aspects of human health [30], numerous
authors addressed the possible relationship between VitD and MetS [10]. We considered a
worker population affected by overweight or obesity as some specific occupations were
reported to have a higher risk of developing MetS [31]. Our results indicate that subjects
with VitD levels above 20 ng/dL had about half the risk of MetS compared to those with a
severe deficiency (<10 ng/dL).

Several studies have shown that populations worldwide, including those located in
sunny areas, are at risk of developing VitD deficiency [32,33]. In fact, a high prevalence
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of VitD deficiency among a Southern Italian population was also found despite the low
latitude [34]. Moreover, some vulnerable demographic groups of the population, including
workers employed in specific occupations, often receive only minimal exposure to sunlight,
and, therefore, their risk of developing VitD deficiency increases [35–38].

A study similar to ours was conducted with the aim of quantifying the association
between serum VitD levels, the number of MetS components, and insulin resistance in the
Canadian population as they are very common conditions in North America [39].

Several studies have reported similar findings, showing an inverse relationship be-
tween serum VitD and different human diseases, including those related to insulin resis-
tance, such as diabetes, obesity, and cardiovascular disease [35,40,41]. Although this could
be due to the presence of its receptors in many cells, including immune and parathyroid
cells, pancreatic β cells, and endothelium, the specific mechanisms underlying this inverse
relationship remain to be understood. The negative relation between BMI and blood con-
centration of VitD [42] could be explained by the reduced bioavailability of VitD itself,
which accumulates in adipose tissue, and by the lower exposure to sunlight, due to the
sedentary lifestyle of subjects suffering from obesity [43]. Furthermore, a central role of
VitD in the regulation of parathyroid hormone (PTH) levels has been proposed, and a
state of hypovitaminosis D could cause an increase in its levels which, in turn, would lead
to an accumulation of calcium ions in adipocytes, stimulating lipogenesis with an avoid-
able growth of body mass [44]. Recently, in a study of over 42,000 subjects, obesity was
identified as a causal risk factor influencing approximately one third of recorded cases of
VitD deficiency. Therefore, obesity itself could be the cause of the increasingly widespread
hypovitamonosis D in the population [8].

There are extensive studies indicating hypovitaminosis D as a risk factor for type 2
diabetes [45–51] and that supplementation can be a useful intervention [52,53]. Results
from short-term studies suggest that the presence of VitD receptors on pancreatic β-cells,
adipocite, and musculoskeletal cells could lead to low VitD levels to impair the conversion
of pro-insulin to insulin by the β-cells [4,54,55]. This could be an explanation for the role
that VitD plays in insulin secretion and sensitivity, which are critical in the development
of MetS [11]. VitD regulates blood pressure by acting both on smooth muscle and en-
dothelial cells. Several cardiovascular risk factors and an increased risk of incidence and
mortality from cardiovascular diseases have been associated with hypovitaminosis D due
to the abnormal production of oxide nitric, activation of the renin–angiotensin–aldosterone
pathways, or through alteration of oxidative balance or anti-inflammatory systems [56]. A
systematic review and meta-analysis demonstrated that VitD can inhibit the expression
of serum C-reactive protein, tumor necrosis factor-α, and the production of oxidative
stress markers, such as malondialdehyde [57]. Although it was concluded that VitD can
be considered a valid instrument for alleviating inflammation and oxidative stress, the
meta-analysis also highlighted that it has no effect on specific markers, such as interleukin-
6, glutathione, or molecules that constitute the total antioxidant capacity [57]. All these
mentioned functions of VitD have an impact on human metabolic health and are part of
the pathophysiology of MetS [13,58].

Only 9% of our sample reached adequate levels of serum VitD. Given its exposure to
the Mediterranean diet, the Italian population is commonly considered to be able to meet a
sufficient daily intake of VitD. In our population of indoor workers exhibited widespread
suboptimal and deficient VitD levels instead. In these subjects, average daily intake of VitD
is inadequate for maintaining sufficient serum levels, and probably not meeting the optimal
5–15 mcg suggested as dietary reference intakes [59]. Indeed, as previously shown [40],
even during the period with the highest VitD levels (autumn), values still remained below
the optimal range compared to the reference guidelines [60,61], in agreement with previous
data on Northern populations [62] and the ranges for the appropriate cut-off for VitD
optimal concentrations [63–65]. Seventy percent of our population was also affected by
obesity of varying degrees. With regard to obesity, as mentioned above, hypovitaminosis
D in affected subjects could at least be partially explained by VitD storage in adipose
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tissue [43], and low VitD leads to both elevated PTH and increased calcium in adipocytes
with influence on lipogenesis and adiposity [66].

We could not exclude reverse causation, since overweight and obesity may have an
impact on both VitD levels and MetS risk. However, we carefully adjusted for BMI, hence
our findings could not be attributed to reverse causation only. Although a relationship
between VitD and components of MetS has been widely discussed VitD deficiency may be
secondary to the metabolic changes in MetS subjects [67].

In addition, we could not consider VitD supplementation. However, given the atten-
tion that VitD is receiving in metabolic health, we have no reason to suppose that patients
with MetS should receive less VitD supplementation compared to the ones without MetS
diagnosis. We also were unable to consider serum VitD seasonality, with patients tested
in summer to early autumn possibly having higher levels of VitD due to sun exposure.
However, the enrolling and testing of our study population were spread throughout the
whole year, thus reducing this bias.

The strengths of our research are the large sample size, together with the characteristics
of our study population. Particularly, we were able to assess the potential role of VitD in a
population with high BMI and different levels of obesity. Moreover, our data derive from
a standardized and specialized clinical practice. Another strength is that we were able to
consider LPA, a potential confounder for its effect on both metabolic health and VitD levels,
when outdoor LPA is practiced.

5. Conclusions

The present study demonstrates an association between serum VitD level and MetS
in an Italian working population affected by overweight or obesity, and that the risk of
MetS increases with decreasing serum VitD concentration, even when LPA and BMI were
taken into account. Although prospective studies are still useful to assess and quantify the
direct impact of VitD on MetS over time, our results advise towards serum VitD testing
and consequent supplementation when needed in working age overweight populations.
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