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Purpose: The aim was to evaluate 25(OH)D serum concentrations in metabolically healthy
obesity (MHO) and metabolically unhealthy obesity (MUHO) and its relation with biochem-
ical and clinical parameters in both groups according to homeostatic model assessment-
insulin resistance (HOMA-IR) definition of the obesity phenotypes.

Patients and Methods: Descriptive cross-sectional study was conducted with individuals
of both genders. Anthropometric data [waist circumference, body mass index (BMI)] and
metabolic parameters: blood glucose, glycated hemoglobin, insulin, lipid profile, calcium,
phosphorus, parathyroid hormone (PTH) and high-sensitivity c-reactive protein (hs-CRP)
and (25(OH)D) were obtained. The cutoff points for vitamin D deficiency and insufficiency
were <20 and 21-29 ng/mL, respectively. Individuals were classified as MUHO according to
HOMA-IR>2.5.

Results: This study comprised 232 individuals with obesity (BMI>35 kg/m?; 42.6+4.7 kg/
m?). The MUHO phenotype was observed in 76.7% of the population. The mean values of
glucose (P<0.001), insulin (P<0.001), HOMA-IR (P<0.001), and triglycerides (P=0.049)
were significantly higher in the MUHO than in the MHO phenotype group. The mean value
of 25(OH)D showed a significant difference between the MHO and MUHO phenotype
groups (P=0.011). Additionally, and in line, lower mean 25(OH)D values were found in
the MUHO vs the MHO phenotype group in the deficiency (14.5+3.6 ng/mL/17.1£2.7 ng/
mL, P=0.004) and insufficiency (24.5£2.9 ng/mL/25.7+2.6 ng/mL, P=0.077) 25(OH)D
groups. An increase of 1 ng/mL of vitamin D increased in 1.051 (95% CI= 1.011-1.093,
P=0.012) the odds of the healthy phenotype.

Conclusion: The highest prevalence of inadequacy of serum concentrations of 25(OH)D
and greater severity of this deficiency in individuals with MUHO phenotype were observed.
Low serum concentrations of this vitamin were associated, mainly, with insulin resistance.
Monitoring the nutritional status of vitamin D in individuals with obesity that present with
MUHO phenotype may contribute to minimize the occurrence and aggravation of diseases
associated with obesity.
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Introduction

The prevalence of obesity has been increasing exponentially in recent years and it is
the fifth greatest risk factor for mortality' worldwide. It also presents as a risk factor
for complications such as type 2 diabetes mellitus (T2DM), dyslipidemia, hyperten-
sion, and cardiovascular diseases, besides metabolic syndrome.” In spite of the fact
that obesity is the major starting factor for metabolic complications, there is a group
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of individuals with obesity that appear to be more pro-
tected from metabolic disorders, and these are called the
metabolically healthy obesity (MHO) group. MHO is
defined as subjects with obesity that has insulin sensitivity
in the absence of diabetes, dyslipidemia, or hypertension.
The prevalence of MHO was found in 20-30% of indivi-
duals with obesity.’ Studies show that MHO may have
lower risk factors for cardiovascular events and mortality
compared to metabolically unhealthy obesity (MUHO)
subjects.*

Vitamin D (VD) is essential for the development and
maintenance of bone tissue, as well as for normal home-
ostasis of calcium and phosphorus.® Moreover, VD has
other major functional roles; according to the expression
of its receptor in various cell types it may be engaged in
multiple cellular processes, including the response to insu-
lin. It is an important nutrient with a crucial role in obesity
and in the comorbidities associated with the chronic
inflammation.” Several studies have shown the relation-
ship between obesity (body mass index [BMI]>30 kg/m?)
with low serum 25(OH)D.* 2

Some cross-sectional studies have reported inverse
associations of higher serum 25(OH)D concentrations
with 13-16
A study that used only Homeostatic model assessment-
insulin resistance (HOMA-IR) to classify phenotype MHO
showed high prevalence of vitamin D deficiency (VDD) in

lower prevalence of metabolic syndrome.

individuals with obesity, correlating 25(OH)D levels with
the degree of adiposity, but not related to metabolic health
status.!” Usually, studies that relate VDD with phenotypes
of obesity use classification of National Cholesterol
Education Program’s/Adult Treatment Panel III (NCEP/
ATP III) and HOMA-IR.

The aim was to evaluate 25(OH)D serum concentra-
tions, consequently, VD status in MHO and MUHO and its
relationship with biochemical and clinical parameters in
both groups according to HOMA-IR definition of the
obesity phenotypes.

Patients and Methods
This study comprised 232 individuals with obesity (body
mass index (BMI)>35 kg/m?; 42.6+4.7kg/m?), recruited
within the patients of a medical clinic specialized in obe-
sity control, in the municipality of Rio de Janeiro, Brazil,
from November 2016 to July 2018.

All patients were informed that participation in the
study is voluntary and that refusal to participate as well

as stopping at any time without giving reasons and without
any consequences is possible.

Written informed consent was obtained before carrying
out any study-related procedures from all subjects who
participated in the study. This study was conducted in
accordance with the Declaration of Helsinki. Exclusion
criteria were as follows: pregnancy or lactation, history
and/or presence of chronic kidney (defined by estimated
GFR <60 mL/min/1.73m?) or liver diseases (except non-
alcoholic fatty liver disease), acute or chronic infections,
hyperparathyroidism or elevated serum calcium levels,
malabsorption bowel syndrome, previous restrictive and
disabsorptive surgeries, diagnosis of endocrinopathies
(hyperparathyroidism, hypothyroidism, hypercortisole-
mia), use of anticonvulsant medications or drugs known
to interfere with vitamin D metabolism, as well as current
insulin treatment and consumption or prescription of vita-
min D supplements within 6 months prior to blood work.
This
Committee of Hospital Universitario Clementino Fraga

study was approved by the Research Ethics
Filho, Federal University of Rio de Janeiro, Brazil
(Research Protocol number 011/06-CEP).

Sample Size
The sample size was determined to respond to the aim of the
study. The following parameters have been assumed: use of
bilateral tests, a level of significance of 5%, a statistical
power of 80%, and an expected correlation of -0.25.

A necessary sample size of 224 individuals was
obtained. The sample size value was inflated by 10% to
anticipate possible losses.

Evaluation of Anthropometric Parameters
BMI calculation (kg/m”) was conducted based on the
anthropometric measurements of weight (kg) and height
(m)."® The measurement of the diameter (cm) of the waist
circumference (WC) was performed with the volunteer
standing straight, the abdomen relaxed, the arms beside
the body, and the feet together. A non-extensible tape was
used to involve the subject in the greatest abdominal
diameter, being the diameter of the WC evaluated at the
completion of the individual normal expiration. The volun-
teers were wearing only underwear when these features
were assessed.

Evaluation of Systemic Blood Pressure
The blood pressure quantification by indirect measurement
method was carried out using a OMRON HEM-705CP
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monitor (OMRON Healthcare Europe B.V., Hoofddorp,
Netherlands), with a range of 0-300 mmHg and an accu-
racy of +£3 mmHg. At least two measurements were taken,
with an interval of about 1 minute, and the mean was
calculated.

Evaluation of Circulating Biochemical and

Metabolic Parameters

For biochemical and metabolic evaluation, blood was
obtained by venipuncture, after an overnight fasting period
for 12 hours. Laboratory tests were conducted in the serum
to characterize the lipid profile [total cholesterol, low-
density lipoprotein cholesterol (LDL-c), high-density lipo-
protein cholesterol (HDL-c), and triglycerides (TG)] and
to evaluate glucose, hemoglobin Alc (HbAlc), insulin,
calcium, phosphorus, parathyroid hormone (PTH) and
(hs-CRP)
Determinations of total cholesterol, HDL-c, triglycerides,

high-sensitivity c-reactive protein levels.
and glucose were performed using specific enzymatic col-
orimetric methods (Labtest Diagnostica S.A., Minas
Gerais, Brazil). LDL-c fraction was calculated in accor-
dance with the Friedewald’s formula.'"” HbAlc measure-
ments were performed using high-performance liquid
chromatography (HPLC)(HumaNexAlc system, Human,
Wiesbaden, Germany). Insulin was quantified using
reversed-phase HPLC (Labtest Diagnostica S.A., Minas
Gerais, Brazil). hs-CRP was analyzed using the Tina-
quant® C-reactive protein latex ultrasensitive assay
(Roche Diagnostics GmbH, Mannheim, Germany). PTH
measurements were performed by an electrochemilumi-
nescence immunoassay (ECLIA) using Modular E170
(Roche Diagnostics GmbH). Serum calcium and phos-
phorus concentrations were analyzed with a routine auto-
analyzer  (Roche Modular P 800,
Indianapolis, USA).

HOMA-IR was calculated as follows: fasting insulin
(uIU/mL) x fasting glucose (mg/dL)/405.%°

Diagnostics,

Vitamin D Status

Serum vitamin D analysis was conducted in the form of 25
(OH)D wusing HPLC with ultraviolet (UV) detector
(Chromsystems, BioSysLtda, Rio de Janeiro, Brazil). The
volunteers of this study were organized according to the 25
(OH)D cutoff points of the clinical practice guideline of

2l and included in the

the American Endocrine Society
deficiency (<20 ng/mL), insufficiency (21-29 ng/mL) or

sufficiency (>30—<100 ng/mL) groups.

To complete the evaluation of the nutritional status of
vitamin D, an investigation was conducted on the sun
exposure of the individuals, as described by Hanwell
et al.*?

Definitions of the Metabolically Healthy
and Unhealthy Obesity Phenotypes

Participants were divided in two obesity phenotype
groups, MHO and MUHO, according to HOMA-IR>2.5.°

Statistical Analysis

Statistical analysis was performed using the SPSS soft-
ware (SPSS version 17.0, Chicago, IL, USA). Categorical
variables were reported as count and percentage, while
numerical variables were described as meantstandard
deviation (SD). Proportion differences between the MHO
and MUHO phenotype groups were evaluated using the
chi-square test. Differences between the MHO and MUHO
phenotype groups in the continuous variables were
assessed using the two-independent sample #-test (Tables
1 and 2). Correlation analysis of 25(OH)D levels with the
other anthropometric, biochemical and metabolic para-
meters were estimated using the Pearson’s or Spearman
correlation (considering if the distribution of the variables
was symmetric or not, respectively) (Table 3).

A repeated-measures ANCOVA analysis was used to
evaluate the differences regarding biochemical and anthro-
pometric variables between the groups while adjusted for
WC (Table 4) and for lipid profile, glycemic indexes, and
hs-CRP (Table 5). Unconditional multiple logistic regres-
sion was used to estimate the adjusted odds ratio (OR)
between the 25(OH)D levels and the MHO phenotype
group as well as the respective 95% confidence interval.
P-values <0.05 were considered statistically significant (a
tendency was considered whenever 0.05<P< 0.8).

Results

General Characteristics

Table 1 shows the anthropometric, biochemical, and meta-
bolic parameters of our population analyzed according to the
definition taken into consideration for the classification of the
obesity phenotype. The MUHO phenotype was observed in
76.7% of the population. The sample was comprised of 178
females (76.7%), mean age 42.0+10.7 years (21<age>59
years), and 21.6% (n=50) had T2DM. There were no sig-
nificant differences for BMI and body weight mean values, as
well as for gender, between MHO and MUHO. However,
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Table | Anthropometric, Biochemical and Metabolic Parameters
of the MHO and MUHO Phenotype Groups According to the
HOMA-IR Obesity Phenotype Definition

HOMA-IR P
MHO MUHO

Number 54 178
Gender, n (%) Male 10 (18.5) 44 (24.7)
Female 44 (81.5) 134 (75.3) 0.345
Age (years) 42.5+9.9 41.8+10.9 0.662
BMI (kg/m?) 41.8+3.8 42.8+5.0 0.204
Weight (kg) 116.5%18.1 118.0£19.1 0.593
WC (cm) 116.4%13.1 120.6£13.3 0.041°
Cholesterol (mg/dL) 185.9+£34.5 203.7+56.0 0.029°
LDL-c (mg/dL) 112.74£28.2 123.03+£38.8 0.034%
HDL-c (mg/dL) 48.1%12.4 45.6x11.1 0.165
TG (mg/dL) 118.0£67.8 182.4+235.7 0.049°
Glucose (mg/dL) 89.3+8.4 105.24£29.8 <0.001°
HbAlc (%) 5.3x0.4 6.2+3.5 0.059
Insulin (ulU/mL) 8.0+2.2 21.6+10.3 <0.001°
HOMA-IR 1.7£0.5 5.7+3.8 <0.001°
Calcium (mg/dL) 4.0+1.3 3.8%1.8 0.389
Phosphorus (mg/dL) 3.410.6 3.60.6 0.074
PTH (pg/mL) 44.4+20.2 42.0+15.4 0.336
hs-CRP (mg/dL) 0.7+0.6 1.0£0.9 0.029°
SBP (mmHg) 138.2+£32.4 133.9+28.4 0.340
DBP (mmHg) 88.3+27.4 85.0+22.0 0.421
Hypertension, n (%)

Yes 21 (38.9) 94 (52.8)

No 33 (61.1) 84 (47.2) 0.073
T2DM, n (%)

Yes 4 (7.4) 46 (25.8)

No 50 (92.6) 132 (74.2) 0.004°

Notes: Values are presented as meantSD or as count (and percentage);
Differences between groups were assessed with two-independent sample t-test
or Chi-square test; *P<0.05; ®P<0.01.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; T2DM, type
2 diabetes mellitus; hs-CRP, high-sensitive c-reactive protein; LDL-c, low-density
lipoprotein cholesterol; HbAlc, glycated hemoglobin; HDL-c, high-density lipopro-
tein cholesterol; HOMA-IR, homoeostasis model assessment-insulin resistance;
MHO, metabolically healthy obesity; MUHO, metabolically unhealthy obesity;
PTH, parathyroid hormone; SBP, systolic blood pressure; TG, triglycerides; WC,
waist circumference.

WC diameter was significantly higher in the MUHO than in
the MHO phenotype group (P=0.041). The mean values of
glucose (P<0.001), insulin (P<0.001), HOMA-IR (P<0.001),
and triglycerides (P=0.049) were significantly higher in the
MUHO than in the MHO phenotype group. Glycated hemo-
globin means levels presented a tendency to be higher in the
MUHO than in the MHO phenotype group (P=0.059).
Significantly higher percentages of MHO without T2DM
were observed (92.6%, P=0.004). Total cholesterol mean

Table 2 Nutritional Status of Vitamin D [25(OH)D] and Time of
Sun Exposure (Minutes) of the MHO and MUHO Phenotype

Groups According to the HOMA-IR Obesity Phenotype

Definition
HOMA-IR 'p
MHO MUHO
(n=54) (n=178)
25(OH)D (ng/mL) 24.9+8.0 21.847.9 0.011?
Deficiency 17.1£2.7 14.5+3.6 0.004°
(=20 ng/mlL) 19 (35.2%) | 74 (41.6%)
Time of sun exposure (minutes) | 8.7+2.1 82134 0.514
Insufficiency 25.7+2.6 24.5+2.9 0.077
(21-29 ng/mL) 24 (44.4%) | 78 (43.8%)
Time of sun exposure (minutes) | 8.5+2.4 9.1%£3.6 0.433
Sufficiency 36.9+6.2 34.2+6.4 0.257
(230 ng/mL) I'1(20.4%) | 26 (14.6%)
Time of sun exposure (minutes) | 8.4+3.0 9.314.1 0.279
2p 0.525

Notes: Values are presented as meanzSD or as count (and percentage);
Differences between groups were assessed with 'two-independent sample t-test
(within each obesity phenotype definition) or 2Chi-squar'e test (within each obesity
phenotype definition considering the prevalence of the three vitamin D nutritional
status groups); *P<0.05; °P<0.01.

Abbreviations: HOMA-IR, homeostatic model assessment-insulin resistance;
MHO, metabolically healthy obesity; MUHO, metabolically unhealthy obesity.

results were higher in the MUHO than in the MHO pheno-
type group (P=0.029). In agreement, the same happened for
LDL-c and hs-CRP mean values (P=0.034 and 0.029, respec-
tively). Mean phosphorus value tended to be higher in
MUHO than in MHO phenotype group (P=0.074). The
results showed a tendency for higher percentage of MHO
without hypertension (61.1%, P=0.073).

Vitamin D Nutritional Status
Table 2 presents the 25(OH)D nutritional status of the MHO
and MUHO phenotype groups. The mean value of 25(OH)D
showed a significant difference between the MHO and
MUHO phenotype groups (P=0.011). Additionally, and in
line, lower mean 25(OH)D values were found in the
MUHO versus the MHO phenotype group in the deficiency
(P=0.004) and insufficiency (P=0.077) 25(OH)D groups. No
difference was found for prevalence of 25(OH)D deficiency
nor sun exposure time between MHO and MUHO (Table 2).
A significant negative correlation between vitamin
D nutritional status and BMI (=—0.131, P=0.047), insulin
(r=—0.176, P=0.007) and HOMA-IR (r=—0.182; P=0.005)
was found. Furthermore, systolic (r=—0.121, P=0.066) and
diastolic (r=—0.111, P=0.093) blood pressure showed
a tendency (Table 3).
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Table 3 Correlation Between Vitamin D [25(OH)D] and
Anthropometric, Biochemical and Metabolic Parameters

Parameters r P

Age (years) 0.015 0.823

BMI (kg/m?) —-0.131 0.047%
Weight (kg) —-0.070 0.290
WC (cm) -0.017 0.797
Cholesterol (mg/dL) —0.035 0.596
LDL-c (mg/dL) —0.034 0.607
HDL-c (mg/dL) —0.024 0.714
TG (mg/dL) —-0.102 0.120
Glucose (mg/dL) —0.048 0.468
*HbAlc (%) —0.068 0.306
*lnsulin (mcU/mL) —-0.176 0.007°
*HOMA-IR —-0.182 0.005°
Calcium (mg/dL) 0.049 0.459
*Phosphorus (mg/dL) —-0.073 0.271

*PTH (pg/mL) 0.075 0.257
hs-CRP (mg/dL) <0.001 0.997
SBP (mmHg) —-0.121 0.066
DBP (mmHg) —0.111 0.093

Notes: Pearson or *Spearman correlation; *P<0.05; ®P<0.01.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; hs-CRP,
high-sensitive c-reactive protein; LDL-c, low-density lipoprotein cholesterol;
HbAIc, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA-
IR, homeostatic model assessment-insulin resistance; PTH, parathyroid hormone;
SBP, systolic blood pressure; TG, triglycerides; WC, waist circumference.

We analyzed biochemical and anthropometric variables
between MHO and MUHO groups while adjusting for
WC, and significant differences were shown with BMI,
weight, glycemic parameters, and 25(OH)D (Table 4) and
while adjusting for lipid profile, glycemic indexes, and hs-
CRP, shown about WC and DBP (Table 5). We observed
an increase of 1 ng/mL of vitamin D increased in 1.051
(95% CI=1.011-1.093, P=0.012) the odds of the healthy

phenotype.

Discussion

The present study observed, in accordance with HOMA-IR
criteria adopted to classify obesity phenotype, the preva-
lence of MUHO was higher than MHO in our population.
Studies suggest that MUHO is characterized by a lower
inflammatory cytokine environment than MHO***° and
the
mechanisms,?® including preserved insulin sensitivity, spe-

last phenotype may be caused by several

cific fat distribution with low visceral and ectopic fat
accumulation compared with subcutaneous fat depots, nor-
mal adipose tissue function defined by lower adipocyte
size, less macrophage infiltration into adipose tissue,”’

26,

and normal adipokine secretion.”*?® However, more

studies are necessary to identify the mechanisms that pro-
mote a healthy metabolic profile in individuals with
obesity.

According to the nutritional status of vitamin D in
obesity phenotypes, a significant difference was detected
between both groups (MHO and MUHO), presenting high
prevalence of inadequacy and lowest mean in MUHO.
Additionally, our study demonstrated that an increase of
vitamin D serum concentrations increased the odds ratio
of occurrence of the MHO phenotype. These findings can
be answered by the fact that low concentrations of 25
(OH)D were associated with insulin resistance (IR). The
literature has shown that prediabetes is associated with
vitamin D insufficiency, and VDD has been found to be
more prevalent in diabetic patients compared to people
without diabetes. Thus, VD is proposed to prevent the
progression of glucose intolerance. The putative under-
lying mechanisms include maintaining intracellular cal-
cium concentration, direct stimulation of insulin receptor
expression, and increased insulin response to glucose
transporters.”’ VD may modulate insulin action and
enhance insulin responsiveness by direct stimulation of
insulin receptor gene.>® The influence of IR on nutritional
status of VD, causing potential mechanisms that link
VDD to increased diabetes risk, have yet to be established
but may involve increased inflammation owing to unre-
gulated increase in the activity of the nuclear factor-kappa
B (NFkB) signaling pathway.®' Inflammation promotes
this metabolic upset that is a pathological situation char-
acterized by a lack of physiological response of peripheral
tissues to insulin action, leading to the metabolic and
hemodynamic disturbances and is a characteristic feature
of T2DM and strongly associated with cardiovascular
diseases.*

Therefore, scientific evidence suggests that calcitriol
has a strong anti-inflammatory effect and consequently
Vitamin D3 (VD3)

improves insulin sensitivity, at least partially, attenuating

reduces systemic inflammation.*”

inflammatory effects.>® The insulin sensitivity effects of
VD3 depend on its potential anti-inflammatory via lipo-
genic SCAP4/SREBPS, seen in diabetic mice. It has also
been reported that VDR in conjunction with calcitriol is
able to attenuate the transcriptional activity of NF-xB
through the reduced degradation of IkBa in co-
transfected HEK-293 cells. Calcitriol is able to neutralize
the effects of FGF-23 in inducing TNF-o in RAW 264

cells.”
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Table 4 Biochemical and Clinical Parameters of the MHO and MUHO Phenotype Groups According to the HOMA-IR Obesity
Phenotype Definition Adjusted for WC

Variables HOMA-IR P
MHO MUHO
MeantSE 95% CI MeantSE 95% CI
Lower Upper Lower Upper

BMI (kg/m?) 41.8+0.5 40.9 428 42.8+0.3 422 434 0.001°
Weight (kg) 116.5+1.9 112.7 120.2 118.0£1.0 116.0 120.0 0.040%
LDL-c (mg/dL) 112.7+3.8 105.0 120.5 123.0+2.9 117.3 128.7 0.084
HDL-c (mg/dL) 48.1x1.7 44.7 51.5 45.6+0.8 44.0 472 0.182
TG (mg/dL) 118.09.1 99.7 136.3 182.417.7 147.4 217.3 0.151
Glucose (mg/dL) 89.3£1.1 86.9 91.6 105.2+2.2 100.8 109.6 0.002°
HbAIc (%) 5.3£0.5 52 54 6.2+0.2 5.7 6.7 0.040*
Insulin (uIU/mL) 8.0+0.3 74 8.6 21.6+0.7 20.1 23.1 0.003°
HOMA-IR 1.7+0.6 1.7 1.9 5.7#0.3 52 6.2 0.004°
25(OH)D (ng/mL) 24.9+1.1 228 27.1 21.8+0.6 20.6 229 0.020*
Calcium (mg/dL) 4.0£0.2 37 4.4 3.8+0.1 36 4.1 0.353
Phosphorus (mg/dL) 3.4+0.1 33 36 3.6+0.5 35 37 0.370
PTH (pg/mL) 444128 389 50.0 42.0%1.1 39.7 44.2 0.467
hs-CRP (mg/dL) 0.7+0.8 0.6 0.9 1.0£0.7 0.8 1.1 0.154
SBP (mmHg) 137.6+4.3 128.7 146.2 133.5+2.1 129.3 137.8 0.070
DBP (mmHg) 88.3£3.6 81.0 95.6 85.0+22.0 8l1.7 88.2 0.067

Notes: Values are presented as meanSE or as count (and percentage); Differences between groups were assessed with ANCOVA; *P<0.05; °P<0.01.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; T2DM, type 2 diabetes mellitus; hs-CRP, high-sensitive c-reactive protein; LDL-c, low-density
lipoprotein cholesterol; HbAlc, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA-IR, homoeostasis model assessment-insulin resistance; MHO,
metabolically healthy obesity; MUHO, metabolically unhealthy obesity; PTH, parathyroid hormone; SBP, systolic blood pressure; TG, triglycerides.

Table 5 Biochemical and Clinical Parameters of the MHO and MUHO Phenotype Groups According to the HOMA-IR Obesity
Phenotype Definition Adjusted for Lipid Profile, Glycemic Indexes, and Hs-CRP

Variables HOMA-IR P
MHO MUHO
MeanzSE 95% CI MeantSE 95% CI
BMI (kg/m?) 41.8+0.5 40.8 429 42.8+0.4 42.1 43.5 0.149
Weight (kg) 116.5+£2.3 111.9 121.0 118.0+1.4 115.3 120.8 0.058
WC (cm) 116.4+1.6 113.2 119.6 120.6+0.9 118.7 122.5 0.034*
25(OH)D (ng/mL) 24.9£1.1 227 27.2 21.7+0.6 20.6 22.9 0.653
Calcium (mg/dL) 4.0£0.1 3.7 4.4 3.8+0.1 3.6 4.1 0.254
Phosphorus (mg/dL) 3.5+0.1 3.3 3.6 3.6£0.4 3.5 3.7 0.097
PTH (pg/mL) 445+2.7 39.9 49.9 42.0%1.1 39.6 443 0.350
SBP (mmHg) 137.5£4.0 129.3 145.6 133.5+2.1 129.3 137.7 0.438
DBP (mmHg) 88.31+3.4 8l1.7 95.2 84.911.6 8l1.7 88.2 0.038*

Notes: Values are presented as meanSE or as count (and percentage); Differences between groups were assessed with ANCOVA; *P<0.05.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; T2DM, type 2 diabetes mellitus; MHO, metabolically healthy obesity; MUHO, metabolically unhealthy
obesity; PTH, parathyroid hormone; SBP, systolic blood pressure; WC, waist circumference.

We observed that the variables such as glucose, insulin, syndrome (MS), subclinical inflammation.>> VD seems to
HOMA-IR, and TG presented significant differences play an important role in the maintenance of pancreatic p-
between two obesity phenotypes. There is evidence to  cell function and the correction of VDD improves insulin
suggest that VD negatively correlated with IR, insulin  secretion and prevents the development of abnormalities in
secretion, the number of components of the metabolic  glucose homeostasis.*® Moreover, this vitamin may
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modulate IR pathways associated with T2DM related obe-
sity in many ways: 1) active vitamin D (1,25(0OH)2D3)
increases peroxisome proliferator-activated receptor delta
(PPAR-0) gene expression, which PPAR-$ is often co-
expressed with vitamin D receptor (VDR) and has been
shown to favorably affect fatty cell accumulation and fatty
acid oxidation; and 2) the relationship between VDD and
IR could develop through inflammation, since VDD is
associated with increased inflammatory markers.*’

Yet, Ministrini et al*® showed in subjects with obesity
class III that 25(OH)D levels were higher in MHO than in
insulin resistant individuals with obesity. In contrast,

a study developed by Boonchaya-anant et al'’

presented
high prevalence of inadequacy but was not different
between the two groups and 25(OH)D levels were not
related to metabolic health status but correlated with
degree of adiposity. Other research developed in France®
reinforced the absence of link between vitamin D status
and IR in moderate obesity. This divergence could be
explained by the difference between population studied,
Al Masri et al’s® study worked with subjects with class
I obesity and our study the prevalence was class III
obesity.

Correlation between BMI and serum concentrations of
VD was confirmed in the present study. With the pheno-
type MUHO, there is increased prevalence of some meta-
bolic disorders.

Epidemiological studies have suggested that VDD is

S, %941 and others

associated with the development of the M
studies have shown increased prevalence of metabolic
disorders and BMI.'"*** Additionally, the visceral body
fat had the highest correlative association with increasing
the features. Research has shown that more important than
the total amount of body fat is your distribution, being that
this fat in the abdominal area is a predictive factor for
worsening VDD.*** This process may be attached to
storage of VD in the adipocytes, reducing its bioavailabil-
ity and causing a cascade of reactions by the hypothalamus
which results in increased feelings of hunger and
decreased energy expenditure.* Lower 25(OH)D is asso-
ciated with greater regional adiposity and this is stronger
in visceral adipose tissue (VAT) than subcutaneous adipose
tissue (SAT) and significant across the spectrum of body
size.*® Otherwise, a study published by Cordeiro et al'* in
2017 informed that VD status, although quite often inver-
sely related with obesity, does not seem to be particularly
associated with measures of visceral and/or subcutaneous
fat depots. The same occurs for the putative negative

relationships of VD status with markers of glucose-
insulin homeostasis impairment; however, more studies
are needed to clarify the relevance of VAT and SAT in
VD
environment.

status and metabolic dysfunction in obese

Our study also presented high levels of LDL-c in
MUHO subjects and research showed that, with increased
adiposity, there is enhanced risk for developing IR leading
to T2DM and cardiovascular disease, with an increased
TG and LDL-c and a decreased HDL-c in the blood.*” As
adiposity increases, the adipocytes produce and secrete
which

enhance the inflamed state of the tissues. Dyslipidemia

proinflammatory cytokines and chemokines
from increased adiposity also contributes to an elevation
of LDL-c in the blood, leading to the formation of foam
cells, plaque, and hypertension.*® Despite the relationship
between VDD and impaired glucose tolerance not being
completely understood, some randomized clinical trials
show small effects of vitamin D3 on insulin secretion,
IR, and HbAlc, and the effects are mainly visible in
subjects with VDD and impaired glucose tolerance at
baseline.*’ But it is known that VDD causes secondary
hyperparathyroidism, and the high PTH concentration may
cause glucose intolerance.’® Finally, all these biological
processes may be associated with a low serum concentra-
tion of vitamin D.

One limitation should be considered in the present
study, because of its cross-sectional design, it was impos-
sible to determine a causal relationship between VDD and
metabolic disorders present in phenotypes of obesity. The
strength of the study is from having a good sample size
when compared with other studies, which allowed us to
demonstrate relevant findings, as well as the unpublished
result that an increase in serum concentrations of vitamin
D increased the probability of existence of MHO
phenotype.

Conclusion
The results showed the highest prevalence of inadequacy
of serum concentrations of 25(OH)D and greater severity
of this deficiency in individuals with MUHO phenotype.
Low serum concentrations of this vitamin were associated
with metabolic disorders, mainly IR, and demonstrated
that a serum increase of 1 ng/mL of vitamin D increased
by 1.051 the probability of occurrence of the metabolically
healthy phenotype.

Monitoring the nutritional status of VD in individuals
with obesity that present this type of phenotype may
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contribute to minimize the occurrence and development of
diseases associated with obesity.

A key issue that still needs to be elucidated is how the
inflammation and IR associated with obesity may be,
partially, mediated by the reduction of circulating VD.
Further investigations are needed in order to provide
more information about new mechanisms in the physio-
pathology of MUHO phenotype when it is associated
with VDD.
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