Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dove

ORIGINAL RESEARCH

Clinic, Anthropometric And Metabolic Changes In
Adults With Class lll Obesity Classified As

Metabolically Healthy And Metabolically Unhealthy

Ligiane M Loureiro®'™?

Adryana Cordeiro
Rodrigo Mendes
Mariana Luna(®?
Silvia Pereira®**®
Carlos ] Saboya
Andrea Ramalho

3,4
5

3,6
3,7

'Postgraduate Program, Doctorate in
Nutritional Sciences, Federal University
of Rio de Janeiro (UFRJ), Rio de Janeiro,
Brazil; 2Health Sciences Institute, Faculty
of Nutrition, Federal University of Para
(UFPA), Belém, Brazil; 3Center for
Research on Micronutrients (NPqM),
Institute of Nutrition Josué de Castro of
UFR|, Rio de Janeiro, Brazil; “Biomedicine
Department, Biochemistry Unit, Faculty
of Medicine, University of Porto, Porto,
Portugal; >Pontifical Catholic University
of Rio de Janeiro, Rio de Janeiro, Brazil;
®Multidisciplinary Center for Bariatric
and Metabolic Surgery, Rio de Janeiro,
Brazil; "Department of Social and Applied
Nutrition of the Institute of Nutrition,
UFRJ, Rio de Janeiro, Brazil

Correspondence: Adryana Cordeiro
University of Porto, Alameda Prof.
Hernani Monteiro, Porto 4200-319,
Portugal

Tel +55-091-98171-5886

Fax +351 22 551 3600

Email cordeiroadryana@gmail.com

Ligiane M Loureiro

Federal University of Rio de Janeiro, Av.
Carlos Chagas Filho, 373, Cidade
Universitaria, Rio de Janeiro, R}, Brazil
Tel +55-091-98171-5886

Email liginutri@gmail.com

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Purpose: To describe clinical, biochemical and anthropometric profiles in adults with class
IIT obesity classified as metabolically healthy obesity (MHO) and metabolically unhealthy
obesity (MUHO).

Patients and methods: This is a cross-sectional study with patients classified as MHO and
MUHO according to the NCEP-ATP III. Anthropometric, biochemical and clinical variables
were analyzed.

Results: A total of 223 subjects were evaluated and 32.73% were classified as MHO and
67.26% as MUHO, respectively. The insulin resistance homeostasis model (HOMA-IR)
showed elevation in the MUHO group (p=0.003) and anthropometric variables were corre-
lated with bone markers [body index mass (BMI) vs phosphorus: »=0.31, p<0.001; BMI vs
25(0OH)D: r=-0.31, p=0.041]. Visceral adiposity index was lower in MHO (p=0.001).
Negative correlations between inflammatory markers and bone markers were observed in
the MHO group (calcium vs C-reactive protein: —0.30, p=0.017; parathyroid hormone vs
HOMA-IR: r=—0.28, p=0.017.

Conclusion: MHO individuals showed important metabolic changes, such as those
observed in MUHO, despite lower prevalence and severity. Continuous monitoring of
these individuals is suggested, given the transient nature of the MHO phenotype.
Keywords: obese, phenotype, bone markers, inflammatory markers

Introduction

The prevalence of overweight and obesity continues to exponentially increase
worldwide' and class III obesity has become the most prominent metabolic disorder
over the last years.”? It is well established that excess body fat increases the risk of
metabolic disorders (abdominal adiposity, dyslipidemia, hyperglycemia, systemic
hypertension, insulin resistance) and increased inflammatory state® and the risk of
cardiometabolic disorders,* in addition to other comorbidities, such as those related
to impairment of hepatic® and bone® metabolism, common among individuals with
severe obesity.” ' Many metabolic disorders observed in class III obesity are

12,13

favored by the inflammatory profile of obesity'' and by nutritional deficits, in

1421 44 which these indi-

addition to hormonal, metabolic and enzymatic changes
viduals are exposed. However, risks related to obesity may vary depending on
whether the individual presents a metabolically healthy obesity (MHO) or a meta-
bolically unhealthy obesity (MUHO).?* The existence of the MHO phenotype has

become increasingly recognized, and its prevalence varies significantly in the
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literature, from 10 to 40% in the adult population,®
although some studies are still contradictory about this
topic.”* Since MHO is considered the paradox of obesity,
it has been massively investigated in relation with several

25727 and risk

chronic non-communicable diseases (NCDs)
of death®®*® a few years ago. Although having excess
body fat, MHO individuals show a metabolic profile less
compromised than MUHO individuals.*’

However, many other questions remain unclear about
the definitions, determinants and stability of this pheno-
type which may be of a transient nature.*® The lack of
harmonization in the criteria for defining MHO plays an
important role in the discrepancies observed among the
available studies.>’ Nonetheless, the healthy condition of
the MHO phenotype has been widely debated, and studies
have reported controversial and conflicting results.?
Moreover, it is unclear whether the ‘“metabolically
healthy” obese phenotype has a low risk for alteration of
some metabolic markers, mainly related to inflammation,
bone and hepatic metabolism. Our study is the first to
investigate a set of clinical and biochemical variables
and correlate them with obesity phenotypes in individuals
with severe obesity. There is a shortage of studies, as far as
we know, to evaluate this type of association.

Considering that studies on the characterization of the
clinical, biochemical and anthropometric profiles of class
IIT obesity individuals which include the MHO phenotype
are insufficient, and that most of the available studies only
investigated other obesity classes,'®**>* further research
is needed to investigate the different profiles of obesity
phenotypes, especially in its more severe stages.
Therefore, the aim of this study was to describe the dif-
ference between clinical, anthropometric and biochemical
profiles in adults with class III obesity classified by both
phenotypes, in order to identify possible differences that
may support more assertive intervention strategies for
those individuals in clinical practice, aiming to minimize
the worsening of metabolic changes, given the transitional

nature of the MHO phenotype.

Materials And Methods
Study Design And Population

This is a descriptive, cross-sectional study with a convenience
sample including adults with class III obesity,”” attended at the
Multidisciplinary Center for Bariatric and Metabolic Surgery
(MCBMS) in Rio de Janeiro — RJ, Brazil. Data collection
occurred from November 2014 to July 2016.

Adults of both genders were included, mean age >20
and <60 years and body mass index (BMI) >40 kg/m>
(diagnosed with class III obesity). Exclusion criteria were
as follows: pregnancy or lactation, history and/or presence
of chronic kidney diseases (defined by estimated glomerular
filtration rate (GFR) <60 mL/min/1.73m?),*® liver diseases
(except non-alcoholic fatty liver disease (NAFLD)), acute
or chronic infections, elevated serum calcium levels, irrita-
ble bowel syndrome, previous restrictive and disabsorptive
surgeries, neoplasias, diagnosis of endocrinopathies (hyper-
parathyroidism, hypothyroidism, hypercortisolemia), alco-
hol intake exceeding 20g/day for women and 40g/day for
men, use of multivitamin and mineral supplements. This
study was approved by the Research Ethics Committee of
Hospital Universitario Clementino Fraga Filho (HUCFF) of
the Universidade Federal do Rio de Janeiro (UFRJ) (Federal
University of Rio de Janeiro) under Scientific Advice in
accordance with Resolution n° 196 of the National Health
Council (Research Protocol number 011/06-CEP) and the
Declaration of Helsinki. Inclusion of patients in the project
was carried out through their formal authorization with the
signing of the Informed Consent Form in two copies that
were printed and delivered to each patient on the day of
data collection.

Definition Of The Obesity Phenotypes:
MHO And MUHO

For classification of the obesity phenotypes, the criterion
used was proposed by the Third Report of the National
Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (NCEP-ATP 1I).*” The subjects who had changes in
>3 of the following 5 criteria were considered metabolically
unhealthy obese (MUHO): 1) waist circumference (WC)
>102cm for men and >88cm for women; 2) fasting glucose
>100 mg/dL; 3) fasting triglycerides >150 mg/dL; 4) high
density lipoprotein (HDL) <40mg/dL for men and <50mg/dL
for women; and 5) blood pressure >130/>85 mmHg. The
metabolically healthy obese (MHO) phenotype was defined
as obesity without metabolic syndrome (ie BMI >40 kg/m?
and presence of 2 components of metabolic syndrome).

Assessment Of Body Variables And
Physical Activity

Height (using a Sany stadiometer) and weight (using a
Welmy electronic platform scale with maximum weighing
capacity of 300 kg) were measured with the participants
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standing without shoes and heavy outer garments. BMI was
calculated as weight divided by height squared (kg/mz),
according to the World Health Organization (WHO).*
Waist circumference (WC) was measured based on
Lohman et al*® with cutoff points according to the
NCEP-ATP II1.*7 The measurement of the diameter (cm)
of the waist circumference (WC) was performed with the
patient standing straight, abdomen relaxed, arms beside the
body and feet together without heavy outer garments and
with emptied pockets, breathing out gently. To complement
the nutritional diagnosis of individuals with obesity, one
body indicator was selected, the visceral adiposity index
(VAI), which is an empirical mathematical model, gender-
specific, based on simple anthropometric data (BMI and
WC) and biochemical parameters (TG, LDL-c and HDL-
¢), indicative of fat distribution and function, and was
calculated according to Amato.** All measurements were
performed in duplicate by a single trained observer and
variations up to 0.5 cm were accepted and mean was
calculated. Physical activity was evaluated through the
International Physical Activity Questionnaire (IPAQ) in its
short version.*’

Clinical Assessments

The clinical variables considered by the study were those
determined from the frequencies of non-alcoholic fatty
liver disease (NAFLD) and systemic hypertension (SH).
Data on NAFLD and SH were obtained through the med-
ical records of the patients. The diagnosis of NAFLD was
determined by a complete abdominal ultrasound (CAU),
conducted by a single physician with expertise on imaging
diagnosis, following the methodology proposed by Pratt &
Kaplan*' using a unit C display, Philips® 2-5 MHz
Convex transducer (Barueri, Sdo Paulo, Brazil). SH was
diagnosed by a professional expert, following the metho-
dology proposed by the VII Brazilian Guidelines of
Systemic Hypertension (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA — SBC, 2016).*?

Evaluation Of Circulating Biochemical

And Metabolic Parameters

For biochemical and metabolic evaluation, a total of 5 mL
blood sample was obtained via venipuncture after 12 hrs
of fasting for biochemical evaluations to determine glu-
cose and basal insulin, lipid profile and inflammatory
profile. The overall analyses were performed in laboratory
with certifications, in partnership with the Center for

Research in Micronutrients of the Institute of Nutrition
of the UFRJ and the MCBMS.

Laboratory tests were conducted in the serum to char-
acterize lipid profile (total cholesterol, low-density lipo-
(LDL-c), high-density
cholesterol (HDL-c) and triglycerides), to evaluate glu-

protein cholesterol lipoprotein
cose, insulin, high sensitivity and the inflammatory profile
of the sample.

The serum concentrations of total cholesterol and tri-
glycerides were analyzed by the enzymatic colorimetric
method (Labtest Diagnostica S.A., Minas Gerais, Brazil),
and the Low-Density Lipoprotein Cholesterol (LDL-c) and
High-Density Lipoprotein Cholesterol (HDL-c) fractions
were obtained by the selective inhibition method. LDL-c
with  the
Friedewald’s formula.** Blood glucose was obtained by

fraction was calculated in accordance
the enzymatic colorimetric method (Labtest Diagndstica S.
A., Minas Gerais, Brazil). Basal insulin was quantified by
reversed-phase high-performance liquid chromatography
(RP-HPLC) and the cutoff point adopted was 24.9 IU/
mL. The cutoff points for total cholesterol and fractions,
triglycerides and fasting glucose were those established by
the NCEP-ATP III criteria.’’

The evaluation of the inflammatory markers of the
subjects included: insulin resistance (IR), serum c-reactive
protein (CRP) and leptin levels. Insulin resistance was
estimated by the formula of the homeostasis model assess-
ment of insulin resistance (HOMA-IR) as follows: fasting
insulin (uIU/mL) vs fasting glucose (mg/dL)/405,* with
>2.5 cutoff point.*’

High-sensitivity C-reactive protein (hs-CRP) was
quantified by the nephelometric method and the cutoff
point to determine inflammation was >0.3 mg/dL.* ana-
lyzed using the Tina-quant® C-reactive protein latex ultra-
sensitive assay (Roche Diagnostics GmbH, Mannheim,
Germany). Leptin measurement was quantified using com-
mercially available ultrasensitive ELISA kits according to
the manufacturer’s recommendations (Abcam, Cambridge,
MA, USA).

The bone metabolism markers selected for the study were
alkaline phosphatase, 25(OH)D,

Parathyroid hormone (PTH)
immunoenzymatic method by

parathyroid hormone,
calcium and phosphorus.
the

chemiluminescence®” and serum alkaline phosphatase (AP)

was analyzed by
by the kinetic colorimetric enzymatic method,*® both with
cutoff points for inadequacy >53.0 pg/mL (secondary hyper-
parathyroidism) and <130.0 U/L, respectively. The serum con-
centration of 25(OH)D was quantified by high-performance
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liquid chromatography-ultraviolet detection method (HPLC-
UV) (Labtest Diagnostica S.A., Lagoa Santa, Minas Gerais,
Brazil). The nutritional status of vitamin D was analyzed by the
quantification of the serum concentrations of 25(OH)D, and
cutoff points were <20 ng/mL (deficiency), >20 ng/mL and
<29 ng/mL (insufficiency), and >30 ng/mL and <100 ng/mL
(adequacy).*’ For complementing vitamin D evaluation, a
study on the sun exposure of the participants was carried out
by the application of a protocol validated by Hanwell et al.”®
Phosphorus was the serum mineral quantified by the calori-
metric method, with the cutoff points, respectively, for inade-
quacy <2.5 mg/dL.>' The nutritional status of calcium was
determined by quantification of serum concentrations of ionic
calcium by direct dosage by selective electrode, and the cutoff
point for inadequacy was <4mg/dL.>

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS)> for Windows
version 21.0, IBM Corporation (Armonk, NY, USA). To
verify the normality of the sample, the Kolmogorov—
Smirnov test was performed. Continuous variables were
expressed as mean and standard deviation (SD). Clinical,
biochemical, anthropometric parameters, bone metabolism
and inflammatory markers, calculated according to the
MHO and MUHO phenotypes, were compared using the
Student’s #-test. The Pearson’s chi-square test was applied
to assess the categorical variables according to the MHO
and MUHO groups and that test was used to test the
homogeneity of proportions among the categorical vari-
ables. The Pearson’s Linear Correlation was used for the
continuous variables. The significance level adopted was
5% (p<0.05).

Results
General Characterization Of The Studied

Population
A total of 223 adults with obesity were recruited and were
in the preoperative period of bariatric surgery. Of these, a
total of 9 adults were excluded from the study because
they did not meet any of the eligibility criteria, 2 were 60
years of age, 3 were diagnosed with class II obesity and
the remainder had important information which could not
be provided at the time of the consultation with the nutri-
tionist for data collection.

The sample comprised 223 adults, mostly sedentary
(79.82%), diagnosed with class III obesity, 76.23%

females and 23.77% males, mean age of 41.20 + 10.15
years, and no statistical difference between genders was
observed (p=0.061). SH, NAFLD and IR were present in
70.40%, 97.58% and 76.23% of the studied sample,
respectively. In relation to the bone metabolism parameters
studied, 97.31% showed inadequacy of AP, 83.86% vita-
min D deficiency, 79.82% inadequacy of PTH, 26.46%
calcium deficiency and 12.11% phosphorus deficiency.
Sun exposure time (min) among the individuals with obe-
sity was 13.2 £+ 5.2 mins/day, with reported use of sunsc-
reen in 80% of the assessed adults, and no statistical
difference was observed between them after their classifi-
cation into MHO and MUHO phenotypes (p=0.254).

Characterization Of The Population
According To The Obesity Phenotypes:
MHO And MUHO

According to the classification of subjects, based on the
NCEP-ATP III criteria, 32.73% were categorized as MHO
and 67.26% as MUHO. Mean age between the MHO and
MUHO groups was 38.86 = 10.65 and 42.34 + 9.73 years,
respectively, and a statistical difference was found
between the phenotypes (p=0.020). With respect to the
physical activity level, mostly the obesity phenotypes,
MHO and MUHO, respectively, were considered seden-
tary, 82.19% vs 78.67%. The remainder was considered
inadequately inactive, 17.81% vs 21.33%, and no statisti-
cal difference (p=0.597) was observed between the groups.

In Figure 1, we can note a higher frequency (66.67%)
of MUHO between the range of 35-56 years of age, while
in MHO, the highest frequency (78.09%) was between 21
and 49 years of age, therefore the majority of younger
subjects studied had the MHO phenotype.
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Figure | Frequency (%) of subjects by age group, according to obesity phenotypes,
MHO and MUHO.
Abbreviations:
unhealthy obese.

MHO, metabolically healthy obese; MUHO, metabolically
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Clinical, Biochemical And

Anthropometric Variables According To

The MHO And MUHO Phenotypes

The prevalence of NAFLD and IR were significantly
higher (p<0.001) in the MUHO group, when compared
to the MHO. As for the other metabolic variables (clinical
and biochemical) in the NCEP-ATP III classification cri-
teria, the prevalence of 36% of SH in the MHO group was
significantly lower (p<0.001) when compared to the
MUHO group where it reached 87%.

Similarly, significantly lower values of fasting glucose
(mg/dL) 91.03 + 15.99 vs 106.81 + 30.42 (p<0.001),
insulin (mg/dL) 16.36 £ 8.97 vs 19.73 £ 11.67 (p=0.018)
and TG (mg/dL) 123.04 + 140.94 vs 190.25 + 239.38
(p=0.009) were found, in addition to significantly higher
concentrations of HDL-c (mg/dL) 52.25 + 11.64 vs 42.49
+ 8.96 (p<0.001) in the MHO group, when compared to
the MUHO group.

We found statistically significant differences between
the means of the anthropometric parameters, the VAI, 4.28
+ 3.56 vs 7.93 + 8.70 (p=0.001), and of the inflammatory
marker, HOMA-IR 3.74 + 2.32 vs 5.40 + 4.22 (p=0.002),
regarding the MHO and MUHO groups, respectively. In
the analyzed profile of bone metabolism markers selected
for the study, AP showed a significant difference between
the groups (p=0.016), lower in the MHO group (Table 1).

Correlation Between Bone Metabolism
Markers And Anthropometric
Parameters (BMI And VAI) And
Inflammatory Markers According To The
MHO And MUHO Phenotypes

Table 2 shows, in the MUHO group, a positive correlation
between phosphorus and BMI (r=0.313; p<0.001), and a
negative correlation between 25(OH)D and BMI (=—0.307,
p=0.041). When considering VAI, a negative correlation
with calcium (»=—0.265; p=0.043) and a positive correlation
with phosphorus (7=0.369; p=0.039) were also observed.
Furthermore, regarding A Body Shape Index (ABSI), in the
same group, we found negative correlations with calcium
(=—0.165; p=0.043) and phosphorus (r=—0.161; p=0.049).
In the MHO group, no correlation was found between the
bone metabolism variables and the body parameters studied.

When the inflammatory markers were analyzed, in the
MHO group, we found two negative correlations, the first,
calcium with hs-CRP (r=—0.295; p=0.017) and the second,

PTH with HOMA-IR (=—0.279; p=0.017); and no corre-
lation was found with leptin. In the MUHO group, no
correlation was found between bone metabolism markers
and inflammatory markers.

Discussion

The strong point of this study is that it was one of the few
to report, in individuals with class III obesity, the relation-
ship between the MHO phenotype and a set of biochem-
ical variables and body fat distribution with importance for
metabolic profile. The study presents two main findings.
The first is the presence of the phenotype which, regard-
less of the classification in MHO or MUHO, was asso-
ciated with changes in clinic, anthropometric and
metabolic variables. The second is the combination of
obesity with metabolically unhealthy status which was
associated with greater impairment of the wvariables

studied.

General Characterization Of The
Population, According To The MHO And

MUHO Phenotypes

We found a prevalence of the MHO phenotype (32.73%) in
our study, according to the NCEP-ATP III criteria. Some
evidence shows that 20-30% of individuals with obesity are
classified as MHO.>*> Data from the longitudinal study,
ELSA-Brazil, which evaluated 14,545 adults and also used,
as one of its criteria, the NCEP-ATP III found prevalence of
26.8% of MHO,”® which is lower than the prevalence found
in our study. Other authors have reported frequencies of
14.9%,* 19.5%,% 36.6%°’ and 39.2%.°® This variability
can be explained by the study design, the characteristics of
the population investigated, the number of individuals eval-
uated and the lack of standardization of a single criterion for
the definition of the MHO phenotype. In those studies,
different classes of obesity were evaluated, using different
methods to classify the MHO phenotype, which could also
justify the differences found. Regarding age, there was
association with the MHO phenotype. Among the older
adults with obesity (35-56 years of age), we found a higher
prevalence (66.67%) related to the MUHO phenotype.

Following the trend of previous findings,**

in our study,
subjects classified as MUHO were significantly older than
the ones classified as MHO. The MHO phenotype appears
to be a transient status’® for about one-third of
individuals.®’ We cannot state that this transition occurred

with some of our individuals classified as MUHO since our
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Table | Clinical, Biochemical And Anthropometric Characteristics Of The MHO And MUHO Phenotypes

General Characteristics MHO (n=73) Mean £ SD MUHO (n=150) Mean % SD p-Value
Clinical and Metabolic Variables
Systolic H (mmHg) 123.36 + 23.45 140.00 + 30.47 0.000?
Diastolic H (mmHg) 76.63 £ 18.09 90.29 + 24.45 0.000?
SH (%) Yes 35.60 (n=26) 87.30 (n=131) 0.001°
No 64.40 (n=47) 12.70 (n=19)
NAFLD (%) Yes 83.60 (n=61) 94.00 (n=141) 0.025°
No 16.40 (n=12) 6.00 (n=9)
IR (%) Yes 60.27 (n=44) 84.00 (n=126) 0.000°
No 39.73 (n=29) 16.00 (n=24)
Anthropometric variables
Weight (kg) 118.46 = 16.30 118.04 + 19.86 0.876
Height (m) 1.66 = 0.08 1.66 £ 0.10 0.723
BMI (kg/m?) 42.99 + 448 42.51 £ 486 0.465
WC (cm) 118.18 = 11.72 120.54 + 13.89 0.186
VAI 428 £ 3.56 7.93 £8.70 0.001%
Biochemical variables
Glucose (mg/dL) 91.33 £ 15.99 106.81 + 30.42 0.000?
Insulin (mg/dL) 16.36 + 8.97 19.73 = 11.67 0.018?
Total cholesterol (mg/dL) 197.67 + 36.07 199.06 + 57.16 0.826
LDL-c (mg/dL) 121.10 = 31.61 120.31 + 35.53 0.867
HDL-c (mg/dL) 52.25 £ |1.64 42.49 £ 8.96 0.000?
Triglycerides (mg/dL) 123.04 + 140.94 190.25 + 239.38 0.009*
Inflammatory markers
HOMA-IR 374 +£232 540 £ 4.22 0.002°
Hs-CRP (mg/dL) 0.88 + 0.71 0.97 £ 0.93 0.427
Leptin 45.69 + 32.24 42.50 £ 30.96 0.483
Bone metabolism markers
Calcium (mg/dL) 391 £ 1.40 3.906 + 1.87 0.987
Phosphorus (mg/dL) 3.58 £ 0.58 3.65 £ 0.63 0.799
25(OH)D (ng/mL) 2233 £7.79 22.69 + 831 0.747
PTH (pg/mL) 42.09 £ 18.13 42.79 £ 16.08 0.779
AP (U/L) 70.56 + 27.57 80.11 + 27.56 0.016*

Notes: *t-Student's test (p<0.05); "Pearson’s chi-square (X?) test (p< 0.05).

Abbreviations: SD, standard deviation; SH, systemic hypertension; NAFLD, non-alcoholic fatty liver disease; IR, insulin resistance; BMI, body mass index; AC, abdominal
circumference; VA, visceral adiposity index; HOMA-IR, homeostasis model assessment — insulin resistance; LDLc, low density lipoprotein cholesterol; HDL-c, high density
lipoprotein cholesterol; TG, triglycerides; hs-CRP, high-sensitivity C-reactive protein; PTH, parathyroid hormone; AP, alkaline phosphatase.

study is a cross-sectional study, therefore, without follow-
up. Longitudinal studies have shown that the MHO status,
because unstable, progresses to an unhealthy metabolic state
in a considerable proportion of patients.**** However, there
is still no consensus as to the time for this progression and
whether all individuals will transition to the MUHO pheno-
type, since some remained MHO.%*> Recent evidence also

suggests that the MHO phenotype is related to a healthy
lifestyle,** including diet quality®® and practice of physical
activity.°® In the present study, it was possible to observe
that among the evaluated subjects, there was no association
of the MHO or MUHO phenotypes with the habit of practi-
cing or not physical activity, as described in the study by
Donini et al.%” Although the underlying determinants and
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0.92
0.09
0.97
0.14
0.55

MUHO
-0.01
—-0.14
0.00
0.12
0.05

0.12
0.36
0.49
0.92
0.60

Leptin
MHO
-0.19
—-0.11
0.08
—-0.01
0.06

0.47
0.62
0.51
0.28
0.85

MUHO
0.06
0.04
—-0.06
0.09
0.02

p
0.0l
0.17
0.33
0.87
0.28

Hs-CRP
MHO
0.16
0.12

-0.30*
-0.02
0.13

0.34
0.78
0.18
0.30
0.85

MUHO
—-0.08
—-0.02
—-0.11
0.09
—-0.02

0.44
0.65
0.20

02
0.12

0.

Inflammatory Markers

HOMA IR
MHO
—-0.05

—-0.15
-0.28*
-0.19

0.09

p
0.04
0.04
0.22
0.6l
0.41

MUHO
-0.27%
0.17¢
—-0.10
—-0.04
-0.07

0.18
0.10
0.69
0.97
091

VAI
MHO
0.15
-0.20
—-0.05
—-0.01
0.0l

0.95
0.00
0.04
0.52
0.89

MUHO
0.01
0.31°
-0.312
0.05
0.01

0.57
0.38
0.68
0.99
0.43

Anthropometric Variables

BMI
MHO

-0.07
0.10
—-0.05
0.00
-0.09

Phosphorus
25(OH)D
PTH

AP

Table 2 Correlation Between Bone Metabolism Variables And Anthropometric Parameters And Inflammatory Markers (HOMA-IR, Hs-CRP And Leptin) According To The MHO And
Calcium

MUHO Phenotypes
Bone Markers

Abbreviations: 25(OH)D, vitamin D; AP, alkaline phosphatase; BMI, body mass index; MHO, metabolically healthy obese; MUHO, metabolically unhealthy obese; PTH, parathyroid hormone; VAI, visceral.

Notes: *Pearson’s correlation is significant at the 0.05 level (2-tailed); ®Pearson’s correlation is significant at 0.01 level (2-tailed).

molecular mechanisms of this phenotype are not yet fully
elucidated, the accumulated evidence suggests that it is
influenced not only by environmental factors (i.e. diet and
exercise) but also by biological and genetic factors,”' which
could help to justify the result found in our study.

Clinical, Biochemical And Anthropometric
Parameters According To The Obesity
Phenotypes: MHO And MUHO

The fat content in the liver is an additional marker that has
been considered very important in the context of the MHO
phenotype definition. The prevalence of NAFLD appears
to be significantly lower in MHO adults compared to
MUHO.*"*®* In our study, we found a high frequency
(90.58%) of NAFDL among obese individuals, mainly in
the MUHO group (94%), suggesting that there is an
important relationship with the MHO phenotype that
needs to be further investigated.

In our study, even among MUHO subjects, there was a
higher prevalence of hypertension and IR (84%), suggest-
ing that there is a relation between this parameter and the
MHO phenotype. Our results are in accordance with pre-
vious findings,”>>%%*"! but the values we found for pre-
valence of hypertension and IR were higher when
compared to these studies. Probably, this discrepancy is
explained by the difference in the severity of obesity
studied among the selected studies since our work was
the only one among them evaluating class III obesity.

Both phenotypes presented significant inadequacy in
four of the five variables of the NCEP-ATP III criteria
with the exception of CA, which we believe did not defer
since we evaluated individuals with severe class III
obesity.”*”® Hypertension was the one that was most
strongly associated with the MHO phenotype, presenting
a high prevalence (87%) among the MUHO. Those find-
ings highlight the importance of the profile of the variables
that make up the MHO phenotype classification criterion.

Obese individuals have different patterns of body fat
to different
phenotypes.®® In our study, we found significantly lower

distribution and are related metabolic
values of VAI in the MHO subjects when compared to the
MUHO, which showed that this tool was sensitive to detect
the difference found between the phenotypes. This fact leads
us to suggest that there is a difference between the MHO and
MUHO phenotypes with regard to the site of greater deposi-
tion of body fat. In accordance with our study, Kang et al

(2017)"* in a study with 2204 individuals with the MHO
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phenotype observed that higher VAI values were associated
with a more compromised metabolic profile, MUHO.
Moreover, these authors, in the same study, also observed
that VAI correlated better with the MHO prognosis and was
considered a good predictor in the determination of the con-
version of the MHO phenotype into MUHO.

Although the difference between the majority of the
studied bone metabolism markers (calcium, phosphorus,
vitamin D, and PTH) was not significant in the groups,
these data deserve attention since they are involved in meta-
bolic disorders common in individuals with obesity. Several
studies indicate that deficits in calcium, vitamin D and phos-
phorus in the long term, especially when associated with
obesity, increase the risk of fractures and may be associated
with a higher prevalence of osteoporosis, osteoarthritis,
sarcopenia’>’®
obesity>’’

and calcium and hormonal changes such as secondary hyper-
8,79

and other factors such as osteosarcopenic
and liver diseases.”*’® Vitamin D deficiencies

parathyroidism, when untreated, result in bone diseases.
We observed that AP was related to the MHO phenotype.
Higher plasma concentrations of the marker were observed in
the most metabolically compromised phenotype, MUHO.
This marker tends to be more concentrated when there is
vitamin D deficiency. It is also influenced by the homeostasis
of PTH, calcium and vitamin D.*° Therefore, even if the
other markers have not differed between the phenotypes,
MHO and MUHO, it is important to evaluate in a deeper
way the significance of the observed changes in our study
since they are indicative of greater bone remodeling.

We believe that the differences in the clinical, bio-
chemical, anthropometric and metabolic profiles between
MHO and MUHO groups observed in our study, added to
other findings reported by several other prior studies, are
results of several mechanisms still not clarified for inter-
action between genetic, environmental and behavioral fac-
tors. These factors affect the distribution of abdominal fat,
accumulation of visceral and ectopic fat in the liver and
muscle, IR, and determine the MHO phenotype,®' and can
increase or decrease the risk for several diseases.

Correlation Between Bone Metabolism
Markers And Anthropometric Parameters
(BMI And VAI) And Inflammatory Markers

According To The MHO And MUHO
Phenotypes

In our study, we noted that among the MUHO individuals,
plasma vitamin D levels varied inversely with BMI (+=—0.307,

p=0.04). Previous findings have shown results similar to ours,
where obese individuals presented lower serum vitamin D
values when compared to normal weight ones. In addition,
the plasma concentration of vitamin D was negatively corre-
lated with body weight, BMI and fat mass.®"** In the study by
Vimaleswaran et al (2013)** with 42,024 obese individuals,
the same correlation was observed. It was shown that each
increase of 1kg/m? of BMI would be associated with 1.15%
reduction of 25(OH)D. However, Seo et al (2012),84 when
evaluating sarcopenic obesity in relation to plasma levels of
vitamin D, did not find the same association. It is worth
emphasizing that even though the evaluated individuals were
also obese, sarcopenic obesity applies more criteria for diag-
nosis, which go beyond BMI. In the study, there was a nega-
tive association of vitamin D with visceral fat.

It is clear that vitamin D is related to obesity, and the
correlation found in our study can be attributed to the
liposolubility of this hormone and its biodistribution in
the adipose tissue.®> The literature also reports that there
are a number of possible mechanisms that can cause the
lowest concentration of 25(OH)D in obesity, since that is
multifactorial. Among them, deficiency could occur due to
less exposure to sunlight,®® the lack of the habit of using
sunscreen®’ as observed throughout the studied sample,
regardless of the classification from the obesity pheno-
types, in addition to the age factor,*'*® considering that
the individuals classified as MUHO were older than the
MHO in our study, which could therefore favor the occur-
rence of vitamin D deficiency, as well as changes in the
binding protein or metabolization of this vitamin.®®

In the MUHO group, the correlations found between
indicators of phosphorus and BMI (=—0.313, p=0.00) and
VAI (r=0.369, p=0.04), respectively, as well as between
VAI and calcium (=—0.265, p=0.04), can be partly
explained by vitamin D deficiency and its secondary end-
points in the metabolism of these two nutrients (phos-
phorus and calcium), in addition to any more
compromised clinical and metabolic profile of the group
when compared to MHO. We believe that the difference
between the profile of body and visceral adiposity
observed in the phenotypes was significantly more
impaired in the MUHO phenotype. When it was associated
with vitamin D deficiency as a function of the greater
volume of body tissue in the obese,” it favored the lowest
concentrations of serum calcium and phosphorus. Calcium
and phosphorus play a key role in the maintenance of bone

18,89,90

metabolism and their deficits are related to severity

of obesity.”"*? Calcium is the most abundant mineral in
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the body, and the bone is a metabolic marker that must
always be in balance with the blood. Phosphorus is the
second most abundant mineral in the body. Its main func-
tion in bone metabolism is to combine with calcium to
provide bone stiffness.*”

Although no significant difference was found between
the plasma vitamin D levels between the MHO and
MUHO groups, MUHO, which is the most metabolically
compromised phenotype, seems to have been more
affected by vitamin D deficiency. Since there was a corre-
lation with the BMI parameter, it may indirectly have
influenced the correlations found of other markers (cal-
cium and phosphorus) with VAI

Regarding the HOMA-IR and the hs-CRP parameters,
despite the high plasma levels of hs-CRP, they did not
differ significantly between the phenotypes. In the MHO
group, the inverse correlation of CRP with serum calcium
levels (=—0.295, p=0.01) can be explained by the prob-
able link between the pathophysiological mechanisms of
obesity and other syndromes such as osteoporosis, osteoar-
thritis, osteopenia, sarcopenia and sarcopenic obesity, dis-
eases that are often associated with class III obesity® ™"
and that quite possibly could be affecting a significant
number of subjects in the studied sample. These diseases
are characterized by long-term deficiency of nutrients such
as calcium, vitamin D and increased secretion of PTH”?
which are influenced by mechanisms of the inflammatory

framework typical of obesity'”**%°

and characterized by
higher levels of tumor necrosis factor alpha (TNFa), lep-
tin, CRP, IR and other inflammatory cytokines in the
adipose tissue.”®

This hypothesis, related to inflammation, may explain the
correlation between HOMA-IR and PTH (= 0.279; p=0.02).
The HOMA-IR parameter also reflects the inflammatory
profile and it was significantly less compromised in the
MHO group. This fact could influence the secretion of PTH
from vitamin D deficiency. PTH is often used as an indicator
of vitamin D status.”” Normally, low levels of 25(OH)D
provide lower calcium absorption and increased bone
turnover.”> Even though no significant difference was found
between the groups in relation to vitamin D, the most pre-
served clinical and metabolic profile was impacted differ-
ently, justifying this correlation because it was less IR. In the
study by Choi et al (2016),5 a progressive association
between HOMA-IR and vitamin D levels was observed
regardless of sarcopenic obesity in men. HOMA-IR and
C-reactive protein were correlated with sarcopenic obesity
in women.”’ In the skeleton, PTH promotes the increase of

bone resorption, besides being mainly responsible for acutely
and rapidly regulating the serum calcium.”®"’

The correlations found in our results need further
investigation. No previous study, to our knowledge, has
evaluated the correlation of this set of biochemical mar-
kers (clinical, anthropometric and metabolic) with the
MHO phenotype in individuals with class III obesity,
with promising results that could contribute to the devel-
opment of complementary studies. However, we assume
limitations in the present study: the reduced number of
variables related to the inflammatory profile, the fact that it
is a cross-sectional design study, so it was impossible to
determine a causal relationship between the variables ana-
lyzed, as well as the impossibility of evaluating the stage
of NAFDL since we only had data of complete abdominal
ultrasound.

Conclusion

The MHO phenotype does not protect adults with class III
obesity from developing clinic, anthropometric and meta-
bolic changes that can negatively impact on the health of
these individuals. Our study highlights that the MHO pre-
sents important metabolic changes such as those observed
in the MUHO, although with lower prevalence and sever-
ity. This also occurs if we consider other clinical and
metabolic variables outside the classificatory profile pro-
posed by the NCEP-ATP III. These findings suggest con-
tinuous monitoring of these individuals in order to prevent
the progression of the changes evaluated, since MHO
seems to be a transient status, aiming at the effective
reduction of the metabolic risks to which these individuals
are exposed. In addition, the results presented here seem
promising for the development of future studies related to
obesity phenotypes and, as such, we suggest the conduc-
tion of further longitudinal studies to investigate the phe-
notype stability, the significance of our findings and the
impact of the observed correlations.
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