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Abstract

Objective: To explore the mediating role of visceral adiposity, as assessed by

the visceral adiposity index (VAI), in the relationship among schooling, physi-

cal inactivity, and unhealthy metabolic phenotype (UMP).

Methods: A cross-sectional population-based study was conducted with

854 adult individuals of both sexes from a Brazilian city. Data were collected

through interviews, anthropometric evaluation, and clinical and laboratorial

tests. We used multivariate path analysis, which simultaneously analyzes mul-

tiple relationships between variables. The analyses were adjusted by sex and

age and stratified according to nutritional status.

Results: A positive direct effect of visceral adiposity on the UMP was observed

for normal weight, standardized estimate (SE) = 0.632; confidence interval

(CI 95%) = 0.547, 0.707) and overweight individuals (SE = 0.732; CI

95% = 0.647, 0.808), and negative direct effect of schooling on physical inactiv-

ity (normal weight: SE = −0.408; CI 95% = −0.550, −0.265) and overweight

(SE = −0.304; CI 95% = −0.479, −0.129). Among normal-weight individuals,

there was a positive direct effect (SE = 0.193; CI 95% = 0.059, 0.328) of physical

inactivity on VAI. In relation to indirect effects, there was a mediating role of

visceral adiposity in the association of schooling level and physical inactivity

with the UMP only among normal-weight individuals.

Conclusions: Visceral adiposity has a direct effect on the UMP regardless of

nutritional status, and there is a mediating effect of VAI on the relationship

among schooling, physical inactivity, and UMP in normal-weight individuals.

1 | INTRODUCTION

Obesity is currently a major public health problem and a
strong contributor to the global burden of diseases, espe-
cially cardiometabolic diseases (de Oliveira, Valente, &
Leite, 2010). Because of the costs of treating the associ-
ated diseases, obesity implies considerable financial
expenses for the health system (Gakidou et al., 2017).

Given the heterogeneous nature of this disorder, the
identification of its subtypes can help in decision making
for the best therapeutic strategy. Studies have identified
different subtypes of obesity (Andres, 1980; Ruderman,
Berchtold, & Schneider, 1982; Ruderman, Schneider, &
Berchtold, 1981) and described phenotypes that combine
body mass index (BMI) and metabolic profile. One of the
criteria proposed for the classification of the individual as
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metabolically unhealthy is the presence of at least two of
the following alterations: high blood pressure, hyper-
triglyceridemia, low high-density lipoprotein cholesterol
(HDL-c), hyperglycemia, insulin resistance, and inflam-
mation (Wildman et al., 2008). Therefore, four pheno-
types can be identified in individuals with or without
overweight: metabolically healthy normal weight; meta-
bolically unhealthy normal weight (MUNW); metaboli-
cally healthy overweight (MHO); and metabolically
unhealthy overweight (MUO). Each of these phenotypes
has a potential risk for developing cardiometabolic dis-
ease. MUNW individuals, who are still classified by tables
as normal weight, show metabolic abnormalities typical
of obesity, and the occurrence of MHO is not a benign
condition (Aung, Lorenzo, Hinojosa, & Haffner, 2014).
For example, there is variation in the risk of type 2 diabe-
tes mellitus and cardiovascular disease among these phe-
notypes, with MUNW and MHO being considered as
intermediate risk and MUO as the highest risk phenotype
(Aung et al., 2014; Caleyachetty et al., 2017; Lassale
et al., 2018).

Visceral adiposity plays a key role in the metabolic
deterioration of an individual, contributing to the etiology
of these phenotypes (Hwang et al., 2015; Samocha-Bonet
et al., 2014). The possible causes are the deregulation of
adipokines, leading to more production of pro-inflam-
matory adipokines and less of anti-inflammatory
adipokines (Hamdy, Porramatikul, & Al-Ozairi, 2006;
Maury & Brichard, 2010) and the greater lipolysis of this
tissue. This dysregulation increases the concentration of
free fatty acids (Després et al., 2008; Hermsdorff &
Monteiro, 2004; Ribeiro Filho, Mariosa, Ferreira, &
Zanella, 2006), which in turn interferes in the action of
insulin, causing insulin resistance.

Measuring visceral adiposity directly requires expen-
sive imaging techniques that are often unfeasible in the
context of public health; hence, alternative measures
have been proposed. The visceral adiposity index (VAI) is
a recently developed gender-specific mathematical model
that uses both biochemical and anthropometric indica-
tors to estimate adiposity dysfunction related to car-
diometabolic risk (Ahmad & Haddad, 2015; Amato
et al., 2010) and has been validated as a simple surrogate
marker of visceral adiposity and adipose dysfunction
(Amato et al., 2010).

The influence of behavioral habits on the differentia-
tion of metabolic phenotypes, particularly the effect of
physical activity, is worthy of investigation, since it is a
modifiable factor that can be used as a preventive and
therapeutic strategy (Jae et al., 2017). Scientific evidence
shows that physical activity is significantly associated
with decreased levels of visceral fat (Kotani et al., 1994;
Pitanga, Pitanga, Gabriel, & Moreira, 2014; Sasai

et al., 2010). One of the probable mechanisms responsible
for this relationship is the greater lipolytic response
resulting from the effects of the catecholamines released
during the physical activity, resulting in marked lipolysis
in the abdominal tissue (Després et al., 1991).

Finally, the education level is an important marker of
socioeconomic status related to several health outcomes
and is another factor that must be considered when
assessing different metabolic phenotypes (Ferreira, de
Moura, Malta, & Sarno, 2009; Martin, Godoy, Franco,
Martin, & Martins, 2014). Level of education can influ-
ence food choices and the opportunities provided for
physical activity (Wagner, Navarro, Gonzalez-Chica, &
Boing, 2018). In this sense, there is evidence of a direct
association between low schooling level and abdominal
adiposity (Nienaber-Rousseau et al., 2017; Oliveira,
Velásquez-Meléndez, & Kac, 2007; Vernay et al., 2009;
Wardle, Waller, & Jarvis, 2002), as well as higher level of
education and more leisure-time physical activity (Knuth
et al., 2011).

Although previous studies have examined separately
the associations described above (Nienaber-Rousseau
et al., 2017; Oliveira et al., 2007; Vernay et al., 2009; Ward
et al., 2015; Wardle et al., 2002), evidence on the interre-
lationship among schooling level, physical activity, and
visceral adiposity in the determination of metabolic phe-
notypes has not been explored. Thus, we hypothesize that
visceral adiposity may partially explain why schooling
and physical inactivity affect the metabolic profile. The
objective of this study was to explore the mediating role
of visceral adiposity in the relationship between school-
ing, physical inactivity, and unhealthy metabolic pheno-
type (UMP) according to nutritional status.

2 | METHODS

2.1 | Study sample

The data were obtained from a research that aimed to
evaluate the health conditions of the adult population of
a city of Minas Gerais, Brazil (2012-2014). It is a cross-
sectional, population-based study with adult individuals
aged 20 to 59 years, of both sexes, and living in the urban
area of the municipality. The sample was calculated
using the public domain program Open Epi, online
version 3.03a, considering the following parameters:
estimated population of 43.431 individuals (Instituto
Brasileiro de Geografia e Estatística—IBGE, 2011), 95%
confidence level, expected prevalence of 50% (considering
multiple outcomes, because this study is part of a survey
that aims to evaluate different outcomes) (Barbosa, Per-
eira, da Cruz, & Leita, 2018; Ferreira et al., 2018a),
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predicted sample error of 4.5%, and design effect of 1.6.
The sample calculated was added with 10% to cover for
losses and refusals and 10% more to control confounding
factors. The required sample size was estimated to be
901 individuals. The sampling process was probabilistic,
without replacement, and used a two-stage conglomerate
sampling (census and domicile), in which 1229 house-
hold interviews were carried out. Of the total number of
interviewees, 331 individuals did not complete the labo-
ratory tests. A final sample of 854 individuals was investi-
gated, since 44 individuals were excluded from the study
for presenting serum triglycerides (TGs) ≥279 mg/dL
and/or BMI ≥40 kg/m2. These values may affect VAI
validity according to the investigators who developed the
index formula, and the exclusions aim to avoid that
the predictive power assigned to VAI was ascribed to
the individual variables in the model (Amato &
Giordano, 2013).

The study was approved by the Research Ethics Com-
mittee of the Federal University of Viçosa (Official Letter
Regulation 02/2013). All participants signed the informed
consent form. More detailed information on the method-
ological aspects of the study is described in Segheto
et al. (2015).

2.2 | Measurements

2.2.1 | Biochemical Parameters

Blood samples were collected by venipuncture using the
Vacutainer system (Becton Dickinson, Plymouth, UK)
after a 12-hour fast. Fasting glucose was determined by
the enzymatic glucose-oxidase method. TGs and HDL-c
concentration were measured by the enzymatic colorimet-
ric method. Plasma insulin was determined by ELISA,
using the Human Insulin ELISA Kit (Linco Research,
St. Charles, Missouri). Insulin resistance was estimated by
the homeostasis HOMA-IR model: HOMA-IR = fasting
insulin (μU/mL) × fasting glucose (mmol/L)/22.5
(Matthews et al., 1985). Ultrasensitive C-reactive protein
(hs-CRP) was determined by the immunoturbidimetric
assay (Bioclin, Quimbasa Quimica Básica, Belo Horizonte,
Brazil).

2.2.2 | Anthropometric parameters

Body mass was measured in an electronic digital scale
(TANITA model Ironman BC-554, Tokyo Japan) certified
by the Inmetro, with capacity of 150 kg and precision of
100 g, with participants using as little clothing as possible
and barefoot (Lohman, Roche, & Martorell, 1988). Height

was measured with a wall-mounted stadiometer, without
footboard, 2.5 m of height and 0.1 cm of resolution
(WELMY, Santa Bárbara D'Oeste, Brazil). Participants
stood barefoot touching the measurement bar, heels
together, feet forming a 45� angle, arms hanging along
the body, and looking straight ahead with the head in the
“Frankfort horizontal” plane (Lohman et al., 1988). BMI
was calculated as the ratio of body mass (kg) to height
squared (m2) (World Health Organization, 2000), consid-
ering individuals with BMI ≥25 kg/m2 as overweight and
the others as normal weight (BMI 18.5-24.9 kg/m2).

Waist circumference (WC) was measured in centime-
ters with an inelastic measuring tape (Sanny, S~ao Paulo,
Brazil) at the mid-point between the last rib and the iliac
crest, at the end of a normal exhalation. All anthropomet-
ric measurements were performed in triplicate by one
experienced examiner, considering the average values.
VAI was calculated using the sex-specific formulas
described below (Amato et al., 2010), with TGs and HDL-
c levels expressed as mmol/L. VAI was used as a continu-
ous variable in all analyses.

Men: VAI = WC
39:68+ 1:88*BMIð Þ

� �
* TG

1:03

� �
* 1:31

HDL

� �
.

Women: VAI = WC
36:58+ 1:89*BMIð Þ

� �
* TG

0:81

� �
* 1:52

HDL

� �
.

2.2.3 | Clinical parameter

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured in duplicate using an automatic
blood pressure monitor (OMRON model HEM-741 CINT,
Tokyo, Japan) calibrated and certified by the Inmetro.
The first measurement was taken after 5 minutes rest
and the second 15 minutes after the first measurement.
The mean of the two measurements was considered for
analysis.

2.2.4 | Metabolic phenotypes

The criteria of Wildman et al (Wildman et al., 2008)
described in Table 1 were used for the definition of the
metabolic phenotypes.

2.2.5 | Physical activity

The leisure-time physical activity level was evaluated by
the International Physical Activity Questionnaire, long
form, using the fourth domain, which considers the phys-
ical activities performed in the last 7 days solely for
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recreation, sport, exercise, or leisure for at least 10 contin-
uous minutes. We decided to evaluate separately only the
leisure physical activity because the different dimensions
are differently related to the study variables (Costa, Salva-
dor, Guimar~aes, & Florindo, 2010; De Souza, Franscisco,
Lima, & Barros, 2014) and the leisure dimension is the
one that most relates to cardiometabolic risk and with
the greatest potential to be modified.

The level of physical activity was calculated by adding
the time spent with walking and moderate physical activ-
ity plus twice the time spent with vigorous activities. Par-
ticipants were classified as physically inactive (<150 min/
week) or physically active (≥150 min/week) (Haskell
et al., 2007).

2.2.6 | Sociodemographic data

A structured questionnaire was applied to collect infor-
mation on the following variables: sex (female and male),
age (continuous, in years), and schooling level (0-4 years,
5-8 years, 9-11 years, and ≥ 12 years of study). The
schooling level was the only predictor of socioeconomic
status used in this study.

2.3 | Theoretical model

Figure 1 illustrates the theoretical model used in the
analysis of the present study, which was built from evi-
dence described in the literature on the relationship
between the studied variables (Du, Yu, Zhang, &
Sun, 2015; Oliveira et al., 2007; Rodrigues, Melo, Assis, &
Oliveira, 2017; Wardle et al., 2002) and from previous

results of the same study population (Ferreira, Juvanhol,
et al., 2018; Ferreira, Segheto, da Silva, Pereira, &
Longo, 2018). The analyses were also stratified according
to nutritional status, since previous results from the same
study population (Ferreira et al., 2018a) indicated that
the association between VAI and UMP varies according
to the nutritional status.

2.4 | Statistical analysis

Data of categorical variables are presented as percentages
and data of continuous variables are presented as means
and SD. Differences between groups of phenotypes were
assessed by chi-square or chi-square test for trend for the
categorical variables and t test for the continuous vari-
ables. The descriptive analysis was performed using the
program Stata 13.0 (StataCorp LP, College Station,
Texas).

Path analysis was used to test VAI as a possible medi-
ator in the relationship between schooling, physical inac-
tivity, and UMP. It is a multivariate statistical technique
that simultaneously performs a series of multiple regres-
sion equations. This technique allows the analysis of
multiple relationships among variables, and it is possible
to unfold and compare the magnitude of the effects
among these variables and to test mediation effects
(Gamborg et al., 2009; Hair, Anderson, Tatham, &
Black, 2009).

The direct effect of each variable on the UMP was
estimated from the path analysis, in which there is no
mediation by any other variable included in the model.
In addition, the indirect effect was estimated, that is, the
one in which there is a sequence of paths with one or
more mediating variables. Therefore, the total effect is
obtained by the sum of the direct and indirect effects.
Notably, in this study, the term “effect” is used in the
sense of association, not causality.

We used for the estimation the weighted least squares
method adjusted for the mean and variance (WLSMV),
which is suitable for models with categorical variables
regardless of whether they are predictors or outcome

TABLE 1 Definition of metabolic phenotypes

Cardiometabolic abnormalities

1. High blood pressure: Systolic/diastolic blood
pressure ≥130/85 mmHg or use of antihypertensive
medication.

2. High triglyceride level: Fasting triglyceride level ≥150 mg/
dL.

3. Decreased high-density lipoprotein cholesterol (HDL-c)
level: HDL-c <40 mg/dL in men or <50 mg/dL in women
or use of lipid-lowering medication.

4. High glucose level: Fasting glucose level ≥100 mg/dL or
use of hypoglycaemic medication.

5. Insulin resistance: HOMA-IR >90th percentile.

6. Systemic inflammation: Level of CRP-us >90th percentile.

Criteria for definition of the unhealthy metabolic phenotype

Presence of ≥2 cardiometabolic abnormalities.

 Years of schooling 

 VAI 

 Physical inactivity 

Unhealthy metabolic 
phenotype

FIGURE 1 Theoretical model
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variables. Theta parameterization was used to control dif-
ferences in residual variances (Muthén & Muthén, 2010).
Non-standardized and standardized coefficients were
estimated with their respective 95% confidence intervals
(95% CI). Standardized estimates (SEs) are expressed as
units of SD and are useful in the comparison of effects,
since each variable is measured on a different scale.

The path analysis was performed using the software
Mplus, version 7.4 (Muthén & Muthén, Los Angeles, Cal-
ifornia), with all associations adjusted for sex and age.
The quality of the fit of the model was evaluated by the
index root mean square error of approximation
(RMSEA), in which a good fit is represented by an upper
limit of the 90% of confidence intervals (CI 90%) of less
than 0.08.Values greater than 0.95 for the comparative fit
index (CFI) and for the Tucker's incremental index
(Tucker Lewis index [TLI]), and a weighted root mean
square residual (WRMR) of less than 1 were also consid-
ered as indicative of a good fit (Kline, 2011; Wang &
Wang, 2012).

3 | RESULTS

The characteristics of the participants stratified by meta-
bolic phenotype are presented in Table 2. There was no
difference in the sex distribution among the metabolic
phenotypes. Individuals with the MHO phenotype were
significantly more educated than their unhealthy

counterparts. In addition, metabolically unhealthy indi-
viduals were older, had higher VAI, higher Homa-IR,
TGs, and glucose, and lower levels of high-density lipo-
protein cholesterol than their healthy counterparts,
regardless of nutritional status. There was no difference
in the leisure-time physical activity level between groups
of phenotypes.

The visceral adiposity in normal-weight individuals
had a direct positive effect on the UMP (SE = 0.632; CI
95%: 0.547, 0.707; P < .001), showing that higher VAI is
associated with the higher occurrence of this phenotype.
Physical inactivity, in turn, had a positive direct effect on
visceral adiposity (SE = 0.193; CI 95%: 0.059, 0.328;
P = .005). On the other hand, schooling had a negative
direct effect on physical inactivity (SE = −0.408; CI 95%:
−0.550, −0.265); P < .001), showing that individuals with
lower education levels are more physically inactive than
those with higher education levels. Positive indirect effect
of physical inactivity on the UMP, mediated by visceral
adiposity (SE = 0.122; CI 95%: 0.035, 0.209; P = .006),
was also observed. In addition, a negative indirect effect
of schooling was found on the UMP, which was mediated
by physical inactivity and visceral adiposity simulta-
neously (SE = −0.050; CI 95%: −0.092, −0.007; P = .022)
(Table 3).

For the overweight individuals, a positive direct effect
of visceral adiposity on the UMP (SE = 0.732; CI 95%:
0.647, 0.808; P < .001) was also observed. Schooling also
had a negative direct effect on physical inactivity,

TABLE 2 Characterization of the study sample according to the metabolic phenotypes. Viçosa, Minas Gerais, Brazil, 2012-2014

Variable MHNW (n = 436) MUNW (n = 86) Pa MHO (n = 186) MUO (n = 146) Pa

Sex: female (%) 57.34 56.98 .950 46.24 52.74 .240

Schooling (years) (%)

0-4 5.05 6.98 .080 8.60 13.01 .009

5-8 8.26 15.12 13.44 25.34

9-11 21.33 19.77 23.12 16.44

≥12 65.37 58.14 54.84 45.21

Physical inactivity (%) 68.81 74.42 .301 68.28 67.81 .927

Age (years)—Mean ± SD 30.03 ± 10.08 35.35 ± 13.21 <.001 33.96 ± 10.84 40.91 ± 12.01 <.001

VAI—Mean ± SD 1.12 ± 0.58 2.44 ± 1.30 <.001 1.28 ± 0.60 2.90 ± 1.43 <.001

HOMA-IR 1.36 ± 0.66 1.76 ± 0.99 <.001 1.62 ± 0.78 2.96 ± 2.09 <.001

HDL-c (mmol/L)—Mean ± SD 14.53 ± 4.3 11.22 ± 3.44 <.001 13.53 ± 3.35 10.64 ± 3.1 <.001

TGs (mmol/L)—Mean ± SD 1.01 ± 0.42 1.62 ± 0.63 <.001 1.10 ± 0.44 1.79 ± 0.69 <.001

Gluc (mmol/L)—Mean ± SD 4.52 ± 0.45 4.65 ± 0.69 .017 4.60 ± 0.48 5.13 ± 0.97 <.001

Abbreviations: Gluc, glucose; HDL-c, high-density lipoprotein cholesterol; MHNW, metabolically healthy normal weight; MHO, metaboli-
cally healthy overweight; MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy overweight; TGs, triglycerides;
VAI, visceral adiposity index.
aStudent t test or Pearson's chi-squared test of or chi-square for trend.
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(SE = − 0.304; CI 95%: −0.479, −0.129; P < .001), but sig-
nificant indirect effect was not observed in this group
(Table 4).

The path model presented a good fit: RMSEA = 0.000
(90% CI: 0.000-0.000) and P < .05; CFI and TLI = 1 and
WRMR = 0.002.

TABLE 3 Estimates and 95% confidence intervals (95% CI) for direct, indirect, and total effects among normal weight subjects. Viçosa,

Minas Gerais, Brazil, 2012-2014

Paths

Non-standardized estimate (CI 95%) Standardized estimate (CI 95%)

Direct effect P Direct effect P

VAI ! MUNW 0.944 (0.751; 1.138) <.001 0.632 (0.547; 0.707) <.001

PI ! MUNW −0.024 (−0.251; 0.204) .837 −0.019 (−0.204; 0.165) .837

School ! MUNW −0.001 (−0.230; 0.227) .990 −0.001 (−0.195; 0.192) .990

PI ! VAI 0.159 (0.050; 0.269) .004 0.193 (0.059; 0.328) .005

School ! VAI 0.100 (−0.015; 0.0216) .088 0.127 (−0.019; 0.272) .088

School ! PI −0.391 (−0.548; −0.233) <.001 −0.408 (−0.550; −0.265) <.001

Indirect effect P Indirect effect P

PI ! VAI ! MUNW 0.151 (0.042; 0.260) .007 0.122 (0.035; 0.209) .006

School ! VAI ! MUNW 0.095 (−0.016; 0.205) .094 0.080 (−0.013; 0.173) .091

School ! PI! MUNW 0.009 (−0.079; 0.098) .837 0.008 (−0.067; 0.083) .837

School! PI ! VAI ! MUNW −0.059 (−0.110; −0.007) .025 −0.050 (−0.092; −0.007) .022

Total effect (direct + indirect) P Total effect (direct + indirect) P

PI ! MUNW 0.127 (−0.121; 0.375) .316 0.103 (−0.099; 0.304) .317

School ! MUNW 0.044 (−0.161; 0.248) .675 0.037 (−0.136; 0.210) .674

Note: Model adjusted for age and sex.
Abbreviations: MUNW, metabolically unhealthy normal weight; PI, physical inactivity; School, years of schooling; VAI, visceral adiposity
index. Values in bold have a significant difference.

TABLE 4 Estimates and 95% confidence intervals (CI 95%) for direct, indirect, and total effects among overweight individuals Viçosa,

Minas Gerais, Brazil, 2012-2014

Paths

Non-standardized estimate (CI 95%) Standardized estimate (CI 95%)

Direct effect P Direct effect P

VAI ! MUO 0.884 (0.727; 1.040) <.001 0.732 (0.647; 0.808) <.001

PI ! MUO −0.074 (−0.305; 0.156) .527 −0.049 (−0.200; 0.102) .526

School ! MUO −0.041(−0.240; 0.159) .689 −0.030 (−0.175; 0.115) .689

PI ! VAI 0.004 (−0.173; 0.182) .961 0.004 (−0.137; 0.144) .961

School ! VAI 0.039 (−0.124; 0.202) .637 0.035 (−0.109; 0.178) .637

School ! PI −0.274 (−0.443; −0.105) .002 −0.304 (−0.479; −0.129) .001

Indirect effect P Indirect effect P

PI ! VAI ! MUO 0.004 (−0.153; 0.161) .961 0.003 (−0.101; 0.106) .961

School ! VAI ! MUO 0.035 (−0.110; 0.179) .637 0.025 (−0.080; 0.130) .637

School ! PI ! MUO 0.020 (−0.044; 0.085) .535 0.015 (−0.032; 0.061) .533

School ! PI ! VAI ! MUO −0.001 (−0.044; 0.042) .961 −0.001 (−0.032; 0.031) .961

Total effect (direct + indirect) P Total effect (direct + indirect) P

PI ! MUO −0.070 (−0.350; 0.209) .621 −0.046 (−0.229; 0.137) .620

School ! MUO 0.013 (−0.222; 0.249) .912 0.010 (−0.162; 0.181) .912

Note: Model adjusted for age and sex.
Abbreviations: MUO, metabolically unhealthy overweight; PI, physical inactivity; School, years of schooling; VAI, visceral adiposity index.
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A Supplementary Material was included in order to
clarify the possible doubts flawed related to the inclusion
of TGs and HDL cholesterol in both VAI and UMP, we
tested if WC (instead of VAI) mediates the relationship
between schooling, physical inactivity, and UMPs. Found
similar results, we evaluated that the significant direct
effect of VAI on the UMPs is not simply due to the fact
that the same variables appear in both the mediating var-
iable and the outcome variable.

4 | DISCUSSION

To our knowledge, this is the first study to investigate the
interrelationships between visceral adiposity, physical
inactivity, and schooling level in the determination of the
UMP according to nutritional status. The relationships
studied separately are well described in the literature
(Du et al., 2015; Knuth et al., 2011; Oliveira et al., 2007;
Rodrigues et al., 2017; Ruderman et al., 2019; Vernay
et al., 2009; Wardle et al., 2002), but our study provides
an innovative solution to these interrelationships using
the path analysis. Our main finding was that visceral adi-
posity plays a key role, mediating the association of
schooling and physical inactivity with the UMP, both
directly, regardless of nutritional status, and indirectly in
normal-weight individuals.

As the unhealthy phenotype is characterized by a
deterioration of the metabolic profile, a possible explana-
tion for the relationship of visceral adiposity with this
deteriorated profile is the differentiated metabolic behav-
ior of the visceral adipose tissue. This tissue is more sen-
sitive to lipolysis than the subcutaneous adipose tissue,
which leads to increased levels of free fatty acids in the
liver and resistance to insulin (Després et al., 2008;
Hermsdorff & Monteiro, 2004; Ribeiro Filho et al., 2006).
Furthermore, the release of higher concentrations of
adipokines linked to pro-inflammatory processes seems
to modulate the deterioration of metabolic profile
(Després et al., 2008; Hamdy et al., 2006; Hermsdorff &
Monteiro, 2004; Maury & Brichard, 2010).

Therefore, in agreement with reports showing that a
greater accumulation of visceral adiposity is one of the
central factors contributing to metabolic deterioration
(Hamdy et al., 2006; Hermsdorff & Monteiro, 2004;
Maury & Brichard, 2010), our results showed that higher
VAI is associated with the UMP, regardless of nutritional
status. Du et al. (2015) have shown that individuals with
higher VAI showed the worst metabolic profile. Ding
et al. (2015) showed that higher VAI was positively asso-
ciated with prehypertension and hypertension in both
sexes. Al-Daghri et al. (2015) verified the accuracy of the
VAI index in the prediction of cardiovascular and

metabolic risk. A study conducted with Brazilian adults
also showed that high VAI is associated with the compo-
nents of the metabolic syndrome in healthy young adults
(Schuster, Vogel, Eckhardt, Dal, & Morelo, 2014). These
findings demonstrate the applicability of VAI as an early
marker of cardiometabolic risk, and it has been demon-
strated that VAI has a better predictive capacity of this
risk than other conventional anthropometric parameters
(Ahmad & Haddad, 2015).

This study identified a direct association between
physical inactivity and increased visceral adiposity in
normal-weight individuals. In addition, an indirect asso-
ciation of physical inactivity with the UMP mediated by
visceral adiposity was demonstrated. These findings sup-
port the role of physical exercise in the reduction of vis-
ceral obesity, and the contributions of inactivity to
increased visceral fat deposition and unfavorable meta-
bolic phenotypes. In line with our results, Molenaar
et al. (2009) showed that higher levels of physical activity
are inversely associated with the volume of visceral adi-
pose tissue. These authors state that physical activity can
positively affect both subcutaneous and visceral adipose
tissue. Similarly, Pitanga et al. (2014) found an inverse
association between walking and moderate physical
activities and visceral adiposity.

Evidence from the literature indicates that a less
active lifestyle promotes greater susceptibility to positive
energy balances, favoring fat accumulation. However, it
is not yet clear whether the lack of physical activity selec-
tively increases visceral fat deposition (Tchernof &
Després, 2013). On the other hand, exercise is known to
increase catecholamine levels, which have effects on adi-
pocyte lipolysis through beta-adrenergic receptors (stimu-
lation) and alpha-adrenergic receptors (inhibition)
(Martin, 1996). In addition, catecholamines have more
active lipolytic activity in visceral adipose tissue than in
subcutaneous tissue, which may justify a possible prefer-
ential loss of visceral fat induced by exercise
(Martin, 1996; Richelsen, 1986). Balducci et al. (2015)
studied the effect of supervised training on liver enzymes,
VAI, and liver fat index in diabetic individuals and
showed that the last two were significantly lower among
individuals with higher training volume.

In this study, no association was detected between
physical inactivity and increased visceral adiposity
among overweight individuals; consequently, the mediat-
ing effect of visceral adiposity was not statistically signifi-
cant. This result does not agree with the report of
McGrath et al. (2017), who found a significant association
between moderate or vigorous physical activity and mea-
sures of abdominal adiposity among middle-aged African
American obese individuals. It is possible that the lack of
relationship between physical inactivity and abdominal
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adiposity among obese individuals in the present study
can be explained, at least partially, by the presence of
reverse causality. Data on physical activity referred to the
week prior to the interview, disregarding the participants'
physical activity history. It is believed that overweight
individuals tend to change their behaviors with the goal
of reducing body adiposity, even increasing physical
activity, but this trend is less likely among normal-weight
individuals (Souza et al., 2010). Another possibility is that
the information reported by the obese individuals under-
estimate their physical inactivity, as this is not a desirable
behavior (World Health Organization, 2009), and the
same occurring with energy intake, which is often under-
reported by these individuals (Avelino, Previdelli, de Cas-
tro, Marchioni, & Fisberg, 2014; Pomerleau, Østbye, &
Bright-See, 1999).

Regarding the relationship between schooling level and
leisure-time physical inactivity, there is evidence that higher
levels of education are positively associated with the perfor-
mance of leisure-time physical activity, both in high-income
countries (Camões & Lopes, 2008; Federico, Falese, Mar-
andola, & Capelli, 2013) and in middle-income countries
(Costa et al., 2010; Gomez, Duperly, Lucumi, Gamez, &
Venegas, 2005; Jurakic, Pedisic, &Andrijasevic, 2009). These
findings allow us to infer that, as individuals with higher
education usually have a higher income and better jobs, they
would also have more access to physical activity facilities, as
well as more opportunities for it. Thus, education is an
important marker of socioeconomic status and plays an
important role in the health conditions of the population,
since it can influence people's lifestyle (Braveman &
Gottlieb, 2014; Liberatos, Link, & Kelsey, 1988).

However, the association between schooling and obe-
sity was shown to vary between different populations and
according to gender, with an inverse relationship
observed only in women (Dinsa, Goryakin, Fumagalli, &
Suhrcke, 2012; Ruderman et al., 2019). However, other
studies have demonstrated the positive association
between low schooling level and abdominal adiposity in
both sexes (Nienaber-Rousseau et al., 2017; Oliveira
et al., 2007; Vernay et al., 2009).

In this study, we found an important indirect effect of
schooling on the UMP among individuals with normal
weight, which was mediated by physical inactivity and
visceral adiposity. Thus, the influence of schooling must
be evaluated considering the other factors studied
together. As discussed earlier, it is known that schooling
has a direct influence on health-related behaviors and
may indirectly influence the occurrence of the UMP
(Knuth et al., 2011; Moura & Masquio, 2014). However, it
would be overly simplistic to attribute the influence on
the metabolic profile of an individual solely to schooling,
because the relationships between the conditions that

may promote changes in this profile, such as socioeco-
nomic status, lifestyle, and adiposity are complex and
interchangeable.

In addition to the indirect effects observed in this
study, research conducted with a non-institutionalized
American civilian population found that abdominal obe-
sity played a mediating role in the relationship among
physical activity, inappropriate diet, hypertension, and
the prediabetic state, having still a strong direct effect on
prediabetes. The indirect effect of socioeconomic status
was also detected on the variable hypertension mediated
by physical activity (Bardenheier et al., 2013). Similarly, a
study developed with a South African population using
structural equation analysis found that each year of
schooling was associated with declines of 0.29 mm Hg in
SBP and 0.12 mm Hg in DBP. In addition, physical exer-
cise, alcohol use, smoking, resting heart rate, and BMI in
men played a mediating role in the relationship between
socioeconomic status and blood pressure (Cois &
Ehrlich, 2014). BMI was a strong mediator of an indirect
adverse effect of socioeconomic status on blood pressure
in both sexes as well (Cois & Ehrlich, 2014). In addition,
these authors found a direct association with aerobic fit-
ness and an indirect association with physical activity via
aerobic fitness in the metabolic syndrome and inflamma-
tion as early as in adolescence, thus showing the impor-
tance of regular physical activity from the early stages of
life (Countryman et al., 2013). Although these studies
have not stratified the sample according to nutritional
status, they showed a mediator effect as our study does.

As highlighted previously, in this study the mediating
role of visceral adiposity on UMP was significant only
among normal-weight individuals and not among over-
weight individuals, which is explained by the fact that
physical inactivity and VAI were not significantly associ-
ated in these subjects.

In addition to the possible explanations presented for
the absence of this association, another factor to be consid-
ered is the possibility of insufficient statistical power among
overweight individuals, because the number of overweight
individuals surveyed was smaller (n = 332) than the num-
ber of normal-weight individuals (n = 522). Since the strati-
fied analyses were not considered for the sample size
calculation, we recognize that the power of the study may
not have been sufficient to identify any association.

Finally, our work has several limitations that need to
be considered. First, because it is a cross-sectional study,
the temporality of the associations cannot be assured and
the presence of reverse causality cannot be ruled out and,
second, the lack of information on the individuals' physi-
cal activity levels, as discussed previously. A direct evalu-
ation of the participants' physical activity level would
provide a more accurate and valid measure of this
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variable. Despite this, the use of an internationally vali-
dated questionnaire has minimized these weak points.
Finally, while VAI is a good indicator of visceral adipos-
ity, collecting biochemical data along with anthropomet-
ric data can be difficult and more expensive for large-
scale studies, but less expensive than studies that use
magnetic resonance imaging, the gold standard for this
purpose. The strengths of our work lie in the methodo-
logical rigor in the data collection, the fact that it is a
population-based study, and the analytical strategy that
allowed the simultaneously evaluation of multiple rela-
tionships between the variables studied.

5 | CONCLUSIONS

Our results provide evidence that visceral adiposity, being
identified by the VAI index, has a direct effect on the
UMP, regardless of nutritional status. In addition, a
mediating effect of VAI was observed on the relationship
between schooling level, physical inactivity, and UMP in
normal-weight individuals.

Understanding the mechanisms that modulate the
metabolic deterioration in humans will help improve the
effectiveness of policies and programs to control diseases
and improve the metabolic profile of adults. Our findings
reinforce the applicability of VAI as a measure of visceral
adiposity and cardiometabolic risk, which can be used in
epidemiological studies and clinical practice. They also
reaffirm the importance of assessing visceral adiposity in
the identification of individuals at cardiometabolic risk.

The implications of the results of this study to public
health point to the need to implement programs and poli-
cies to encourage physical activity that consider the socio-
economic differences of the population. Interventions in
public environments that allow the provision of easily
accessible sports facilities and proper guidance, especially
among those with low educational level, can lead to a
decrease in the population's physical inactivity rates and,
consequently, the cardiometabolic risk.
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