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Abstract

The aim of this study was to evaluate the differences in the metabolic profile and body composition of monozygotic (MZ) twins concordant
and discordant for the practice of physical exercise. The sample consisted of 92MZ twins (72.5% female and 27.5%male, mean age 25.4 ± 5.69
years), registered with the Brazilian Registry of Twins, residing in Natal, Brazil. Data collection was carried out between the years 2016 and
2018. On day 1, subjects underwent a whole-body fitness evaluation, including measures of weight, height, body composition by Dual-Energy
X-ray Absorptiometry and the Cardiorespiratory Exercise Test. On day 2, 10ml blood samples were collected (overnight fasting) to determine
the lipid profile and fasting glucose. The sample was separated into three groups: Active Concordant twins (Concordant A, n= 44 subjects),
Inactive Concordant twins (Concordant I, n= 22 subjects) and Discordant pairs for Physical Exercise (Discordant PE, n= 26 subjects). The
results demonstrated a difference between the discordant twins for exercise and also between the active versus sedentary groups, indicating a
causal effect of exercise on the fat percentage, maximum oxygen consumption (VO2max) and second ventilatory threshold variables. Between
groups, a difference was also observed between the groups in ventilatory threshold, very low-density lipoprotein and triglycerides. We con-
cluded that, regardless of genetics, the practice of physical exercise was sufficient to generate alterations in body composition and VO2max in
MZ twins, but not in the lipid profile or fasting glucose.
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An active lifestyle promotes improvements in physical fitness and
health (Ekelund et al., 2012; Jermendy et al., 2011). Modification of
these variables is among the goals of most physical exercise practi-
tioners (Patel & Abate, 2013; Silva et al., 2012). However, improve-
ment and relief of symptoms in response to exercise vary
substantially between individuals, and this interindividual variabil-
ity is supported, in part, by genotypic differences (Dias et al., 2011).
This makes studies with twins an important tool, since each mono-
zygotic (MZ) pair comes from a single zygote and the twins present
genetically identical elements (Neale & Maes, 1992), reducing
genotypic differences in phenotypic responses and making it pos-
sible to identify variations between individuals caused by physical
exercise.

Cardiorespiratory fitness is seen as a variable with significant
genetic effects (50%−67%; Bouchard et al., 1999; Miyamoto-
Mikami et al., 2018); however, it is also influenced by factors such
as age, sex and level of physical activity (Queiroga et al., 2013).
There is evidence that the best cardiorespiratory fitness caused
by physical exercise exhibits a dose-response relationship, imply-
ing improvements in the lipid and glycemic profiles and body

composition, as well as generating general health benefits (Dias
et al., 2011; McKinney et al., 2016; Oliveira et al., 2014).
Queiroga et al. (2013) demonstrated that MZ twins discordant
for cardiorespiratory fitness presented differences in glycemic
metabolism, regardless of genetic factors. However, despite the sig-
nificant number of studies that have analyzed these factors, few
studies have used twins discordant for physical exercise and evalu-
ated the effects on metabolic risk factors (Queiroga et al., 2013).

Therefore, the aim of the current study is to investigate
differences in the metabolic profile and body composition of adult
MZ twins who are concordant and discordant for physical exercise.

Methods

Sample

The nonprobabilistic sample was obtained from twins registered at
the I Twin Festival of Rio Grande do Norte, held in 2016 at the
Federal University of Rio Grande do Norte, in partnership with
the Brazilian Twin Registry (Ferreira et al., 2016). Individuals with
physical disabilities or musculoskeletal limitations that prevented
walking or running, subjects on obesity-related drug treatment,
twins of different sexes and individuals with positive responses
to the Physical Activity Readiness Questionnaire (PAR-Q;
Warburton et al., 2011) were excluded from the study.
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Given the exclusion criteria, a sample of 92 MZ twins was used
(72.5% female and 27.5% male, mean age 25.4 ± 5.69 years).

After signing the Informed Consent Form, an anamnesis ques-
tionnaire was applied to analyze health status and pre-existing dis-
eases, and the PAR-Q to analyze readiness to perform physical
activities. To determine the practice of physical exercise, the pairs
of twins answered a previously prepared questionnaire with infor-
mation on physical exercise. Twins with more than 1 month of
regular practice of any sport or recreational modality (e.g., weight
training, running, cycling and working out in gyms) were consid-
ered active. Twins considered inactive did not exercise at all or
exercised with a frequency below 2 days a week. From this infor-
mation, the sample was separated into three groups: Active
Concordant twins (Concordant A) where both siblings are active;
Inactive Concordant twins (Concordant I) where both siblings are
sedentary and Discordant Pairs for Physical Exercise (Discordant
PE) where one sibling is active and the other sedentary. Zygosity in
twins was determined using a validated zygosity questionnaire with
93.3% accuracy (Ooki & Asaka, 2004).

Physical Assessment

The subjects were instructed not to drink caffeine or alcohol-based
drinks on the day of the tests, to consume a light meal 2 h before the
test and to avoid vigorous physical efforts the day before the tests.
All tests were applied in the laboratory at a temperature main-
tained between 20°C and 25°C.

On day 1, subjects underwent a whole-body fitness evaluation,
including measures of weight, height and body composition, using
Dual-Energy X-ray Absorptiometry (Marfell-Jones et al., 2006),
through which we evaluated the percentage of android fat (%
AF), percentage of gynoid fat (% GF) and percentage of total fat
(% TF).

A Cardiorespiratory Exercise Test was also applied, adopting a
ramp protocol with an initial speed of 3 km/h for sedentary indi-
viduals and 4 km/h for physically active subjects and 0% incline.
Speed and incline were gradually increased during the test up to
the subject’s voluntary resignation. All tests lasted between 8
and 12 min (Guazzi et al., 2016).

Ventilatory variables were measured using a metabolic gas ana-
lyzer (model Metalyzer 3B, MICROMED®), using the breath-by-
breath method with a 10-s window for later analysis using the
Metasoft program. The Cortex unit was calibrated by the
closed-loop method, using calibration gas (original 16% O2 and
5% CO2 cylinder, supplied by the manufacturer), which allowed
a new calibration before each test. The characterization of the test
as maximum effort was adopted from the acceptance of, at least,
three of the following criteria: (a) voluntary exhaustion; (b) maxi-
mum heart rate (HR) reached at least 90% of that predicted for age
(220 age); (c) respiratory exchange ratio >1.1; (d) maximum oxy-
gen consumption, observed by the plateau concept, when the VO2

stabilizes without a difference of ≤150 ml/kg per min between the
values of the last 30 s of the test, or the VO2 peak was considered
maximum when the plateau did not occur (Nelson & Asplund,
2016; Thompson et al., 2013). The ventilatory thresholds of each
patient were determined using the V-slope method (Binder
et al., 2008).

On day 2, 10ml blood samples were collected (overnight fasting)
to determine the serum fasting glucose (GLU), total cholesterol
(COL), high-density lipoproteins (HDL), very low-density lipopro-
tein (VLDL), low-density lipoprotein (LDL) and triglycerides (TG).
All dosages were performed using enzymatic-colorimetric assays

and commercial kits (Labtest Diagnóstica-SA®) in Bio 2000 equip-
ment (Bioplus®.Barueri/SP). The concentrations of LDL and VLDL
cholesterol were obtained by applying the Friedewald formula
(Friedewald et al., 1972).

Statistical Analysis

In the Concordant A and Concordant I groups, the intrapair mean
within each group was calculated and the difference between the
groups was verified by the analysis of variance test (p < .001).
In the discordant PA group, the Wilcoxon test (p < .05) was
applied for intrapair analysis, that is, comparing the active twin
versus the inactive twin.

To verify data reliability, Spearman’s intrapair correlation of the
MZ twins was also performed, separated into concordant and dis-
cordant. We used the Cohen parameter (Cohen, 1992), assuming
r= .10−.29 (weak correlation), r= .30−049 (moderate correlation)
and r = .50−1 (strong correlation).

Cardiorespiratory fitness can be classified into levels, as indi-
cated by the American College of Sports Medicine (ACSM;
Thompson et al., 2013). In the present study, we classified the sam-
ple according to the categories poor, regular and good cardiorespi-
ratory fitness (Thompson et al., 2013), after which the chi-square
test and Spearman’s correlation were applied between the categori-
cal variables, level of cardiorespiratory fitness and physical exercise
(active and sedentary). All analysis was conducted using the stat-
istical program SPSS®, version 20, and the normality and homosce-
dasticity of the data distribution were verified by the Shapiro–
Wilk test.

Results

The results are shown in Table 1, separated by groups (Concordant
A, Concordant I and Discordant PE). Intrapair differences were
observed in discordant twins (Active twin vs. Inactive twin) and
between groups (Concordant A vs. Concordant I) for the variables
body composition andmetabolic profile, including maximum oxy-
gen consumption (VO2max), oxygen consumption corresponding
to the first and second ventilatory thresholds, lipid profile and fast-
ing blood glucose (see Table 2).

An association was found between the level of cardiorespiratory
fitness and the practice of physical activity (see Table 3). Of the
twins who were active, 51.1% presented regular or good cardiore-
spiratory fitness and 37% regular or poor cardiorespiratory fitness.
Of those who were sedentary, 35.8% presented poor or regular
fitness.

Discussion

In our findings, the practice of physical exercise was shown to be an
important component of interindividual differences for the per-
centages of body fat (%AF, % GF and % TF), demonstrated by
the intrapair differences in the discordant twins for physical exer-
cise and by the difference between the active twin group and the
inactive twin group, indicating a causal effect of the practice of
physical exercise. Thus, we can infer that genetics does not guar-
antee equivalence of MZ twins with respect to percentage of body
fat as a consequence of physical exercise. Previous studies indicate
heritability of body fat measures with significant genetic effects
(58%–86% of heritability; Hopkins et al., 2010; Mustelin et al.,
2011; Oliveira et al., 2014). However, the current study demon-
strates that physical exercise is able to generate changes regardless
of genetics. This occurs because the practice of physical activities is
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able to modify the action of the genes responsible for the predis-
position to obesity (Graff et al., 2011).

Thus, it is important that physical activity is encouraged in the
population to facilitate alterations in the percentage of body fat, as
well as to improve other aspects of physical health. Since the dis-
tribution of body fat is related to the risk of developing cardio-
vascular diseases (Despres et al., 2008), as well as dyslipidemia
and insulin resistance, among other comorbidities that are asso-
ciated with elevated body fat (Berntzen et al., 2018; Ji et al., 2014;
Lundbom et al., 2016; Rottensteiner et al., 2016). Studies with
pairs of MZ twins discordant for physical activity (Bathgate
et al., 2018; Rottensteiner et al., 2016) found that the inactive
twins presented markedly higher percentages of body fat and
fat mass than their active twins. In addition, a low level of physical
activity is associated with high BMI and fat percentage
(Silventoinen et al., 2009). Thus, individuals with a higher genetic
risk for obesity benefit from increased physical activity
(Hasselbalch et al., 2010; Segal et al., 2009; Silventoinen et al.,
2009; Waller, 2010a).

The VO2 at the ventilatory threshold (threshold 1) did not dem-
onstrate any difference in the discordant PA; that is, the practice of
physical exercise was not enough to generate intrapair differences
at this exercise intensity. This behavior suggests a possible effect of
heritability on this variable, as indicated in previous studies
(Feitosa et al., 2002; Gaskill et al., 2001), where the ventilatory
threshold was shown to have a heritability of 54% and 58% for
Black and White sedentary individuals, respectively, adjusted for
age and body mass; however, this genetic influence does not seem
to influence the training of the ventilatory threshold.

At the anaerobic threshold (threshold 2), there was a difference
both in the concordant and in the discordant PA groups; that is, the
practice of physical exercise generated intrapair differences in indi-
viduals genetically equal at this exercise intensity. Threshold 2 is an
anaerobic phase of effort and is modified by interventions. In addi-
tion, other factors can influence this component, such as the type of
physical activity, intensity, duration of effort and types of muscle
fibers (Binder et al., 2008; Guazzi et al., 2016; Thompson et al.,
2013); however, these variables were not controlled in the current
study.

The VO2max presented differences in all groups, suggesting
that regardless of genetics, this variable can be modified by the
practice of physical exercise. Further, as physical inactivity also
promotes changes, generating loss in cardiorespiratory fitness,
having ‘privileged’ genetics does not guarantee good VO2max lev-
els. Physical inactivity, in addition to all the health hazards (Waller,
2010b), will not maintain inherited levels of cardiorespiratory
fitness. Therefore, it is essential to stimulate physical activity so
that the aerobic component is also developed, as good levels of
aerobic conditioning are associated with a reduction of chronic dis-
eases, in addition to promoting healthy cognitive and psychosocial
function (McKinney et al., 2016).

Cardiorespiratory fitness demonstrated a significant associa-
tion with the practice of physical exercise (p = .001), confirming
the development of the aerobic component. In our data, of the
twins who were active, 37% presented with regular or weak cardio-
respiratory fitness, indicating that they were insufficiently active to
perform physical activities, with little use of the aerobic component
to generate the necessary gains for good cardiorespiratory fitness.

Table 1. Differences in body composition and metabolic variables in pairs of monozygotic twins concordant and discordant for physical activity
expressed as mean ± standard deviation

Concordant A (n= 44 subjects) Concordant I (n= 22 subjects)

p**

Discordant PE (n= 13 pairs)

p*Active twins group Inactive twins group Active twin Inactive twin

Age 25.9 ± 6.3 25.6 ± 4.8 23.8 ± 4.1

Body composition

Weight (kg) 62.9 ± 12.1 70.9 ± 24.7 .08 69.1 ± 13.5 70.9 ± 19.5 .35

% AF 24.7 ± 9.1 39.2 ± 11.7 .001 31.8 ± 10.7 35.7 ± 10.1 .03

% GF 32.3 ± 7.9 43.9 ± 6.9 .001 33.7 ± 9.6 36.9 ± 8.2 .01

% TF 28.3 ± 7.1 39.1 ± 8.3 .001 30.5 ± 7.9 33.5 ± 6.9 .02

Cardiorespiratory variables

VO2L1 20.9 ± 5.5 15.9 ± 2.9 .001 18.9 ± 2.9 18.2 ± 3.8 .54

VO2L2 34.8 ± 6.8 25.0 ± 5.3 .001 33.7 ± 7.6 28.9 ± 5.5 .01

VO2Max 36.9 ± 6.6 27.2 ± 6.2 .001 37.0 ± 7.4 30.9 ± 4.9 .001

Metabolic variables

COL 167.6 ± 33.9 167.3 ± 48.0 .98 156.1 ± 44.4 163.2 ± 41.8 .08

HDL 49.4 ± 22.8 48.1 ± 14.6 .81 38.6 ± 14.1 38.2 ± 13.2 .86

VLDL 14.2 ± 6.8 21.4 ± 13.5 .01* 17.6 ± 7.8 24.8 ± 18.4 .07

LDL 104.0 ± 34.6 97.8 ± 42.3 .55 99.9 ± 41.0 100.2 ± 34.6 .60

TG 73.4 ± 35.4 102.7 ±70.5 .03* 87.9 ± 39.2 123.9 ± 91.9 .07

GLU 85.4 ± 8.9 86.5 ± 11.6 .69 90.2 ± 10.5 95.1 ± 23.9 .69

Concordant A, Active Concordant twins; Concordant I, Inactive Concordant twins; Discordant PE, Discordant pairs for physical exercise; % AF, percentage of android fat;
% GF, percentage of gynoid fat; % TF, percentage of total fat; VO2L1, Maximum oxygen consumption corresponding to the first ventilatory threshold (ml/kg per min); VO2L2,
maximum oxygen consumption corresponding to the second ventilatory threshold (ml/kg per min); VO2Max, maximum oxygen consumption (ml/kg per min); COL, total
cholesterol; HDL, high-density lipoproteins; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; GLU, fasting glucose.
**p ≤ .001; *p ≤ .05.
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The ACSM (Thompson et al., 2013) argues that healthy adults
should achieve an energy expenditure equivalent to 150 min/week
of moderate intensity aerobic activity; 75 min/week of vigorous
intensity aerobic activity; or a combination of the two, to obtain
substantial health benefits. These guidelines indicate a cause-effect
relationship, detailing that additional health benefits are obtained
with 300 min/week or more of moderate intensity aerobic activity.

In the present study, the practice of physical exercise was not
enough to generate intrapair changes in the lipid profile and fasting
glucose, demonstrated in the discordant PA pairs, suggesting that
the components inherited or shared between the twins may influ-
ence the behavior of the lipid profile and fasting blood glucose.

Corroborating these results, Marson et al. (2016) observed that
physical training in general was not associated with a reduction
in fasting blood glucose levels, but rather was associated with
reductions in fasting insulin levels, a variable not analyzed in
the current study. In addition, other lifestyle factors (e.g., age,
sex, diet, smoking, drinking and obesity; Bogl et al., 2019) are
responsible for modifying these variables.

However, concordant A versus concordant I groups presented
differences in VLDL and TG, with lower values in the active group,
suggesting that physical exercise has an effect on these variables.
This behavior was also demonstrated in the study by Bathgate
et al. (2018), where the trained MZ twin presented lower COL,
LDL, TG and plasma glucose levels when compared to the
untrainedMZ twin. Therefore, an active lifestyle and healthy habits
may be able to modify the action of the genes responsible for the
predisposition to obesity and cardiovascular risk (Graff
et al., 2011).

Despite the indications of modifications in the lipid profile and
fasting glucose due to exercise (McKinney et al., 2016), the varia-
bles COL, HDL, LDL and GLI did not present differences in any
group analyzed. As the current work deals with genetically identi-
cal individuals, we can infer that heritability or shared genetic fac-
tors have an influence on these variables and it is not possible to
observe the effect of exercise on them. Corroborating these data,
the serum levels of GLU, COL, HDL cholesterol and LDL choles-
terol are strongly influenced by genetic factors with 55%–64% of
heritability, even after adjustment for sex and age (Borges et al.,
2018; Chen et al., 2004; Jedrusik et al., 2003).

The metabolic and body composition differences in the MZ
twins from physical exercise, presented in this study, prove that
physical exercise stands out from the heritability of these compo-
nents through positive changes in the cardiorespiratory compo-
nent and in the percentage of body fat. These alterations can
occur in different proportions, which corroborates biological indi-
viduality (Thompson et al., 2013), and confirm that the response to
exercise can vary substantially between individuals. Therefore,
physical training for benefits of body composition and gains in car-
diorespiratory fitness needs to be individualized, even in twins, as
the environment generates different responses in genetically sim-
ilar people.

We conclude that based on the practice of physical exercise, MZ
twins present differences in % AF, % GF and % TF, as well as in
VO2max and in the second ventilatory threshold. However, the
practice of physical exercise was not enough to generate alterations
in the lipid profile or fasting glucose, regardless of genetics.
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Table 2. Intrapair correlations of monozygotic twins for body composition and
metabolic profile variables, separated into concordant and discordant, for
physical exercise

Concordant
(66 subjects)

Discordant
(26 subjects)

r(s) P r(s) p

Body composition

Weight (kg) .94 .001 .97 .001

% AF .79 .001 .84 .001

% GF .92 .001 .98 .001

% TF .88 .001 .77 .002

Cardiorespiratory variables

VO2L1 .48 .005 .17 .57

VO2L2 .80 .001 .66 .01

VO2Max .91 .001 .79 .001

Metabolic variables

COL .82 .001 .89 .001

HDL .77 .001 .91 .001

VLDL .71 .001 .86 .001

LDL .73 .001 .87 .001

TG .75 .001 .86 .001

GLU .72 .001 .76 .003

% AF, percentage of android fat; % GF, percentage of gynoid fat; % TF, percentage of total fat;
VO2L1, maximumoxygen consumption corresponding to the first ventilatory threshold (ml/kg
per min); VO2L2, maximum oxygen consumption corresponding to the second ventilatory
threshold (ml/kg per min); VO2Max, maximum oxygen consumption (ml/kg per min); COL,
total cholesterol; HDL, high-density lipoproteins; VLDL, very low-density lipoprotein; LDL, low-
density lipoprotein; TG, triglycerides; GLU, fasting glucose.
Note: r(s), Spearman correlation; r = .10−.29 (weak correlation); r = .30−.49 (moderate
correlation); r = .50−1 (strong correlation). p ≤ .001.

Table 3. Association between cardiorespiratory fitness level and physical
exercise in monozygotic twins

Cardiorespiratory fitness level

Total (%) p ValuePoor (%) Regular (%) Good (%)

Active 8.70 28.30 22.80 59.80 .001*

Sedentary 21.70 14.10 4.40 40.20

Total 30.40 42.40 27.20 100.00

Note: *Spearman’s correlation (p < .05); N= 92 monozygotic twins.
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