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Obectives: Irisin is a myokine with a potential role in cardiometabolic diseases, but previous studies have
described inconsistencies between serum irisin and physical activity (PA). Our aim was to analyze the
relationship between serum irisin and leisure-time PA (LTPA) in a large sample of the general adult
population, and secondarily, to evaluate its relationship with two PA-related biomarkers (HDL cholesterol
and resistin).
Design: A cross-sectional study was nested in the “CDC of the Canary Islands” cohort participants
(n ¼ 3827, 18e75 years, 60% women).
Methods: PA was collected by administering the Minnesota leisure-time physical activity questionnaire,
and physical examination and blood tests (irisin, resistin, HDL-cholesterol) were performed.
Results: Irisin inversely correlated with BMI (p < 0.001 in women) and resistin (p ¼ 0.038 in women,
p ¼ 0.004 in men), and directly with HDL cholesterol (p < 0.001in women). There was a direct association
of irisin with leisure-time and energy expenditure in light, moderate and vigorous LTPA, which was
stronger in women than men. The distribution of leisure-time and PA variables across irisin quintiles
showed a significant trend, except for light LPTA in men. Adjusting for age, sex and BMI, the association of
irisin with leisure-time and LTPA variables was stronger than the association of these variables with
resistin and HDL cholesterol, reaching the strongest association for irisin with the 80th percentile of time
of LTPA (OR ¼ 2.57; 95% CI ¼ 2.00e3.31).
Conclusions: There is a direct and independent association between serum irisin levels and LTPA in the
general adult population, which is stronger than other biomarkers of PA. Findings on exercise-related
irisin support the possibility of irisin health benefits.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Physical inactivity contributes to the global noncommunicable
disease epidemic because almost one in three adults are physically
inactive.1 There is a widespread public health policy and scientific
consensus that regular physical activity (PA) is an essential
component of successful ageing. It has been reported that
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prolonged sedentary leisure-time is associated with a significantly
decreased survival time.2 PA is also associated with a lower risk of
all-cause mortality; the greater the intensity of PA, the lower the
risk.3 This capacity is partly mediated by the secretion of myokines,
whose synthesis and release is promoted by the activation of
skeletal muscle during exercise.4

Irisin is a myokine which was only discovered a decade agowith
thermogenic and energy expenditure regulating capacity4; it is
released from myocytes during PA, and it can be considered as a
link between muscles and other tissues and organs.5 As a mediator
of PA, irisin binds to adipose tissue and induces the browning of
it.4,6 The association of this myokinewith a lower risk of developing
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obesity-related conditions has been described, such as arterio-
sclerosis, insulin resistance, and type 2 diabetes.6

Irisin, with its beneficial and pleiotropic properties, may be a
potential biomolecule to promote health and prevent or treat some
diseases,5 but some findings on the effect of exercise and PA on
serum irisin levels have been inconsistent. The effect of exercise on
irisin has been reported,7 and this might be affected by training
mode,8,9 but other studies did not find any effect.10 These contro-
versial findings may be due in part to the fact that most of the
studies have only analyzed small samples.

Regarding PA, to our knowledge there are no studies of the
relationship between irisin and the intensity of PA in men and
women in a large sample of the general population. One study
described the association of irisin with habitual PA in 858 in-
dividuals, but it did not analyze the results by sex or intensity of
PA.11 However, another study analyzed data of 300 participants and
concluded that serum irisin concentration was not related to
measures of PA and physical fitness in healthy humans under
resting conditions.12

Focusing on leisure-time physical activity (LTPA) could provide
an accurate view of association between irisin and PA in the real-
life conditions of most people compared to clinical trials with
short-term and tailored exercise programs. This approach could
overcome the lack of scientific data on irisin association with well-
known PA-related biomarkers, such as high density lipoprotein
(HDL) cholesterol13 and resistin.14 Given that PA can have signifi-
cant anti-inflammatory effects depending on the type of exer-
cise,15,16 the relationship between irisin, types of PA and known
biomarkers of PA and inflammation - such as resistin - is a poten-
tially productive area for research. This raises the possibility that
studies in large population-based samples may provide conclusive
evidence of the relationship between LTPA and irisin levels in
people with different levels of PA (light, moderate or vigorous lei-
sure time activities).

Therefore, the first aim of this study was to analyze the rela-
tionship between serum irisin levels and LTPA in a large sample of
the general adult population, and the second aim was to compare
this relationship with well-known PA-related variables such as HDL
cholesterol and resistin. We hypothesized that serum irisin should
be directely related to LTPA at least as strongly as resistin
(inversely) and HDL-cholesterol (directely) do.

2. Methods

2.1. Design and participants

This is a cross-sectional study of the general adult population
cohort called “CDC of the Canary Islands” (CDC means Cardiovas-
cular, Diabetes, Cancer). This cohort consists of a random sample
from the adult population of the Canary Islands (Spain): 6729
participants (18e75 years, 45% men and 55% women). A randomly
selected subsample (n ¼ 3827 participants) of the cohort was
analyzed for this study. They were recruited during the period
2000e2005, and have been followed up until the present. All par-
ticipants gave their informed consent and the project was evalu-
ated and approved by the Ethics Committee of the University
Hospital Nuestra Se~nora de Candelaria.

2.2. Measurements

The methodology was described in detail.17 Briefly, each
participant underwent a physical examination (BMI, was obtained
after weighting and measuring the height of the participants, and
expressed in kg/m2), and trained interviewers administered an
extensive questionnaire about their lifestyle (such as smoking,
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alcohol use, PA, diet, etc.). Furthermore, a fasting venous blood
sample was extracted to determine biochemical parameters (such
as serum lipids, blood glucose levels, etc.) and serum aliquots were
stored at �80 �C. HDL cholesterol concentrations were recorded for
all participants within 24 h after the blood was obtained, and
measurements were made with a Hitachi1 917 autoanalyzer and
expressed as mg/dL.

As mentioned above, serum samples were frozen and stored
at�80 �C, and a serum aliquot was later thawed in 2012 tomeasure
resistin by enzyme linked immunosorbent assay (ELISA), which
was expresed in ng/mL (Bio-Vendor, Heidelberg, Germany;
between-assay coefficient of variation, 7.72%; within-assay coeffi-
cient of variation, 2.22%).

A new serum aliquot was thawed in 2021 to determine irisin
concentration; ELISA kits (RAG018R. BioVendor, Brno, Czech Re-
public) were also used and the results refer to the standard used by
the manufacturer and are expressed in mg/mL. The samples were
run diluted so that the irisin concentration was within the assay
range (0.001 mg/mL - 5 mg/mL). The intra-assay and inter-assay
coefficients of variation were 20.2% and 35.1%, respectively. In or-
der to obtain these values, a serum pool of 600 participants from
the autoimmunity laboratory was prepared, which were aliquoted
and kept at �80 �C until use. The determinations were performed
with a Triturus autoanalyzer (Grifols, Barcelona, Spain), in the
Immunology laboratory. For funding reasons, irisin measurements
were not taken for the entire cohort participants (n ¼ 6729), but in
a subsample of it (n ¼ 3827).

Participants were interviewed to obtain responses to a ques-
tionnaire on their health-related antecedents. Data on LTPA were
recorded with the Spanish version of the Minnesota Leisure-Time
Physical Activity Questionnaire.18 This was described in detail.19

Each PA reported by the participants was assigned a metabolic
equivalent task (MET) score which expresses its intensity based on
the ratio between the metabolic rate during activity and the basal
metabolic rate. One MET reflects an individual's energy consump-
tion at rest, equivalent to approximately 1 kcal (4.184 kJ) per kg
body weight per hour.20 Measurements of MET during leisure-time
did not consider usual housework activities. Weekly total leisure
time was calculated, and hours of LTPA. PA was classified in three
categories: light (MET<3.5), moderate (MET 3.5 to 6) or vigorous
(MET>6). Energy expenditure was expressed in MET-hours per
week (MET-h/week) following the formula: Energy
expenditure ¼ intensity (MET) x weekly frequency x duration
(average time spent in each session in hours and minutes).20

2.3. Statistical analysis

Serum irisin was summarized with the mean ± standard devi-
ation for each sex. Irisin associations with leisure-time and PA
continuous variables were analyzed using the non-parametric
Spearman correlation coefficients, stratified by sex, and also par-
tial age-adjusted correlations. In addition, these associations were
explored with linear multivariate regression models adjusted for
age and sex. Furthermore, an ANOVA of the distribution of leisure-
time and PA variables across the irisin quintiles was performed, and
an analysis of trends was performed for the 80th percentile (p80)
distribution of these same variables across the irisin quintiles.

The effect of leisure-time and LTPA variables on irisin was
analyzed using logistic regression models, adjusted for age, sex and
BMI. The dependent variable was the p80 of irisin, and quintiles of
leisure-time and PA were included as independent variables; the
odds ratios (OR) and their 95% confidence intervals (95% CI) were
thereby obtained. The logistic analysis was repeated substituting
p80 of irisin for p80 of HDL cholesterol and p80 of resistin as the
dependent variable.
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All hypothesis contrast tests used were two-tailed and p-values
<0.05 were considered statistically significant. Statistical analyses
were performed using SPSS statistical software (version 26.0 for
Windows; SPSS Inc., Chicago, IL).

3. Results

3.1. Irisin and sex

Mean serum irisin levels of the 3827 participants were
35 ± 14.5 mg/mL in women, and 32.3 ± 14 mg/mL in men. In women
(n ¼ 2298), irisin inversely correlated with age (rho ¼ �0.12;
p < 0.001), BMI (rho ¼ �0.13; p < 0.001), and resistin (rho ¼ �0.04;
p ¼ 0.04), and directly correlated with HDL cholesterol (rho ¼ 0.16;
p < 0.001). In men (n ¼ 1529), irisin inversely correlated with
resistin (rho ¼ �0.08; p < 0.01), but there was no correlation with
age (rho ¼ 0.00; p ¼ 0.99), BMI (rho ¼ 0.03; p ¼ 0.30), or HDL
cholesterol (rho ¼ 0.05; p ¼ 0.08).

3.2. Irisin and PA

Table 1 shows the significant association (p < 0.001) of irisin
with total leisure-time, hours of LTPA, energy expenditure and MET
spent on the three categories of PA, even after adjusting for age and
sex. The non-parametric correlations between irisin and PA were
direct, and stronger in women than in men.

The distribution of leisure-time and the different PA variables
across the irisin quintiles is shown in Table 2. The increase in mean
levels was significant (p < 0.001) for all the analyzed variables in
women, and the results were similar in men except for the distri-
bution of MET spent on light LTPA that was not significant
(p ¼ 0.18). The trend analysis of the p80 distribution of the leisure-
time and PA variables across the irisin quintiles (supplementary
table) produced significant results (p for trend <0.001) for all of
them inwomen, while in men this was not significant for the p80 of
METs spent on light LTPA (p for trend ¼ 0.28).

Fig. 1 shows the percentage of women (p for trend<0.001) and
men (p for trend<0.001) reaching the p80 of irisin across the
quintiles of the hours of LTPA.

3.3. Irisin and PA biomarkers

Table 3 summarizes eighteen logistic models adjusted for age,
sex, and BMI, one per cell in each column: six models for p80 of
irisin, six models for p80 of HDL cholesterol, and six models for p80
of resistin. Irisin was directely associated with all the analyzed in-
dependent variables, reaching its strongest association with p80 of
time of LTPA (OR¼ 2.57; 95% CI¼ 2.00e3.31). In turn p80 of resistin
was inversely associatedwith all the variables analyzed exceptwith
p80 of METs in light LTPA, also reaching its strongest association
with p80 of time of LTPA (OR¼ 0.74; 95% CI¼ 0.63e0.87). However,
p80 of HDL cholesterol only showed an association with p80 of
METs in moderate (OR ¼ 1.29; 95% CI ¼ 1.01e1.65) and vigorous
Table 1
Partial age-adjusted correlations of irisin with leisure-time and physical activity variable
regression coefficients, adjusted for age and sex (D).

A. Irisin in all participants n ¼ 3827 B. Irisin in wom

Hours of leisure-time r ¼ 0.12; (p < 0.001) r ¼ 0.12; (p <
Hours of LTPA r ¼ 0.12; (p < 0.001) r ¼ 0.13; (p <
MET-hours/week during LTPA r ¼ 0.12; (p < 0.001) r ¼ 0.12; (p <
METs in light LTPA r ¼ 0.11; (p < 0.001) r ¼ 0.10; (p <
METs in moderate LTPA r ¼ 0.07; (p < 0.001) r ¼ 0.09; (p <
METs in vigorous LTPA r ¼ 0.07; (p < 0.001) r ¼ 0.10; (p <
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(OR ¼ 1.53; 95% CI ¼ 1.20e1.94) LTPA.
4. Discussion

The present study found a direct association of leisure-time and
PA with serum irisin in the general adult population. The associa-
tion of irisin levels were corroborated for light, moderate, and
vigorous LTPA in women, and only for moderate and vigorous LTPA
in men. Furthermore, after adjustment for age, sex, and BMI this
association between LTPA variables and irisinwas stronger than the
association between LTPA and resistin or HDL cholesterol, which
are considered as good biochemical correlates of PA.

To the best of our knowledge, this study has measured serum
irsin in the largest sample to date of adults from the general pop-
ulation. We have explored the relationship between irisin, leisure-
time, and the different domains of LTPA. The results showed the
existence of a direct correlation, whichwas stronger inwomen than
men. The analysis of variance showed a significant and growing
distribution of time and METs invested in all types of LTPA across
irisin quintiles; this association was similar in both sexes, although
significant differences were not found in men at the light level of
LTPA. This pattern was corroborated in the trend analysis of p80
values of LTPA across irisin quintiles. Previous studies on the rela-
tionship between exercise and irisin detected increases of this
myokine in aged adults when training is demanding and progres-
sive in terms of intensity21; and, as mentioned above, irisin in-
creases during high-intensity interval training in healthy young
individuals.7 Therefore, the present study corroborates this rela-
tionship not only in old or young people but in any adult age and,
furthermore, shows that the relationship of irisin is not only with
exercise but also with the PA that the population normally per-
forms in their leisure time. As frequently happens when correlating
a biomarker values with data obtained with a questionnaire the
correlation coefficients were weak, but they can no longer be
explained by chance; in addition, after categorizing the irisin values
(p80) the multivariate adjustment produced moderate and strong
odds ratios.

Several benefits have been particularly linked to LTPA compared
to other types of PA. LTPA has been associated with greater
cardiorespiratory and metabolic benefits when compared to occu-
pational PA, which would be due to the characteristics of this type
of activity: it is often high-intensity, dynamic, aerobic exercise,
performed over short periods of time and with recovery time af-
terwards.22 All this has even led to irisin being proposed as a
biomarker with potential as a predictor for vigorous-intensity PA.23

It has also been found that exercise in outdoor environments in-
duces an increase in irisin levels compared to the same exercise
practiced indoors at higher temperatures.24 These observations are
in line with the association found in the present study, because
LTPA is generally practiced mostly in an outdoor environment,
particularly in the Canary Islands, which is where the studied
population resides, and whose environmental temperature is
comfortable throughout the year.
s in all participants (A). Non parametric correlations in each sex (B. C). Standardized

en n ¼ 2298 C. Irisin in men n ¼ 1529 D. Irisin in all participants n ¼ 3827

0.001) r ¼ 0.09; (p < 0.001) r ¼ 0.11; (p < 0.001)
0.001) r ¼ 0.10; (p < 0.001) r ¼ 0.12; (p < 0.001)
0.001) r ¼ 0.09; (p < 0.001) r ¼ 0.11; (p < 0.001)
0.001) r ¼ 0.06; (p ¼ 0.02) r ¼ 0.09; (p < 0.001)
0.001) r ¼ 0.08; (p ¼ 0.003) r ¼ 0.08; (p < 0.001)
0.001) r ¼ 0.08; (p ¼ 0.002) r ¼ 0.08; (p < 0.001)



Table 2
Distribution of leisure-time, hours of leisure-time physical activity (LTPA), LTPA energy expenditure and MET spent in the three categories of PA, across irisin quintiles in
women and men. The mean with 95% CI is given.

Irisin in women (mg/mL) n ¼ 2298

Q1 Q2 Q3 Q4 Q5

16.91 (16.59e17.23) 24.99 (24.81e25.17) 32.01 (31.81e32.21) 39.99 (39.74e40.24) 56.39 (55.57e57.21)

Hours of leisure-time 0.47 (0.43e0.50) 0.48 (0.43e0.53) 0.61 (0.54e0.69) 0.63 (0.56e0.71) 0.72 (0.63e0.81)
Hours of LTPA 0.77 (0.71e0.82) 0.80 (0.73e0.88) 1.03 (0.91e1.14) 1.14 (1.00e1.27) 1.20 (1.08e1.33)
MET-hours/week during LTPA 11.00 (10.10e11.89) 11.51 (10.17e12.84) 15.17 (13.24e17.11) 15.55 (13.58e17.53) 17.91 (15.61e20.20)
METs in light LTPA 1.00 (0.92e1.08) 0.99 (0.88e1.10) 1.18 (1.03e1.32) 1.23 (1.08e1.39) 1.39 (1.21e1.56)
METs in moderate LTPA 0.48 (0.39e0.57) 0.57 (0.45e0.69) 0.80 (0.66e0.95) 0.83 (0.68e0.98) 0.93 (0.76e1.10)
METs in vigorous LTPA 0.10 (0.06e0.14) 0.17 (0.11e0.24) 0.26 (0.19e0.33) 0.28 (0.20e0.37) 0.35 (0.27e0.44)

Irisin in men (mg/mL) n¼1529
Q1 Q2 Q3 Q4 Q5
16.24 (15.86e16.61) 25.14 (24.93e25.34) 31.72 (31.50e31.94) 40.04 (39.70e40.38) 55.87 (54.69e57.05)

Hours of leisure-time 0.29 (0.24e0.33) 0.34 (0.28e0.40) 0.32 (0.25e0.39) 0.40 (0.32e0.48) 0.46 (0.36e0.56)
Hours of LTPA 0.62 (0.52e0.71) 0.79 (0.65e0.93) 0.68 (0.56e0.80) 0.87 (0.71e1.02) 1.00 (0.81e1.19)
MET-hours/week during LTPA 9.26 (7.65e10.88) 10.92 (8.87e12.96) 10.87 (8.45e13.29) 13.36 (10.59e16.13) 15.77 (11.99e19.54)
METs in light LTPA 0.13 (0.08e0.17) 0.13 (0.09e0.18) 0.16 (0.09e0.23) 0.22 (0.13e0.32) 0.21 (0.11e0.31)
METs in moderate LTPA 0.96 (0.76e1.17) 1.21 (0.95e1.47) 1.26 (0.96e1.56) 1.32 (1.01e1.63) 1.69 (1.27e2.11)
METs in vigorous LTPA 0.40 (0.29e0.51) 0.40 (0.26e0.53) 0.56 (0.37e0.76) 0.60 (0.42e0.78) 0.80 (0.47e1.13)

MET ¼ metabolic equivalent, LTPA ¼ leisure-time physical activity.

Fig. 1. Percentage of women (p for trend<0.001) and men (p for trend<0.001) reaching
p80 of irisin across the quintiles of the hours of LTPA.

Table 3
Summary of eighteen logistic models adjusted by age, sex, and BMI. Six models for irisin
ratios (95% CI) are given for different measurements of leisure and LTPA.

EXPOSURE DEPENDENT VARIABLE

Irisin p80

Leisure-time p80 2.27 (1.74e2.95)
Hours of LTPA p80 2.57 (2.00e3.31)
MET-hours/week during LTPA p80 2.17 (1.68e2.80)
METs in light LTPA p80 1.79 (1.41e2.27)
METs in moderate LTPA p80 1.49 (1.17e1.89)
METs in vigorous LTPA p80 1.69 (1.34e2.14)

*p80 ¼ 80th Percentile, MET ¼ metabolic equivalent, LTPA ¼ leisure-time physical activ
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The mechanisms by which PA can induce a change in irisin
concentration are generated by muscle contraction-promoted
overexpression of the FNDC5 gene,4 and irisin may directly
modulate muscle metabolism through AMPK activation.25 These
mechanisms are influenced by aspects related to the exercise itself,
such as type, amount, intensity, duration and environmental tem-
perature.5 As mention above, some results on the association of
exercise and PA on serum irisin have been inconsistent. This can
probably be explained by the great variation in study populations
(such as age, sex, body composition, physical fitness and health
status), exercise programs (such as endurance versus high-
intensity interval training), and the fact that most of the studies
analyzed small samples. It should be noted that most of the pre-
vious publications include clinical trials conducted on a few dozen
participants undergoing short-term physical training programmes,
althought most people in their real lives do not usually perform
such programmes or practice sport so strictly.

The serum concentration of resistin and HDL cholesterol are
known as good biochemical correlates of PA,14 which is why they
have been used here as a reference to compare the association
between serum irisin and LTPA. The association of resistin with PA
has previously been described as stronger than the association of
, six model for resistin, and six models for HDL cholesterol in all participants. Odds

DEPENDENT VARIABLE DEPENDENT VARIABLE

resistin p80 HDL-cholesterol p80

0.81 (0.69e0.95) 0.93 (0.69e1.27)
0.74 (0.63e0.87) 1.19 (0.90e1.57)
0.83 (0.71e0.98) 1.08 (0.81e1.43)
0.87 (0.74e1.02) 1.24 (0.97e1.59)
0.83 (0.71e0.96) 1.29 (1.01e1.65)
0.86 (0.75e1.00) 1.53 (1.20e1.94)

ity.
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HDL cholesterol with PA, making resistin a potentially useful
biomarker of PA.14 As expected, given the physiological origin of
both molecules, we have found an inverse correlation of irisin with
resistin in both sexes. But, regardless of the direction of such as-
sociations, it should be noted that the association of irisin with the
variables of time and intensity of LTPA was stronger than that
detected for resistin and for HDL cholesterol, which is plausible if
we consider that irisin is a myokine, that is, a direct product of
muscle.

A direct association was only detected between irisin and HDL
cholesterol in women, but it was not far from also being significant
in men. However, findings from the previous general population
study showed no association between this lipid fraction and irisin
in either men or women, despite detecting favourable associations
of irisin with the rest of the lipid profile13; the authors of this study
consider that perhaps they lacked statistical power and that studies
with larger population samples would be necessary, as is the case of
the present study.

As for the sex differences in the results of irisin with age, BMI,
HDL cholesterol, or light LTPA, a possible reason has been argued
considering the different levels of sex hormones, and the sexual
dimorphism in body composition with a higher lean and lower fat
mass in men as well as differences in transcription of FNDC5.4

Furthermore, some polymorphisms of this gene encoding irisin
appear to be associated with increased dyslipidemia in women
with diabetes but not in men.26 In addition, it has been suggested
that gender differences in the relationship between betatrophin
and irisin indicate a cytokine-mediated crosstalk between the liver,
adipose tissue and skeletal muscle.27 In any case, the cause of the
difference is not yet proven.

A possible limitation is that self-reported data on amount of PA
might introduce some memory bias. However, validated methods
were used to measure anthropometric data, biochemical variables
and PA/LTPA; measuring PA, particularly LTPA, with a validated
questionnaire is closer to the reality of daily life in the general
population.15 There is also a further limitation due to the cross-
sectional design of the present study, which impedes establishing
causal associations. The main strength of the study is that it was
conducted on a large and randomly selected sample of the general
adult population; so, it is, by some distance, the study with the
Supplementary table
Distribution of the p80 of leisure and PA variables across the serum irisin quintiles. Perc

Irisin in women (mg/mL)n ¼ 2298

Q1 Q2

Leisure-time p80 5.3 10.5
Hours of LTPA p80 4.1 10.7
MET-hours/week during LTPA p80 4.7 11.5
METs in light LTPA p80 3.6 8.5
METs in moderate LTPA p80 12.4 13.5
METs in vigorous LTPA p80 7.2 11.8

Irisin in men (mg/mL)n¼1529
Q1 Q2

Leisure-time p80 8.3 21.7
Hours of LTPA p80 7.0 18.3
MET-hours/week during LTPA p80 7.9 21.4
METs in light LTPA p80 20.2 21.7
METs in moderate LTPA p80 13.2 19.9
METs in vigorous LTPA p80 17.4 17.4

*MET ¼ metabolic equivalent, LTPA ¼ leisure-time physical activity.
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highest number of irisin determinations performed.
5. Conclusions

There is a direct and independent association between LTPA and
serum irisin levels in the general adult population, where the
amount and intensity of LTPA is concerned. The association be-
tween elevated irisin levels and LTPA was found to be independent
of age, sex and adiposity, but it seems to be stronger inwomen. The
study also corroborated a direct association of irisin with HDL
cholesterol and an inverse association with resistin, but the asso-
ciation of irisinwith LTPA is stronger than that of those biomarkers.
The findings on exercise-related irisin support the possibility of
irisin health benefits.
6. Practical implications

� There is a direct and independent association between light,
moderate and vigorous LTPA and serum irisin levels in the
general adult population.

� The association between elevated irisin levels and LTPA is in-
dependent of age, sex and adiposity, but it is stronger inwomen.

� There is a direct association of irisinwith HDL cholesterol and an
inverse association with resistin, but the association of irisin
with LTPA is stronger than that of those biomarkers.
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p for trend

Q3 Q4 Q5

19.9 26.3 38.0 <0.001
19.4 27.0 38.8 <0.001
21.4 26.6 35.9 <0.001
20.6 27.9 39.4 <0.001
23.6 23.6 26.9 <0.001
21.7 25.3 33.9 <0.001

p for trend
Q3 Q4 Q5

20.0 25.8 24.2 <0.001
18.3 27.8 28.7 <0.001
19.8 26.2 24.6 <0.001
22.9 15.9 19.4 0.28
21.3 22.1 23.5 0.001
21.1 23.7 20.5 0.003
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