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ABSTRACT
Aims/Introduction: To explore the potential role of irisin in the outcomes of newly
diagnosed prediabetes.
Materials and Methods: Data were obtained from the Guiyang subcenter of the Risk
Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal (REACTION) study. A
total of 2,530 participants had newly diagnosed prediabetes at baseline and completed
follow up. The nested 1:1 case–control study included 161 participants who developed
diabetes mellitus at follow up, and 161 age- and sex-matched controls. The follow-up
study included 86 matched case–control pairs. Fasting serum irisin levels were measured
using enzyme-linked immunosorbent assay.
Results: Baseline serum irisin levels were higher in the cases than in the controls
(P = 0.002); high baseline serum irisin levels were an independent risk factor for the devel-
opment of diabetes (odds ratio 1.235, 95% confidence interval 1.025–1.488). After adjust-
ment for age, sex, body mass index, glycated hemoglobin (HbA1c), smoking, exercise, and
family history of diabetes, subjects in the highest quartile of irisin levels had a higher risk
of diabetes than those in the lowest quartile (odds ratio 3.065, 95% confidence interval
1.511–6.218). The extent of decrease in irisin levels during follow-up was greater in the
cases than in the controls (P < 0.001). Baseline serum irisin levels were positively correlated
with the extent of decrease in irisin during follow-up (r = 0.773, P < 0.001). After adjust-
ment for confounding factors, subjects with a decrease of irisin above the median had
much higher risk for diabetes (odds ratio 5.077, 95% confidence interval 2.112–12.206).
Conclusions: Irisin might play an important role in the outcomes of newly diagnosed
prediabetes in adults in Guiyang, and can predict the risk for developing diabetes in these
individuals.

INTRODUCTION
Patients with diabetes mellitus are increasing in number in
China with the acceleration of population aging and changes in
lifestyle. Diabetes has become a severe challenge for public
health in China and around the world. The prevalence of dia-
betes in Chinese adults has risen to 11.6% according to recent
epidemiology surveys, and the prevalence of prediabetes has
reached 50.1%. It was found that one out of every four people
with diabetes around the world was Chinese1,2. If we could

identify those individuals who tend to develop diabetes and
take effective interventions, it would be possible to redress
abnormal glucose metabolism and prevent the disease.
Irisin is a kind of myokine relying on peroxisome prolifera-

tor-activated receptor-c co-activator 1a (PGC1a), which can
upregulate the expression of fibronectin type III domain-con-
taining protein 5. The FNDC5 gene encodes a protein secreted
as irisin after being proteolytically cleaved3. Many studies have
shown that irisin could increase the expression of uncoupling
protein 1, induce the browning of white adipose cells, and
increase thermogenesis and energy expenditure3,4. Furthermore,
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investigators have shown that irisin increases glucose uptake in
muscle cells, inhibits hepatic gluconeogenesis and glycogenoly-
sis, and promotes glycogen synthesis5–7. Thus, irisin is consid-
ered to be able to contribute to glucose homeostasis.
However, findings on whether irisin is related to the develop-

ment of diabetes are not consistent. Several studies showed that
circulating irisin levels in patients with diabetes were lower than
in individuals without diabetes8–11. In contrast, other studies
showed that circulating irisin levels were higher in diabetes
patients than in individuals without diabetes12–14, and were pos-
itively correlated with fasting plasma glucose levels15,16. In addi-
tion, other investigators showed that high circulating irisin
levels indicated high risks of insulin resistance and diabetes17,18,
whereas another study showed that irisin levels did not predict
the risk of diabetes19. The inconsistency of these studies high-
lights the need for a more accurate detection method for irisin
and a well-designed prospective study to ascertain its role in
the development of diabetes20. To date, there has been no study
to clarify the relationship between irisin and the outcomes of
newly diagnosed prediabetes, and whether it can be a predictor
of diabetes in these individuals. Based on this objective, the pre-
sent study includes two parts: (i) a nested case–control study,
to show the underlying role of irisin in the development of dia-
betes; and (ii) a follow-up study, to investigate the changes of
serum irisin levels in different outcomes.

METHODS
Study design
The present study was embedded in the Risk Evaluation of
cAncers in Chinese diabeTic Individuals: a lONgitudinal
(REACTION) study, which is a large community-based
prospective cohort study in people aged ≥40 years21. Our par-
ticipants came from the Guiyang research subcenter. A total of
10,140 adults were recruited from the Yunyan community,
Guiyang, China, from May to August 2011. Of those, 10,015
participants completed physical examination, laboratory mea-
surements and questionnaires including medical history, physi-
cal activities, and smoking and alcohol drinking status, and
7,570 (75.59%) of these participants were followed up in July
2014. The study was approved by the Human Research Ethics
Committee of the Affiliated Hospital of Guizhou Medical
University, and conformed to the Declaration of Helsinki. Writ-
ten informed consent was obtained from all participants.

Nested case–control study
A total of 2,530 participants were newly diagnosed with predia-
betes at baseline and completed the 3-year follow up. Partici-
pants with a history of hypertension, stroke, cardiovascular
disease, liver or kidney dysfunction, cancer, autoimmune dis-
eases, acute or chronic infection, or any medication use at base-
line were excluded. Of the remaining 1,238 participants, 169
developed diabetes at follow up. Finally, 161 participants were
included in the case group due to eight participants lacking
samples. We randomly matched a control for each case from

risk sets who had not developed diabetes at follow up. Case–
control pairs were individually matched by sex and age
(–2 years).
Diabetes was defined as fasting plasma glucose ≥7.0 mmol/L

or 2-h post-load plasma glucose ≥11.1 mmol/L. Prediabetes
included impaired fasting glucose and impaired glucose toler-
ance. Impaired fasting glucose was defined as fasting plasma
glucose 6.1–6.9 mmol/L and 2-h post-load plasma glucose
<7.8 mmol/L; impaired glucose tolerance was defined as fasting
plasma glucose <7.0 mmol/L and 2-h post-load plasma glucose
7.8–11.0 mmol/L, according to the 1999 World Health Organi-
zation criteria22,23.

Follow-up study
For 161 matched case–control pairs, those pairs were excluded
as long as one of them had cardiovascular disease, stroke,
hypertension, liver or kidney dysfunction, cancer, autoimmune
diseases, acute or chronic infection, or any medication use dur-
ing the 3-year follow-up period, or lacked samples. Finally, 86
pairs were included in the follow-up study.

Demographic factors and anthropometric measurements
Information on smoking, including the average number of
cigarettes per day and duration, was collected from the self-re-
ported data of each participant. Smoking was defined as having
smoked ≥100 cigarettes in one’s lifetime, regardless of “ever” or
“current” smoking24. Alcohol drinking was defined as consum-
ing ≥30 grams per week of alcohol for at least 1 year25. Exer-
cise was defined as moderate-intensity activities ≥150 min per
week or vigorous-intensity activities ≥75 min per week or mod-
erate- and vigorous-intensity activities ≥150 min per week26.
Anthropometric measurements including height, weight, waist

circumference, hip circumference and blood pressure were evalu-
ated by uniformly trained staff. Body mass index (BMI) was cal-
culated by dividing weight by the square of height (kg/m2). The
waist-to-hip ratio was calculated by dividing the waist circumfer-
ence by hip circumference. Blood pressure was measured three
times after 5 min of rest, and the results were averaged.

Biochemical measurements
Venous blood was collected from all participants after at least
10 h overnight fast, and subsequently, a 75-g oral glucose toler-
ance test was carried out. Blood samples were obtained again
2 h later. Plasma glucose was determined by the hexokinase
method within 4 h (ADVIA2400, Siemens, Erlangen, Ger-
many). Within 1 h, serums were separated, and then aliquoted
and stored at -80°C until further analysis. Total cholesterol,
high-density lipoprotein (HDL) cholesterol, low-density lipopro-
tein (LDL) cholesterol and triglyceride levels were determined
using an autoanalyzer (ARCHITECT ci16200l Abbott Laborato-
ries, Chicago, IL, USA). The 2009 Chronic Kidney Disease Epi-
demiology Collaboration creatinine equation was used to
calculate the estimated glomerular filtration rate. Fasting insulin
levels were determined by the chemiluminescence method.
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Homeostatic model assessment for insulin resistance (HOMA-
IR) was calculated as follows: fasting plasma glucose level
(mmol/L) 9 fasting insulin level (mU/L) / 22.5. Homeostatic
model assessment of b-cell function (HOMA-b) was calculated
as follows: 20 9 fasting insulin level (mU/L) / (fasting plasma
glucose level (mmol/L) – 3.5).

Serum irisin measurement
Fasting serum irisin levels were measured using the enzyme-
linked immunosorbent assay kit (EK-067-29, Phoenix Pharma-
ceuticals Inc, Burlingame, CA, USA) considered to be the best
available irisin enzyme-linked immunosorbent assay kit20. The
detection range was 0.1–1,000 ng/mL, and the intra- and
interassay variations were <10% and <15%, respectively.

Statistical analysis
SPSS version 22.0 (IBM Corporation, Armonk, NY, USA) was
used to carry out the statistical analyses. The normality of dis-
tributions was evaluated with the Shapiro–Wilk test. Data are
presented as the mean – standard deviation or median

(interquartile range). In the nested case–control study, compar-
ison between the cases and controls was carried out with paired
Student’s t-test or paired Wilcoxon signed-rank test for contin-
uous variables, and McNemar’s test for categorical variables.
The Mann–Whitney test was carried out to compare the differ-
ence in serum irisin levels between the two different exercise
statuses. Spearman’s rank correlation was carried out to evalu-
ate the associations between serum irisin levels and clinical
parameters. Conditional logistic regression analysis was used to
calculate odds ratios (ORs) and 95% confidence intervals (CIs)
for the independent risk factors for the development of diabetes
in newly diagnosed prediabetes, and the risk of diabetes in rela-
tion to baseline irisin quartiles. In the follow-up study, repeated
measures analysis of variance (ANOVA) was used to compare the
changes in serum irisin levels between cases and controls and
over time. The difference in the levels of serum irisin between
the baseline and follow up in each group was compared using
paired Student’s t-test or paired Wilcoxon signed-rank test.
Spearman’s rank correlation was carried out to evaluate the
association between baseline serum irisin levels and the extent

Table 1 | Characteristics of participants at baseline

Cases (n = 161) Controls (n = 161) P

Age (years) 59.2 – 6.8 59.1 – 6.8 0.262
Male, n (%) 41 (25.5%) 41 (25.5%) 1.000
BMI (kg/m2) 24.7 – 3.1 23.8 – 3.0 0.009
Waist circumference (cm) 85.5 – 8.5 83.7 – 8.4 0.042
Hip circumference (cm) 93.0 (88.6-96.9) 92.0 (87.6-96.2) 0.343
Waist-to-hip ratio 0.92 (0.88-0.96) 0.91 (0.87-0.94) 0.077
Systolic blood pressure (mmHg) 119 (110-133) 117 (109-126) 0.040
Diastolic blood pressure (mmHg) 76 (72-83) 75 (70-82) 0.180
Fasting plasma glucose (mmol/L) 6.1 (5.7-6.5) 6.3 (6.2-6.5) <0.001
2-h post-load plasma glucose (mmol/L) 9.3 (8.3-10.0) 7.0 (6.2-7.6) <0.001
Creatinine (lmol/L) 66.1 (57.7-72.9) 65.7 (58.0-72.1) 0.644
eGFR (mL�min-1�[1.73 m2]-1) 92.5 (84.1-99.2) 92.3 (84.1-100.6) 0.596
HDL cholesterol (mmol/L) 1.2 (1.0-1.4) 1.2 (1.0-1.5) 0.548
LDL cholesterol (mmol/L) 2.7 – 1.0 2.5 – 0.9 0.023
Total cholesterol (mmol/L) 4.8 (4.1-5.7) 4.5 (3.6-5.3) 0.020
Triglycerides (mmol/L) 1.5 (1.1-2.3) 1.2 (0.9-1.9) 0.003
ALT (IU/L) 20.0 (13.0-27.0) 16.0 (11.0-21.5) 0.001
AST (IU/L) 22.0 (16.0-27.0) 18.0 (14.0-23.0) <0.001
HbA1c (%) 6.2 (6.0-6.5) 6.1 (5.9-6.4) 0.002
Fasting insulin (mU/L) 9.0 (6.7-11.4) 8.1 (6.2-11.1) 0.173
HOMA-IR 2.42 (1.82-3.21) 2.29 (1.71-3.04) 0.477
HOMA-b 68.03 (50.94-89.73) 60.13 (43.80-79.00) 0.001
Irisin (ng/mL) 11.434 (9.373-13.224) 10.236 (8.429-12.403) 0.002
Smoking 27 (16.8%) 34 (21.1%) 0.265
Drinking 13 (8.1%) 19 (11.8%) 0.307
Exercise 33 (20.5%) 34 (21.1%) 1.000
Family history of diabetes 32 (19.9%) 30 (18.6%) 0.892

Data are expressed as the mean – standard deviation or median (interquartile range) for continuous variables, and n (%) for categorical variables.
ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemo-
globin; HDL, high-density lipoprotein; HOMA-b, homeostatic model assessment of b-cell function; HOMA-IR, homeostatic model assessment for insu-
lin resistance index; LDL, low-density lipoprotein.
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of decrease in irisin during follow up. The ORs and 95% CIs
for the development of diabetes in relation to the extent of
decrease in serum irisin levels were assessed using binary logis-
tic regression analysis. A two-sided P-value <0.05 was consid-
ered significant.

RESULTS
Nested case–control study
Characteristics of participants at baseline
Characteristics of participants at baseline are presented in
Table 1. No differences in age, sex, hip circumference, waist-to-
hip ratio, diastolic blood pressure, serum creatinine, estimated
glomerular filtration rate, HDL cholesterol, fasting insulin levels,
HOMA-IR, smoking, alcohol drinking, exercise or family his-
tory of diabetes were observed between the two groups. BMI,
waist circumference, systolic blood pressure, and levels of 2-h
post-load plasma glucose, LDL cholesterol, total cholesterol,
triglycerides, alanine transaminase, aspartate aminotransferase,
glycated hemoglobin (HbA1c), HOMA-b and irisin were higher
in the cases than in controls (P < 0.05 or P < 0.01), whereas
fasting plasma glucose levels were lower in the cases
(P < 0.001). In addition, no differences in serum irisin levels
between the two different exercise statuses were observed in the
case group, the control group or total participants (Figure S1).

Correlations of serum irisin levels with clinical parameters at
baseline
Spearman’s correlation analyses showed that serum irisin levels
were positively correlated with age (r = 0.191, P = 0.001), sys-
tolic blood pressure (r = 0.134, P = 0.016) and 2-h post-load
plasma glucose (r = 0.161, P = 0.004; Figure 1). Irisin was not
associated with BMI, waist circumference, hip circumference,
waist-to-hip ratio, diastolic blood pressure, estimated glomerular
filtration rate or levels of fasting plasma glucose; creatinine;
HDL, LDL or total cholesterol; triglycerides; alanine transami-
nase; aspartate aminotransferase; HbA1c; fasting insulin; or
HOMA-IR or HOMA-b. Furthermore, the cases and controls
were analyzed separately. It was found that the correlation
between serum irisin levels and age was not significant in the
case group (P = 0.228), whereas their positive relationship was
closer in the control group (r = 0.281, P < 0.001).

Analysis of independent risk factors for diabetes
The independent risk factors for the development of diabetes in
newly diagnosed prediabetes are presented in Figure 2. Condi-
tional logistic regression analysis indicated that BMI, 2-h post-
load plasma glucose, aspartate aminotransferase and irisin were
independent risk factors.

Serum irisin levels and risk of diabetes
The risk of diabetes according to irisin quartiles is presented in
Table 2. Conditional logistic regression analysis showed that
participants with higher levels of serum irisin had a significantly
higher risk of diabetes. This association remained significant

after adjustment for age, sex, BMI, HbA1c, smoking, exercise,
family history of diabetes (OR 3.065, 95% CI 1.511–6.218) and
stratification by exercise status (Table S2).

Follow-up study
Changes in serum irisin levels between the cases and controls
The changes in serum irisin levels between the cases and con-
trols are presented in Figure 3a. Repeated measures ANOVA

showed a significant difference between the two groups; the
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Figure 1 | Correlations of serum irisin levels with age, systolic blood
pressure (SBP) and 2-h post-load plasma glucose (2hPG) at baseline.
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extent of decrease in serum irisin levels in the cases was greater
than that in the controls (P < 0.001). Serum irisin levels were
significantly lower in the cases at follow up (P < 0.001). Fur-
thermore, the controls were divided into two subgroups accord-
ing to the state of glucose tolerance at follow up: either
remaining prediabetic or reverting to normal glucose tolerance.
A significant decrease was observed only in those controls
remaining prediabetic (P < 0.001), not in the other subgroup
(P = 0.661; Figure 3b).

Correlation of baseline serum irisin levels with the extent of
decrease in irisin during the follow-up period
Serum irisin levels in a total of 134 participants decreased at
follow up. Spearman’s correlation analysis showed that baseline
serum irisin levels were positively correlated with the extent of
decrease in irisin during the follow-up period (r = 0.773,
P < 0.001; Figure 4).

The extent of decrease in irisin and the risk of diabetes
A total of 134 participants who experienced a decrease in
serum irisin levels during the follow-up period were divided
into two equal groups according to the median of the decrease
– the significant group and the non-significant group. Binary
logistic regression analysis showed that participants in the

significant group had a higher risk for developing diabetes than
the non-significant group, even after adjustment for age, sex
and the change values of BMI; waist circumference; HbA1c;
systolic and diastolic blood pressure; HDL, LDL and total
cholesterol; and triglycerides (OR 5.077, 95% CI 2.112–12.206,
P < 0.001; Table S1).

DISCUSSION
In the present study, we found that baseline serum irisin levels
were higher in diabetes-developing cases compared with con-
trols in individuals with newly diagnosed prediabetes. High iri-
sin levels were an independent risk factor for diabetes
development. In addition, the decrease of irisin in diabetes-de-
veloping cases was greater than that in controls during the fol-
low-up period, and baseline serum irisin levels were positively
correlated with the extent of decrease in irisin. These findings
suggest that irisin is related to the outcomes of newly diagnosed
prediabetes.
In 2012, Bostr€om et al.3 found a new hormone containing

112 amino acids. This hormone was confirmed to improve the
glucose tolerance of mice with obesity and insulin resistance
induced by a high-fat diet3. Since then, more investigators have
paid attention to the relationship between this hormone and
energy metabolism. Recent studies have shown that irisin
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Figure 2 | Analysis of independent risk factors for diabetes. 2hPG, 2-h post-load plasma glucose; AST, aspartate aminotransferase; BMI, body mass
index.

Table 2 | Odds ratios and 95% confidence intervals for the development of diabetes in relation to serum irisin quartiles

Irisin (ng/mL)

Q1 (n = 80) Q2 (n = 80) Q3 (n = 82) Q4 (n = 80) P for trend
5.206–8.944 8.945–10.749 10.750–12.815 12.816–22.927

Model 1 1 1.474 (0.778–2.794) 2.143 (1.140–4.028)* 2.786 (1.405–5.523)** 0.011
Model 2 1 1.474 (0.778–2.794) 2.143 (1.140–4.028)* 2.786 (1.405–5.523)** 0.011
Model 3 1 1.523 (0.791–2.931) 2.089 (1.103–3.954)* 3.065 (1.511–6.218)** 0.008

Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for age, sex, body mass index, glycated hemoglobin, smok-
ing, exercise, and family history of diabetes. *P < 0.05. **P < 0.01.
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improved insulin sensitivity, promoted pancreatic b-cells’ sur-
vival and protected them from apoptosis, induced insulin syn-
thesis and secretion, and increased the expression of
anorexigenic genes in mice models6,27,28. Thus, irisin was con-
sidered as a potential target for diabetes intervention. A dietary
intervention study carried out in obese patients including two
sequential periods, a 2-month dietary intervention period and a
4-month follow-up period, showed that HOMA-IR in partici-
pants with circulating irisin levels above the median was higher
than in those with lower circulating irisin levels, whether at
baseline or follow up. Furthermore, higher baseline circulating
irisin levels predicted a higher risk of insulin resistance at the
second period17. A study in Korea showed that a high serum
irisin level at baseline was an independent risk factor for the
development of diabetes18. Another cross-sectional study
including 151 white Americans and African Americans found
that circulating irisin levels in individuals with metabolic syn-
drome (MetS) were higher than those without MetS, and
higher circulating irisin levels indicated higher risks for MetS

and elevated fasting plasma glucose, which is a component of
MetS15. However, a nested case–control study from the Veter-
ans Affairs Normative Aging Study cohort showed that irisin
was not a predictor for diabetes19. These inconsistent conclu-
sions might be due to different races. There are differences in
muscle mass and body fat content among different races29. Fur-
thermore, skeletal muscle and adipose tissue are the main
sources of irisin. In addition, there are differences in body com-
position due to sex. Women have a higher proportion of fat,
whereas men have a higher proportion of muscle30. The study
in Korea included just 37.6% men, whereas the nested case–
control study from the Veterans Affairs Normative Aging Study
cohort was all men. Therefore, the difference of sex composi-
tion might also lead to the inconsistent conclusions. In addi-
tion, the blood glucose level, degree of obesity, accompanying
disease status and concomitant medications might also cause
the inconsistency of conclusions in these studies.
The present findings showed that high baseline serum irisin

levels are an independent risk factor for diabetes in newly diag-
nosed prediabetes, and that serum irisin levels are positively
correlated with systolic blood pressure and 2-h post-load
plasma glucose at baseline, similar to the findings of previous
studies15,16,18. It is speculated that high serum irisin levels at
baseline are likely a compensatory increase in order to maintain
glucose homeostasis15,17,31. Interestingly, we observed that
serum irisin levels are positively correlated with age, a finding
different from the results of several previous studies8,32–34, but
similar to that found by Jang et al.16 and Hisamatsu et al.35

Another study compared the serum irisin levels of healthy cen-
tenarians, young healthy controls and young patients with acute
myocardial infarction, and found that the serum irisin levels of
healthy centenarians were highest36. Although muscle mass and
bone are gradually lost with aging37, aging does not affect the
secretion of irisin5,32. It was found that irisin could induce
hypertrophy and improve grip strength of uninjured muscle,
increase regeneration of injured muscle and decrease the loss of
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skeletal muscle mass38. A recent study showed that irisin is a
marker of muscle function improvement in elderly individu-
als39. Therefore, we assume that serum irisin levels increasing
with age might be an adaptive response to overcome age-re-
lated muscle atrophy. However, this adaptive response might be
related to the pathophysiological state of subjects, because when
we analyze the control group alone, we found that the positive
correlation between serum irisin levels and age is closer,
whereas their relationship was not significant in the case group.
We also found that irisin was not related to fasting insulin
levels or HOMA-IR, which agrees with several previous stud-
ies40,41, although one study showed that circulating irisin levels
were positively correlated with fasting insulin levels and
HOMA-IR in individuals with or without diabetes42. This dis-
crepancy might be due to the different states of glucose meta-
bolism and obesity. This might also show that the
extrapancreatic role of irisin is more important than its effect
on pancreatic b-cells in glucose homeostasis. Furthermore, the
present study found that the extent of decrease in serum irisin
levels in participants who subsequently developed diabetes was
greater than that in controls during the 3-year follow-up period,
although their baseline levels were higher; as in previous stud-
ies, serum irisin levels were significantly lower in patients with
diabetes than in controls at follow up8,42–45. Further analysis
showed that the extent of decrease in irisin during follow up
was positively correlated with the levels of serum irisin at base-
line, and participants with a significant decrease in irisin had
much higher risk for diabetes compared with those with a non-
significant decrease. In addition, levels of serum irisin decreased
only in controls who remained prediabetic at follow up, but
not in those reverting to normal glucose tolerance, when the
controls were divided into the above subgroups. These findings
suggest that high serum irisin levels at baseline are a compen-
satory increase, and the occurrence of diabetes might be related
to impaired compensatory ability.
In the present study, we observed the relationship between iri-

sin and the outcomes of newly diagnosed prediabetes, and differ-
ent changes of serum irisin levels in different outcomes. One
strength of the present study is that selection bias was reduced
and comparability was increased, because cases and controls were
nested from the same cohort. In addition, we controlled for con-
founding factors, such as cardiovascular disease, stroke, hyperten-
sion, liver and kidney dysfunction, and medication. Nevertheless,
there are also several limitations. First, causal inference strength is
weaker than in a cohort study. Second, the sample size of the fol-
low-up study was relatively small, and with a short follow-up
time. Third, body compositions were not measured. Finally, the
present participants were all Chinese, so it is not clear whether
the results are applicable to other populations. Therefore, the role
of irisin in the outcomes of prediabetes needs to be further clari-
fied in larger prospective cohort studies.
In summary, irisin might play an important role in the out-

comes of newly diagnosed prediabetes and can predict the risk

for developing diabetes mellitus. This finding has promising
implications for diabetes intervention.

ACKNOWLEDGMENTS
We are incredibly grateful to the REACTION Study Group
and all participants in this study. This work was supported by
grants from National Key R&D Program of China
(2016YFC0901203, 2017YFC1310700 and 2017YFC1310701);
Special Research Project for Public Welfare Industry, National
Health and Family Planning Commission of the People’s
Republic of China (201502007); Key Clinical Specialty Cultiva-
tion Project of Guizhou Province (2016) (SZD-2016-01); and
Fund for Less Developed Regions of the National Natural
Science Foundation of China (81860161).

DISCLOSURE
The authors declare no conflict of interest.

REFERENCES
1. Chan JCN, Zhang Y, Ning G. Diabetes in China: a societal

solution for a personal challenge. Lancet Diabetes Endocrinol
2014; 2: 969–979.

2. Xu Y, Wang L, He J, et al. Prevalence and control of
diabetes in Chinese adults. JAMA 2013; 310: 948–959.

3. Bostr€om P, Wu J, Jedrychowski MP, et al. A PGC1-a-
dependent myokine that drives brown-fat-like
development of white fat and thermogenesis. Nature
2012; 481: 463–468.

4. Zhang Y, Li R, Meng Y, et al. Irisin stimulates browning of
white adipocytes through mitogen-activated protein kinase
p38 MAP kinase and ERK MAP kinase signaling. Diabetes
2014; 63: 514–525.

5. Huh JY, Mougios V, Kabasakalis A, et al. Exercise-induced
irisin secretion is independent of age or fitness level and
increased irisin may directly modulate muscle metabolism
through AMPK activation. J Clin Endocrinol Metab 2014; 99:
E2154–E2161.

6. Liu TY, Shi CX, Gao R, et al. Irisin inhibits hepatic
gluconeogenesis and increases glycogen synthesis via the
PI3K/Akt pathway in type 2 diabetic mice and hepatocytes.
Clin Sci (Lond) 2015; 129: 839–850.

7. Xin C, Liu J, Zhang J, et al. Irisin improves fatty acid
oxidation and glucose utilization in type 2 diabetes by
regulating the AMPK signaling pathway. Int J Obes (Lond)
2016; 40: 443–451.

8. Hwang YC, Jeon WS, Park CY, et al. The ratio of skeletal
muscle mass to visceral fat area is a main determinant
linking circulating irisin to metabolic phenotype. Cardiovasc
Diabetol 2016; 15: 9.

9. Moreno-Navarrete JM, Ortega F, Serrano M, et al. Irisin is
expressed and produced by human muscle and adipose
tissue in association with obesity and insulin resistance. J
Clin Endocrinol Metab 2013; 98: E769–E778.

ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 5 May 2021 753

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Role of irisin in prediabetes outcomes



10. Zhang C, Ding Z, Lv G, et al. Lower irisin level in patients
with type 2 diabetes mellitus: a case-control study and
meta-analysis. J Diabetes 2016; 8: 56–62.

11. Elizondo-Montemayor L, Gonzalez-Gil AM, Tamez-Rivera O,
et al. Association between irisin, hs-CRP, and metabolic
status in children and adolescents with type 2 diabetes
mellitus. Mediators Inflamm 2019; 2019: 6737318.

12. Rana KS, Pararasa C, Afzal I, et al. Plasma irisin is elevated in
type 2 diabetes and is associated with increased E-selectin
levels. Cardiovasc Diabetol 2017; 16: 147.

13. Faienza MF, Brunetti G, Sanesi L, et al. High irisin levels are
associated with better glycemic control and bone health in
children with type 1 diabetes. Diabetes Res Clin Pract 2018;
141: 10–17.

14. AlKhairi I, Cherian P, Abu-Farha M, et al. Increased
expression of meteorin-like hormone in type 2 diabetes and
obesity and its association with irisin. Cells 2019; 8: 1283.

15. Park KH, Zaichenko L, Brinkoetter M, et al. Circulating irisin
in relation to insulin resistance and the metabolic
syndrome. J Clin Endocrinol Metab 2013; 98: 4899–4907.

16. Jang HB, Kim HJ, Kang JH, et al. Association of circulating
irisin levels with metabolic and metabolite profiles of
Korean adolescents. Metabolism 2017; 73: 100–108.

17. Crujeiras AB, Zulet MA, Lopez-Legarrea P, et al. Association
between circulating irisin levels and the promotion of
insulin resistance during the weight maintenance period
after a dietary weight-lowering program in obese patients.
Metabolism 2014; 63: 520–531.

18. Huh JH, Ahn SV, Choi JH, et al. High serum irisin level as an
independent predictor of diabetes mellitus: a longitudinal
population-based study. Medicine (Baltimore) 2016; 95:
e3742.

19. Sahin-Efe A, Upadhyay J, Ko BJ, et al. Irisin and leptin
concentrations in relation to obesity, and developing type 2
diabetes: a cross sectional and a prospective case-control
study nested in the Normative Aging Study. Metabolism
2018; 79: 24–32.

20. Perakakis N, Triantafyllou GA, Fernandez-Real JM, et al.
Physiology and role of irisin in glucose homeostasis. Nat
Rev Endocrinol 2017; 13: 324–337.

21. Ning G. Reaction Study Group. Risk Evaluation of cAncers in
Chinese diabeTic Individuals: a lONgitudinal (REACTION)
study. J Diabetes 2012; 4: 172–173.

22. Alberti KG, Definition Zimmet PZ. Diagnosis and
classification of diabetes mellitus and its complications. Part
1: diagnosis and classification of diabetes mellitus
provisional report of a WHO consultation. Diabet Med 1998;
15: 539–553.

23. World Health Organization. Definition and diagnosis of
diabetes mellitus and intermediate hyperglycemia: report of
a WHO/IDF consultation. Geneva: WHO Press, 2006.

24. Weinberger AH, Gbedemah M, Wall MM, et al. Cigarette use
is increasing among people with illicit substance use

disorders in the United States, 2002–14: emerging disparities
in vulnerable populations. Addiction 2018; 113: 719–728.

25. Yang W, Lu J, Weng J, et al. Prevalence of diabetes among
men and women in China. N Engl J Med 2010; 362: 1090–
1101.

26. Sabia S, Fayosse A, Dumurgier J, et al. Association of ideal
cardiovascular health at age 50 with incidence of dementia:
25 year follow-up of Whitehall II cohort study. BMJ 2019;
366: l4414.

27. Natalicchio A, Marrano N, Biondi G, et al. The myokine irisin
is released in response to saturated fatty acids and
promotes pancreatic b-cell survival and insulin secretion.
Diabetes 2017; 66: 2849–2856.

28. Natalicchio A, Marrano N, Biondi G, et al. Irisin increases the
expression of anorexigenic and neurotrophic genes in
mouse brain. Diabetes Metab Res Rev 2020; 36: e3238.

29. Katzmarzyk PT, Bray GA, Greenway FL, et al. Racial
differences in abdominal depot-specific adiposity in white
and African American adults. Am J Clin Nutr 2010; 91: 7–15.

30. Schorr M, Dichtel LE, Gerweck AV, et al. Sex differences in
body composition and association with cardiometabolic
risk. Biol Sex Differ 2018; 9: 28.

31. Askari H, Rajani SF, Poorebrahim M, et al. A glance at the
therapeutic potential of irisin against diseases involving
inflammation, oxidative stress, and apoptosis: an
introductory review. Pharmacol Res 2018; 129: 44–55.

32. Hecksteden A, Wegmann M, Steffen A, et al. Irisin and
exercise training in humans - results from a randomized
controlled training trial. BMC Med 2013; 11: 235.

33. Loffler D, Muller U, Scheuermann K, et al. Serum irisin levels
are regulated by acute strenuous exercise. J Clin Endocrinol
Metab 2015; 100: 1289–1299.

34. Tu WJ, Qiu HC, Cao JL, et al. Decreased concentration of
irisin is associated with poor functional outcome in
ischemic stroke. Neurotherapeutics 2018; 15: 1158–1167.

35. Hisamatsu T, Miura K, Arima H, et al. Relationship of serum
irisin levels to prevalence and progression of coronary artery
calcification: a prospective, population-based study. Int J
Cardiol 2018; 267: 177–182.

36. Emanuele E, Minoretti P, Pareja-Galeano H, et al. Serum irisin
levels, precocious myocardial infarction, and healthy
exceptional longevity. Am J Med 2014; 127: 888–890.

37. van den Beld AW, Kaufman JM, Zillikens MC, et al. The
physiology of endocrine systems with ageing. Lancet
Diabetes Endocrinol 2018; 6: 647–658.

38. Reza MM, Subramaniyam N, Sim CM, et al. Irisin is a pro-
myogenic factor that induces skeletal muscle hypertrophy
and rescues denervation-induced atrophy. Nat Commun
2017; 8: 1104.

39. Planella-Farrugia C, Comas F, Sabater-Masdeu M, et al.
Circulating irisin and myostatin as markers of muscle
strength and physical condition in elderly subjects. Front
Physiol 2019; 10: 871.

754 J Diabetes Investig Vol. 12 No. 5 May 2021 ª 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

He et al. http://wileyonlinelibrary.com/journal/jdi



40. Tanisawa K, Taniguchi H, Sun X, et al. Common single
nucleotide polymorphisms in the FNDC5 gene are
associated with glucose metabolism but do not affect
serum irisin levels in Japanese men with low fitness levels.
Metabolism 2014; 63: 574–583.

41. Yang M, Chen P, Jin H, et al. Circulating levels of irisin in
middle-aged first-degree relatives of type 2 diabetes
mellitus — correlation with pancreatic b-cell function.
Diabetol Metab Syndr 2014; 6: 133.

42. Shoukry A, Shalaby SM, El-Arabi Bdeer S, et al. Circulating
serum irisin levels in obesity and type 2 diabetes mellitus.
IUBMB Life 2016; 68: 544–556.

43. Liu JJ, Wong MD, Toy WC, et al. Lower circulating irisin is
associated with type 2 diabetes mellitus. J Diabetes
Complications 2013; 27: 365–369.

44. Li Z, Wang G, Zhu YJ, et al. The relationship between
circulating irisin levels and tissues AGE accumulation in
type 2 diabetes patients. Biosci Rep 2017; 37:
BSR20170213.

45. He WY, Bai Q, La-Ta A, et al. Irisin levels are associated with
urotensin II levels in diabetic patients. J Diabetes Investig
2015; 6: 571–576.

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Comparisons of baseline serum irisin levels between the two different exercise statuses. (a) Case group. (b) Control
group. (c) Total participants.

Table S1 | Odds ratios and 95% confidence intervals for the development of diabetes in relation to the extent of decrease in serum
irisin levels during the follow-up period.

Table S2 | Odds ratios and 95% confidence intervals for the development of diabetes in relation to baseline serum irisin levels
stratified by exercise status.
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