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ABSTRACT

MALIN, S. K., J. P. DEL RINCON, H. HUANG, and J. P. KIRWAN. Exercise-Induced Lowering of Fetuin-A May Increase Hepatic

Insulin Sensitivity. Med. Sci. Sports Exerc., Vol. 46, No. 11, pp. 2085–2090, 2014. Introduction: Fetuin-A is a novel hepatokine, and

there is preliminary evidence that it may contribute to the pathogenesis of type 2 diabetes. Exercise reduces fetuin-A, but the specific

metabolic effects particularly as they relate to the regulation of insulin resistance are unknown. This led us to examine the effect of exercise

training on circulating fetuin-A in relation to skeletal muscle and/or hepatic insulin resistance in obese adults. Methods: Twenty older adults

(66.3 T 0.9 yr; body mass index, 34.1 T 1.2 kgImj2) participated in this prospective 12-wk study and underwent supervised exercise

training (5 dIwkj1, 60 minIdj1 at approximately 85% HRmax). Insulin resistance was assessed using the euglycemic–hyperinsulinemic

clamp (40 mUImj2Iminj1) with isotope dilution ([6,6-2H2]-glucose). Skeletal muscle insulin sensitivity (rate of glucose disposal),

hepatic insulin resistance (rate of glucose appearance � fasting insulin), metabolic flexibility (respiratory quotientclamp j respiratory

quotientfasting), fetuin-A, high-molecular weight adiponectin, high-sensitivity C-reactive protein, leptin, and body fat (dual energy x-ray

absorptiometry) were measured before and after the intervention. Results: Exercise reduced body fat, high-sensitivity C-reactive protein,

leptin and hepatic as well as skeletal muscle insulin resistance (each, P G 0.05). Fetuin-A was decreased by approximately 8% (pre, 1.01 T

0.08, vs post, 0.89 T 0.06 gILj1; P G 0.05) after the intervention, and lower fetuin-A after exercise correlated with lower hepatic

insulin resistance (r = j0.46, P G 0.01), increased metabolic flexibility (r = j0.70, P G 0.01) and high-molecular weight adiponectin

(r =j0.57, P G 0.01). Conclusions: Fetuin-A may contribute to exercise training-induced improvements in hepatic insulin resistance, CHO

utilization, and inflammation in older obese adults. Further work is required to determine the cellular mechanism(s) of action for fetuin-A

because this hepatokine is related to type 2 diabetes risk. Key Words: OBESITY, INFLAMMATION, EXERCISE TRAINING, AGING,

GLUCOSE TOLERANCE

F
etuin-A is a cytokine that is synthesized in the liver
and is associated with the development of type 2 di-
abetes and nonalcoholic fatty liver disease (7,20,23).

This association seems to be based on increased nonesterified
free fatty acids (NEFA) and induction of pro- and anti-
inflammatory cytokines (e.g., tumor necrosis factor (TNF)->
and high-molecular weight (HMW) adiponectin) that in turn
contribute to insulin resistance and metabolic inflexibility
(i.e., inability to switch from predominantly fat use in the
fasted state to mainly insulin-stimulated CHO reliance) (5,7).
We recently reported that 7 d of exercise decreased plasma
fetuin-A in patients with nonalcoholic fatty liver disease, in-
dependent of changes in body weight or hepatic fat content
(14). Moreover, we had suggested that fetuin-A impairs

skeletal muscle insulin signaling and contributes to in vivo
hyperglycemia (14). However, use of an oral glucose toler-
ance test to estimate skeletal muscle insulin resistance was a
limiting factor in that study. Because previous in vitro studies
have shown that fetuin-A inhibits insulin receptor tyrosine
phosphorylation and Akt activity in the liver, fetuin-A may
affect glycemia by influencing hepatic insulin resistance after
exercise (1,15,16). To date, however, no study has examined
the relation between fetuin-A and skeletal muscle and hepatic
insulin resistance after lifestyle modification using the eugly-
cemic clamp with glucose isotopes in humans. Therefore, we
investigated the in vivo relation between exercise-induced re-
ductions in circulating fetuin-A and improvements in skeletal
muscle and/or hepatic insulin resistance. To gain additional
mechanistic insight into how glucose was being used under
these conditions, we also measured metabolic flexibility. This
allowed us to hypothesize that lower fetuin-A after exercise
would be linked to improved skeletal muscle and hepatic in-
sulin resistance, metabolic flexibility, and inflammation.

METHODS

Subjects. Twenty older obese adults (Table 1) volun-
teered for this study, and a subgroup had participated in a
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previous investigation (13). They were nonsmokers, weight
stable (G2-kg weight loss during the previous 6 months), and
sedentary (exercising G60 minIwkj1). Subjects were ex-
cluded if they had a known chronic disease (e.g., renal, liver,
or cardiovascular diseases, type 2 diabetes, etc.) or took
medications known to affect glucose metabolism. Before
metabolic testing, subjects were fed isocaloric meals (resting
metabolic rate � 1.2 activity factor; 55% CHO, 30% fat,
15% protein) and instructed to refrain from vigorous physi-
cal activity for 3 d. Subjects underwent 12 wk of super-
vised exercise, which consisted mainly of aerobic treadmill
walking performed at 85% HRmax for 60 minIdj1, as pre-
viously described (13). Postintervention metabolic testing
was conducted approximately 16–18 h after the last ex-
ercise bout. Subjects were instructed to maintain their
preintervention macronutrient intake throughout the study.
Three-day food records were collected before and after the
intervention to assess macronutrient intake. All participants
signed informed consent documents approved by our insti-
tutional review board.

Cardiometabolic risk. After a 10- to 12-h overnight
fast, a catheter was inserted into the antecubital vein for col-
lection of fasting triglyceride, cholesterol, high-sensitivity
C-reactive protein (hs-CRP), HMW adiponectin, leptin,
TNF->, glucose, and insulin. A 75-g oral glucose load was
administered to determine 2-h glucose concentrations ap-
proximately 24 h before determining insulin resistance. An

incremental treadmill exercise test was used to determine
maximal oxygen consumption (V̇O2max) (Jaeger Oxycon
Pro; Viasys, Yorba Linda, CA), and the HRmax obtained
during this test was used to prescribe exercise intensity
during training. Height and body weight were recorded
using standard techniques, and dual-energy x-ray absorp-
tiometry (Lunar Prodigy, Madison, WI) or hydrostatic
weighing was used to quantify fat mass.

Insulin resistance. After an overnight fast, a euglycemic–
hyperinsulinemic clamp was performed. Briefly, indirect cal-
orimetry (Vmax Encore; Viasys, Yorba Linda, CA) was used
to determine respiratory quotient (RQ) after approximately
30 min of rest in supine position. A retrograde hand catheter
was placed, and the hand was warmed to 60-C for collection
of arterialized blood samples (e.g., fasting glucose, insulin,
and NEFA). A primed (3.28 mgIkgj1) continuous infusion
(0.036 mgIkgj1Iminj1) of [6,6-2H2]-glucose was then
started at t = j120 min. At t = 0 min, a constant infusion
(40 mUIm2Iminj1) of insulin was administered via an in-
dwelling catheter placed in the antecubital vein. Glucose
was infused for 120 min at a variable rate to maintain
plasma glucose at 90 mgIdLj1. Insulin-stimulated rates of
glucose disposal (Rd) were averaged during the final
30 min of the clamp and used to characterize skeletal
muscle insulin sensitivity. RQ was also determined during
the final 30 min of the clamp, and metabolic flexibility was
defined as RQclamp j RQfast. Nonoxidative glucose disposal,

TABLE 1. Effects of exercise on anthropometrics, cardiometabolic risk, and glucose metabolism.

Before Intervention After Intervention Delta ($) P

Demographics
Female/male (n) 20 (11/9) — — —
Age (yr) 66.4 T 0.9 — — —
Weight (kg)a 97.9 T 3.2 91.5 T 3.1 j6.3 T 0.7 G0.001
Body mass index (kgImj2)a 34.1 T 1.1 31.9 T 1.0 j2.1 T 0.7 0.001
Body fat (kg) 40.8 T 2.2 36.5 T 2.1 j4.3 T 2.2 0.001
V̇O2max (mLIkgj1Iminj1) 20.8 T 0.5 24.9 T 0.8 4.0 T 0.5 G0.001

Cardiometabolic
Systolic blood pressure (mm Hg) 134.3 T 2.4 119.9 T 2.4 j14.4 T 1.9 G0.001
Diastolic blood pressure (mm Hg) 81.4 T 2.4 71.9 T 1.9 2.3 T 2.4 0.001
Total cholesterol (mgIdLj1) 201.9 T 7.7 173.3 T 7.7 j28.5 T 5.1 G0.001
LDL cholesterol (mgIdLj1) 130.1 T 5.5 113.6 T 6.5 j16.4 T 4.6 0.002
HDL cholesterol (mgIdLj1)a 43.6 T 2.6 40.8 T 2.4 j3.0 T 1.5 0.07
Triglycerides (mgIdLj1) 154.1 T 16.8 107.5 T 9.5 j46.5 T 10.9 G0.001
NEFA (mEqILj1) 0.55 T 0.02 0.55 T 0.02 j0.004 T 0.027 0.88
Leptin (ngImLj1) 20.4 T 3.0 15.0 T 2.9 j5.4 T 1.7 0.01
hs-CRP (mgILj1) 3.8 T 0.7 3.1 T 0.69 j0.68 T 0.31 0.04
HMW adiponectin (ngImLj1) 3803.6 T 421.0 3380.6 T 385.9 j423.0 T 257.9 0.12
TNF-> (pgImLj1) 2.1 T 0.2 2.0 T 0.2 j0.1 T 0.2 0.63

Glucose regulation
Fasting glucose (mgIdLj1) 102.3 T 1.5 96.5 T 1.6 j5.7 T 1.5 0.001
Fasting insulin (KUImLj1)a 17.9 T 2.3 11.5 T 1.0 j6.4 T 1.6 G0.001
2-h glucose (mgIdLj1) 146.0 T 5.6 143.9 T 6.2 j2.1 T 6.2 G0.001
2-h insulin (KUImLj1) 121.0 T 21.5 82.3 T 15.9 j38.6 T 14.4 0.02
Skeletal muscle IS (mgIkgj1Iminj1) 3.3 T 0.3 4.4 T 0.4 1.0 T 0.4 G0.02
Metabolic flexibility (au) j0.030 T 0.014 0.002 T 0.080 0.032 T 0.02 0.05
Hepatic IR (mgIkgj1Iminj1 � KUImLj1) 46.5 T 6.9 27.3 T 5.4 j19.2 T 4.3 G0.001
HGPfast (mgIkgj1Iminj1) 2.6 T 0.2 2.2 T 0.3 j0.4 T 0.2 0.09
Adipose IR (mEqILj1 � KUImLj1) 9.5 T 1.0 6.2 T 0.5 j3.2 T 0.7 0.001

Data are presented as mean T SEM.
aNonnormally distributed data were analyzed by the Wilcoxon rank sum test.
Au, arbitrary units; delta ($) = after – before intervention; metabolic flexibility = RQclamp – RQfast; HGP, hepatic glucose production; IR, adipose insulin resistance = fasting NEFA � fasting
insulin (mEqILj1� KUImLj1); IR, hepatic insulin resistance = glucose rates of appearance � fasting insulin (mgIkgj1Iminj1 � KUImLj1); IS, skeletal muscle insulin sensitivity = Rd
(mgIkgj1Iminj1) during the final 30 min of the clamp.
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largely representing glycogen storage, was calculated as
insulin-stimulated Rd j total CHO oxidation. Basal rates of
endogenous glucose appearance were averaged during minute
t = j30 to t = 0 and used to characterize hepatic glucose
production (HGPfast). Hepatic insulin resistance was defined
as HGPfast � insulinfast, and adipose insulin resistance was
estimated as NEFAfast � insulinfast.

Plasma biochemical analysis. Fetuin-A (Quantikine;
R&D Systems, Minneapolis, MN), leptin, HMW adiponectin,
TNF-> (Millipore, Billerica, MA), and hs-CRP (Calbiotech,
Spring Valley, CA) were assessed by enzyme-linked immu-
nosorbent assay. Glucose kinetics, triglycerides, cholesterol,
glucose, insulin, and NEFA were assessed by standard as-
says, as previously described (10,13).

Statistics. Data were analyzed using the GraphPad
Prism 4 (San Diego, CA). Reductions of fetuin-A in men
and women were similar after exercise (j0.08 T 0.02 vs
j0.12 T 0.02 gILj1, respectively, P = 0.64). Therefore, data
were collapsed for statistical analysis. Normally and non-
normally distributed variables were analyzed by paired two-
tailed t-tests and Wilcoxon rank sum tests, respectively, to
determine statistical differences before and after the inter-
vention. Pearson product-moment or Spearman rank corre-
lations were used, when appropriate, to determine bivariate
associations. To assess the relation of fetuin-A on glucose
regulation, independent of ambient inflammation, multivar-
iate linear regression analysis was used to examine associ-
ations with leptin, hs-CRP, HMW adiponectin, and TNF->

used as covariates. Data are presented as mean T SEM, and
significance was accepted as P e 0.05.

RESULTS

Cardiometabolic risk. Exercise increased V̇O2max and
reduced body fat (P G 0.05). Although caloric content
(1879.2 T 72.1 vs 1706.7 T 99.8 kcalIdj1, P = 0.14) and
CHO intake (55.2% T 1.2% vs 55.0% T 1.6%, P = 0.91)
were not statistically different after the intervention, subjects
reported lower dietary fat (30.8% T 1.2% vs 28.0% T 1.4%,
P G 0.01) and increased protein consumption (16.2% T 0.8%
vs 17.6% T 0.9%, P G 0.04). Exercise also lowered blood
pressure, triglycerides, leptin, hs-CRP, and total cholesterol
(P G 0.05) (Table 1) but had no effect on HDL or NEFA.

Insulin resistance and metabolic flexibility. Exer-
cise reduced skeletal muscle, liver, and adipose insulin re-
sistance by approximately 45%, 37%, and 26%, respectively
(P G 0.02) (Table 1). The intervention had no effect on
fasting RQ (i.e., 0.83 T 0.01 vs 0.82 T 0.01, P = 0.56)
or nonoxidative glucose disposal (2.3 T 0.5 vs 3.1 T
0.5 mgIkgj1Iminj1, P = 0.11), but metabolic flexibility was
increased (P = 0.05) (Table 1).

Fetuin-A and correlation analysis. Exercise reduced
fetuin-A by approximately 8% (P G 0.05) (Fig. 1A). The
exercise-induced decrease in fetuin-A correlated with lower
hepatic insulin resistance (r =j0.46, P G 0.01) (Fig. 1B) but
not with enhanced insulin-stimulated skeletal muscle glu-
cose uptake (r = 0.18, P = 0.43) or reduced adipose insulin

FIGURE 1—Plasma fetuin-A before and after a 12-wk supervised exercise intervention (A) in relation to hepatic insulin resistance (B), metabolic
flexibility (C), and HMW adiponectin (D) after the intervention. Data are expressed as mean T SEM. Delta ($) = after j before intervention; HIR,
hepatic insulin resistance; metabolic flexibility = RQclamp j RQfast.
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resistance (r = 0.09, P = 0.67). Furthermore, reduced fetuin-
A concentrations were significantly associated with higher
metabolic flexibility at the 12-wk time point (r = j0.70,
P G 0.01) (Fig. 1C). Exercise-induced changes in fetuin-
A were not associated with body mass index reduction
(r = 0.02, P = 0.90), fat loss (r = j0.41, P = 0.06), caloric
restriction (r = 0.15, P = 0.54), dietary fat intake (r = 0.06,
P = 0.79), fasting insulin (r = 0.20, P = 0.39), or V̇O2max

(r = 0.22, P = 0.34), although reductions in fetuin-A were
associated with increased HMW adiponectin (r = j0.57,
P G 0.01) (Fig. 1D). Fetuin-A remained a significant pre-
dictor of hepatic insulin resistance and metabolic flexibil-
ity, independent of changes in hs-CRP, leptin, TNF->, or
HMW adiponectin (P G 0.03) (Table 2). The independent
association between increased HMW adiponectin and re-
duced fetuin-A was attenuated after adjustment for changes
in hs-CRP, leptin, and TNF-> (P = 0.07) (Table 2).

DISCUSSION

Skeletal muscle is responsible for the majority of insulin-
mediated glucose disposal during euglycemic clamp condi-
tions, and fetuin-A has been reported to inhibit insulin receptor
tyrosine phosphorylation and tyrosine kinase activity in
rodent skeletal muscle (15,16). We have previously reported
that fetuin-A decreases insulin-stimulated glucose uptake in
C2C12 skeletal muscle cells by decreasing AS160 phos-
phorylation (14). This observation led us to conclude that
fetuin-A downregulates GLUT4 translocation and contributes
to the improvement in skeletal muscle glucose disposal after
exercise. However, it is important to recognize that hepatic
glucose production also contributes to postprandial glucose
levels, and exercise reduces hepatic insulin resistance (13,14).
Most lifestyle interventions, but not all, have reported lower

plasma fetuin-A levels in conjunction with reduced diabetes
risk (8,17,20,21,23,26). To date, however, it remains unclear
whether reductions in fetuin-A contribute to improved gly-
cemic control after exercise training because of changes in
skeletal muscle and/or hepatic insulin resistance. Herein, we
detected a statistically significant correlation between fetuin-
A and hepatic, but not skeletal muscle insulin resistance after
the intervention. On the basis of this correlation and the lack
of association with inflammatory markers, our data suggest
that the exercise-induced lowering of fetuin-A may be pre-
dominantly linked to hepatic glucose production, independent
of changes in systemic inflammation (1,7,9,15,16). We rec-
ognize that correlations do not prove causation, and our data
do not exclude the possibility that fetuin-A acts on skeletal
muscle glucose metabolism, independent of insulin signaling.
Despite the absence of a significant correlation between
changes in fetuin-A and skeletal muscle insulin resistance, we
did find that the reduction in fetuin-A was linked to the in-
crease in metabolic flexibility after the intervention. These
data suggest that fetuin-A may act indirectly to modulate
skeletal muscle glucose uptake by influencing postprandial
CHO oxidation. The exact mechanism by which fetuin-A af-
fects CHO oxidation (i.e., glycolysis, Krebs cycle, and/or
oxidative phosphorylation) was not the objective of this study,
but our observation is consistent with work in rodents wherein
fetuin-A was related to decreased skeletal muscle glycogen
content (16). Collectively, our study supports the hypothesis
that fetuin-A is a circulating endocrine factor that contributes
to glucose regulation through multiple target tissues.

It is now well established that inflammation is a contrib-
uting protagonist in the development of systemic insulin
resistance (24). In vitro studies show that fetuin-A in-
creases TNF-> expression and suppresses the synthesis of
adiponectin from adipocytes, suggesting that fetuin-A
may contribute to chronic inflammation (5). Exercise is a
cornerstone therapy for reducing inflammation (27), and
we show here that our intervention induced significant re-
ductions in fetuin-A, hs-CRP, and leptin in these older pre-
diabetic adults. Furthermore, we found that lower fetuin-A
was inversely related to the rise in HMW adiponectin after
exercise. This observation is consistent with in vitro evidence
(5) and may be clinically relevant because elevated HMW
adiponectin is reported to enhance metabolic flexibility and
insulin sensitivity (6,7,10). In addition, recent animal work
has demonstrated that increased adiponectin, in conjunction
with lower fetuin-A, is important for preventing hepatic
steatosis and improving hepatic insulin sensitivity (9). It is
worth recognizing, however, that we did not detect a statis-
tical rise in HMW adiponectin in this group of subjects.
Variability in the HMW adiponectin multimer response to
exercise training has been previously noted (4,22,25,27), in-
cluding some of our own work (18). Indeed, we have found
that it is not the increase in the HMW complex that correlates
with improved insulin sensitivity after exercise training, but
instead, adiponectin’s role as an insulin-sensitizing agent
is linked to a decrease in the middle-molecular weight

TABLE 2. Multivariate regression analysis between fetuin-A and glucose metabolism.

Estimate SE t P

$ Hepatic IR (mgIkgj1Iminj1 � KUImLj1)
Intercept j1.56e1 8.9 j1.75 0.10
$Fetuin-A (gILj1) 5.50e1 2.33e1 2.35 0.03
$HMW-adiponectin (ngImLj1) 8.35ej4 4.00ej3 0.20 0.83
$hs-CRP (mgILj1) 3.54ej1 2.94e0 0.12 0.90
$TNF-> (pgImLj1) 7.67ej1 5.51e0 0.13 0.89
$Leptin (ngImLj1) j3.05ej1 5.51ej1

j0.46 0.65
Metabolic flexibility after intervention (au)

Intercept 2.87ej1 6.52ej2 4.18 0.001
Fetuin-A (gILj1) after
intervention

j2.76ej1 6.28ej2
j4.40 0.001

$HMW-adiponectin (ngImLj1) 1.29ej5 1.33ej5 0.97 0.35
$hs-CRP (mgILj1) 8.18ej3 1.10ej2 0.74 0.47
$TNF-> (pgImLj1) 3.25ej2 2.11ej2 1.53 0.15
$Leptin (ngImLj1) 3.63ej3 2.33ej3 1.55 0.14

$ HMW adiponectin (ngImLj1)
Intercept j2.47ej1 8.33ej2

j2.96 0.01
$Fetuin-A (gILj1) j8.43ej5 4.30ej5

j1.95 0.07
$hs-CRP (mgILj1) j2.36ej2 3.56ej2

j0.66 0.52
$TNF-> (pgImLj1) j1.01ej2 6.79ej2

j0.15 0.88
$Leptin (ngImLj1) j1.10ej2 7.52ej3

j1.42 0.16

Au, arbitrary units; delta ($) = after j before intervention; IR, hepatic insulin resistance =
glucose rates of appearance � fasting insulin (mgIkgj1Iminj1 � KUImLj1); metabolic
flexibility = RQclamp j RQfast (au).
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complex, leading to a shift in the HMW to total ratio
(i.e., the adiponectin SA ratio) (18). Although we did not
measure the middle-molecular weight multimer in this study,
our data suggest that there may be a role for HMW
adiponectin as a regulator of insulin sensitivity through some
fetuin-A–linked pathway yet to be discovered. Thus, the
lowering of fetuin-A may play a role in communicating with
adipose tissue to regulate adipokines, and by attenuating
proinflammation, this may help regulate glucose homeostasis.

This study has limitations that warrant discussion. The
sample size is modest and specific to older adults with pre-
diabetes. Thus, the findings may not be applicable to dif-
ferent age groups or disease states (e.g., chronic kidney
disease) (7). We also acknowledge that dietary intake was
not strictly controlled and changes in total caloric content/
dietary fat may affect fetuin-A (2,4,12,19). Although we
observed no relation between body weight and caloric def-
icit with changes in fetuin-A, we recognize that the energy
deficit observed in the current study may provide context to
the time course improvement in skeletal muscle versus he-
patic insulin resistance between our current data and past
work (14). Previously, our 7-d exercise study suggested that
the exercise-induced lowering of fetuin-A was not related to
hepatic insulin resistance when body weight and hepatic
triglyceride content were maintained (14). However, after
12 wk of exercise with approximately 6% weight loss, we
did observe a significant relation between decreased plasma
fetuin-A and lower hepatic insulin resistance. Collectively,
these data are consistent with work reported in animals and
humans and suggest that energy balance may modulate the
interaction of fetuin-A on hepatic and skeletal muscle insulin
resistance after exercise (3,4,11). Next, no control group was
included in this current study. However, previous cross-
sectional work reported that physical inactivity is linked to
high fetuin-A and individuals randomized to a standard of

care control group for 12 wk had unaltered fetuin-A levels
(4,8). Lastly, although not an objective of this study, we did
not perform biopsies of skeletal muscle and liver or adipose
tissue to determine the molecular mechanism by which
lower fetuin-A modifies glucose homeostasis, and this still
awaits further investigation. However, we did use the gold
standard euglycemic clamp insulin sensitivity test and
studied a high-risk group of adults undergoing supervised
exercise, thereby strengthening the conclusion that fetuin-A
affects multitissue glucose homeostasis.

In conclusion, fetuin-A was directly linked to the reduc-
tion in hepatic insulin resistance, insulin-stimulated CHO
use, and systemic inflammation after exercise training in
older, obese, prediabetic adults. Given that overfeeding has
been shown to increase fetuin-A and impair systemic insulin
sensitivity (12,16), our data highlight lower fetuin-A as an
important mechanism whereby exercise reduces type 2 dia-
betes risk. Future work is needed to provide mechanistic
data on the role that exercise may play in regulating changes
in fetuin-A and chronic metabolic disease.
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