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Abstract
AIM: To investigate the plasma levels of betatrophin in 
patients with cirrhosis.

METHODS: Forty patients diagnosed at the clinic 
with liver cirrhosis according to biological, ultra-
sonographic, or histological criteria were included. 
The severity of cirrhosis was classified according to 
Pugh’s modification of Child’s classification and MELD 
score. Insulin resistance (IR) was assessed by the 
Homeostasis Model Assessment. A total of 20 patients 
showed a MELD score higher than 14. The control 
group consisted in 15 sex-and aged-matched subjects. 
Fasting blood samples were obtained for subsequent 
analysis. Serum insulin was determined by Liaison 
automated immune chemiluminiscence assay (DiaSorin 
S.p.A.) using a sandwich assay. The sensitivity of 
the assay was 0.2 μU/mL. The intra and interassay 
var iat ion coeff ic ients were < 4% and < 10%, 
respectively. The normal values were between 2 and 
17 μU/mL. Human active betatrophin was analyzed 
by specific quantitative sandwich ELISA (Aviscera 
Bioscience®). The sensitivity of the assay was 0.4 ng/
mL, and the intra and interassay reproducibility were 
< 6% and < 10%, respectively.
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RESULTS: Plasma betatrophin levels were significantly 
increased in patients with cirrhosis compared with those 
in healthy subjects (P  = 0.0001). Betatrophin levels 
were also associated with disease severity, being higher 
in Child-Pugh C patients compared to Child-Pugh B (P 
< 0.0005) and in patients who displayed a MELD score 
higher than 14 points compared to patients with lower 
punctuation (P = 0.01). In addition, we found a positive 
correlation between plasma betatrophin levels and the 
severity of cirrhosis according to Child-Pugh classification 
(r  = 0.53; P  < 0.01) or MELD score (r  = 0.45; P  < 
0.01). In the overall cohort, a moderate correlation 
between serum betatrophin and plasmatic bilirrubin (r  
= 0.39; P  < 0.01) has been observed, as well as an 
inverse correlation between betatrophin and albumin 
(r  = -0.41; P  < 0.01) or prothrombin time (r  = -0.44; 
P  <0.01). Moreover, insulin resistance was observed in 
82.5% of the cirrhotic patients. In this group of patients, 
betatrophin levels were significantly higher than those in 
the group of patients without IR (P < 0.05).

CONCLUSION: Plasma betatrophin is increased in 
patients with cirrhosis. This increase is related to the 
severity of cirrhosis, as well as with the emergence of 
insulin resistance.
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Core tip: Recently, Douglas A. Melton’s group from 
Harvard University reported the identification of beta-
trophin, a circulating protein secreted from the liver 
under insulin resistant states. Insulin resistance is 
common in patients with cirrhosis. In our study we 
confirm that betatrophin is increased in patients with 
liver cirrhosis, and the increase in plasma betatrophin 
levels is related to the severity of cirrhosis, and the 
emergence of insulin resistance. These preliminary 
results show that betatrophin may contribute to 
counteract, at least in part, insulin resistance in pati-
ents with cirrhosis.
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INTRODUCTION
The liver plays a key role in glucose homeostasis, and 
chronic liver disease leads to chronic disturbances in 
glucose metabolism. Insulin resistance (IR) is defined 
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as a condition in which a higher insulin concentration 
is needed to achieve normal glucose metabolism; or 
when a normal insulin concentration fails to achieve 
normal glucose metabolism[1-3]. It is common in 
patients with cirrhosis, and in the 1960s, Megyesi et 
al[4] found that 57% of cirrhotic patients showed IR. 
Later, several studies in the 1980s and 1990s[5-12], 
used either an oral glucose load or the euglycemic-
hyperinsulinemic clamp[13], to corroborate that IR 
is common and holds specific features in cirrhosis, 
irrespective of etiology. In fact, this process is 
observed in patients with cirrhosis even before the 
disturbance of glucose tolerance becomes prominent. 
In most situations of IR, β-cells compensate for this 
hormonal resistance for long periods of time by an 
increase in secretory capacity and in β-cell mass[14]. 
Recently, Douglas A. Melton’s group from Harvard 
University reported the identification of betatrophin 
as a circulating protein secreted from the liver under 
insulin resistant states. It is sufficient to dramatically 
and specifically increase the replication of β-cells in 
mice, resulting in an increased functional β-cell mass 
over time, with improvements in glucose tolerance[15]. 
In this regard, there has been increase interest in 
whether betatrophin is involved in the compensatory 
response to IR[14]. At present, the role of betatrophin 
in cirrhosis is unknown. The aim of this study was to 
investigate the plasma levels of betatrophin in cirrhosis 
and its relationship with the severity of the disease and 
IR.

MATERIALS AND METHODS
Study subjects
Our study included 40 patients with liver cirrhosis. 
All patients were diagnosed with cirrhosis at the 
clinic, based on biological, ultrasonographic, or 
histological criteria. In all, 38 patients were men 
and 2 were women. Their ages ranged from 37 to 
76 years (mean 56 years). The severity of cirrhosis 
was classified according to Pugh’s modification of 
Child’s classification and MELD score[16,17]. IR was 
assessed by the Homeostasis Model Assessment[18]. 
There were 27 patients in Child-Pugh’s class B, and 
13 in Child-Pugh’s class C. A total of 20 patients 
showed a MELD score higher than 14. Patients with 
bacterial infection and or those who had GI bleeding, 
or taken vasoactive drugs within 14 d before the 
study were excluded. None of these patients were 
pregnant, had renal disease, or had specific medical 
diagnoses (e.g., type 2 diabetes mellitus, type 1 
diabetes mellitus, hypothyroidism, Cushing’s disease, 
or polycystic ovary syndrome). Patients who had 
undergone previous surgery for portal hypertension 
were also excluded. No patients received medications 
known to affect body composition or lipid or glucose 
metabolism (e.g., the use of thyroid medication, 
thiazolidinediones, or metformin).



Table 1  Clinical characteristics and laboratory data of the three groups of subjects
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The control group consisted in 15 sex-and aged-
matched subjects. The study was performed in 
accordance with the principles of the Declaration of 
Helsinki and its appendices and with local and national 
laws. Approval was obtained from the hospital’s 
Internal Review Board and Ethics Committee, and by 
written informed consent from all patients.

Analytical procedures
On the day of the study, after 12-h of overnight fasting, 
an antecubital vein was catheterized. Then, 45 min 
later, blood samples were taken to measure plasma 
levels of glucose, and serum insulin concentration. 
Plasma sodium, potassium, albumin, bilirubin, creatinine 
concentration, international normalized ratio, and 
prothrombin time were measured in each patient. In 
addition, samples for the analysis of betatrophin levels 
were isolated after centrifugation at 2400 g for 5 min. 
The samples were stored at -80 ℃ until analysis.

Serum insulin was determined by Liaison auto-
mated immune chemiluminiscence assay (DiaSorin 
S.p.A., Vercelly, Italy) using two specific monoclonal 
antibodies (sandwich assay). The sensitivity of the 
assay was 0.2 μU/mL. The intra and interassay 
variation coefficients were < 4% and < 10%, 
respectively. The normal values were between 2 and 
17 μU/mL. Human active betatrophin was analyzed 
by specific quantitative sandwich ELISA (Aviscera 
Bioscience® AB, Santa Clara, CA, United States). The 
sensitivity of the assay was 0.4 ng/mL, and the intra 
and interassay reproducibility were < 6% and < 10%, 
respectively. These assays do not show significant 
cross-reactivity with other related hormones. 

Statistical analysis
The data are presented as median and range for 
continuous variables and as count and percentage 
for categorical variables. Data distribution was non-
parametric, as determined by the Shapiro-Wilk test. 
Quantitative variables were compared by means 
of Kruskal- Wallis test. Then, if the test identified a 
statistically significantly difference in the variable 
between groups, the Mann- Whitney U probability 
test was used to compare the different groups. The 

Bonferroni adjustment was performed according to 
the number of comparisons carried out. χ2 analysis or 
Fisher’s exact test was used to compare categorical 
data. Spearman’s correlation test was used to 
investigate possible associations between variables. 
In all analyses, a two-side P value of < 0.05 was con-
sidered statistically significant

RESULTS
Table 1 shows the clinical and laboratory characteristics 
of the three groups of subjects studied. The beta-
trophin levels were significantly higher in patients with 
cirrhosis than in healthy subjects (113 ng/mL, range 
3-400 ng/mL vs 3.5 ng/mL, range 3-5.1 ng/mL, P < 
0.0001). According to Child-Pugh classification, the 
betatrophin levels in Child-Pugh class B patients (81 
ng/mL, range 3-300 ng/mL) were significantly lower 
than those in class C patients (117 ng/mL; range 
27-400 ng/mL; P < 0.0005). Figure 1 shows the 
individual plasma betatrophin levels in the three groups 
of patients studied. In addition, the cirrhotic patients 
with a MELD score higher than 14 showed significantly 
higher betatrophin levels than the patients with a 
lower MELD score (152 ng/mL; range 3-400 ng/mL vs 
71 ng/mL; range 3-196 ng/mL, P < 0.01). Moreover, 
IR was observed in 82.5% of the cirrhotic patients and 
a significant association between the coexistence of 
this condition and liver function measured according 
to Child-Pugh’s classification was observed (10 points; 
range 7-14 vs 8 points; range 7-8, P = 0.001). In 
these groups of patients, the betatrophin levels were 
significantly higher than in the group of patients 
without IR (128 ng/mL; range 6-400 ng/mL vs 38 
ng/mL; range 3-170 ng/mL, P < 0.05). In addition, we 
found a moderate positive correlation between plasma 
betatrophin levels and severity of cirrhosis according 
Child-Pugh (r = 0.53; P < 0.01) or MELD score (r = 
0.45; P < 0.01) (Figure 2). In the whole population of 
cirrhotic patients, the circulating levels of betatrophin 
weakly correlated with bilirubin levels (r = 0.39; P < 
0.01), and showed a weak negative correlation with 
prothrombin time (r = -0.44; P < 0.01) and albumin 
serum levels (r = -0.41; P < 0.01).

Healthy Cirrhosis Cirrhosis P  value

Subjects Child-Pugh's B Child-Pugh's C
No. of subjects 15 27 13 NS
Sex (male/female) 14/1 25/2 13/0 NS
Age (yr) 55 (30-74) 57 (37-76) 53 (44-60) NS
Etiology of cirrhosis (alcohol/viral) 19/8 10/3 NS
Insulin resistance (yes/no) 0/15 20/7 13/0 < 0.05
Serum albumin (g/L) 46 (43-49) 30 (22-39) 23 (20-29)    < 0.0001
Serum bilirubin (mg/dL)  0.7 (0.5-1.1)  1.8 (0.4-3.2)    5.8 (2.3-13.7)    < 0.0001
Prothrombin time (%)   97 (88-110) 62 (37-94) 46 (35-68)    < 0.0001
Serum creatinine (mg/dL)  0.8 (0.5-1.3)  0.8 (0.4-1.4)  0.7 (0.5-1.3) NS

NS: Non-significant.
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DISCUSSION
Insulin resistance may play a role in the earlier stages 
of progression of chronic liver disease, as has already 
been suggested in patients with nonalcoholic fatty liver 
disease[19]. There is evidence that insulin stimulates 
the proliferation of hepatic stellate cells (HSCs) and 
affects the endothelial synthesis of nitric oxide and 
endothelin mediated by activated HSCs, which play 
key roles in the pathogenesis of hepatic fibrosis[20-24]. 
Hence, insulin can contribute to liver fibrosis and 
the deterioration of hepatic function by modulating 
the production and deposition of extracellular matrix 
and the regulation of vascular structure[22,23]. The 
present study confirms that IR is a very frequent 
phenomenon in patients with cirrhosis. These findings 
are in agreement with previous reports of IR in liver 
cirrhosis[4-13], even though our cohort included patients 
with more severe liver disease. Specifically, IR was 
found in 82% of our patients. Several mechanisms 
have been proposed to account for the IR in cirrhosis, 
including the desensitization and down regulation of 
insulin receptors (downstream of the receptor in the 
insulin signaling cascade)[25-27], insufficient hepatic 
insulin clearance due to reduced hepatocellular 
function, porto-systemic shunting of insulin from the 
splanchnic circulation to systemic circulation, and 
insufficient enhanced insulin secretion by pancreatic 
β-cells to maintain a normal glucose tolerance[8,28-31]. 
In fact, at the early stages of liver cirrhosis, patients 
do not lack insulin secretion or synthesis, and the 
pancreatic β-cells can secrete enough insulin to 
compensate for the IR. With the development of 
advanced liver cirrhosis, eventually, the pancreatic 
β-cells cannot continue to increase the secretion of 
insulin to compensate for the IR. This manifests as 
relatively insufficient insulin secretion and impaired 
glucose tolerance. Furthermore, hyperinsulinemia 

in these cirrhotic patients is also potentiated by the 
increase in counter-insulin hormones (e.g., glucagon, 
growth hormone, and insulin-like growth factor, free 
fatty acids, and cytokines)[7,8,32]. However, whether 
the hyperinsulinaemia in cirrhosis is a consequence 
of increased pancreatic insulin secretion, decreased 
hepatic insulin removal, or impaired feedback 
regulation of insulin secretion is still doubtful. In 
a recent study conducted by Greco et al[33], it was 
suggested that hyperinsulinemia, at least in Child-
Pugh class B cirrhotic patients, is the consequence of 
increased β-cell sensitivity to glucose, whereas hepatic 
insulin extraction does not seem to play a significant 
role in this condition. The authors postulate that in 
euglycemic cirrhosis with advancement of liver disease, 
there is a compensatory increase in pancreatic β-cell 
insulin secretion to overcome the IR[34]. The factors 
contributing to β-cell hyperplasia in insulin-resistant 
states remain poorly understood, although there 
has been evidence that there is a circulating factor 
contributing to the increase secretory capacity, β-cell 
mass, or both, in insulin-resistant states[35,36].

Betatrophin, a novel secreted protein, can promote 
β-cell proliferation in mouse models of IR and improve 
glucose tolerance or metabolic control[15]. To better 
understand the roles of betatrophin in human disease, 
there has been a surge in interest in examining cir-
culating betatrophin levels in patients[37-42]. These 
studies show that betatrophin levels are altered in 
various physiologic conditions, such as the postprandial 
state[38], and pathological conditions, such as type 
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Figure 1  Individual values of plasma betatrophin concentration in the 
three groups of subjects studied (P < 0.0001), specifically, cirrhotic 
Child-Pugh C, cirrhotic Child-Pugh B patients and healthy subjects. The 
horizontal bar indicates the median.
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Figure 2  Correlations between betatrophin and severity of cirrhosis 
according Child-Pugh or MELD score.
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2 diabetes[37-39,41,42] and, type 1 diabetes[40], and 
were associated with indexes of IR[39,41]. Yi et al[15] 
showed that the liver expressed the highest levels of 
betatrophin in humans. To the best of our knowledge, 
this is the first study to investigate the changes 
in betatrophin levels in cirrhosis. In our study, we 
observed that betatrophin circulates in normal human 
plasma. These findings are in agreement with previous 
reports of betatrophin measurements in adult healthy 
subjects[37-42]. Moreover, this study demonstrates, for 
the first time, that the plasma levels of betatrophin 
are increased in patients with liver cirrhosis compared 
to those of controls. These increases were also more 
pronounced in patients with advanced liver disease, 
particularly Child-Pugh class C or those with a MELD 
score greater than 14. Furthermore, it is interesting to 
note that betatrophin levels were significantly higher 
in patients with IR. The fact that these patients with 
IR had high levels of betatrophin may be interpreted 
as an acquired insensitivity to the effects of insulin, as 
occurs with betatrophin in other circumstances of IR, 
such as type 2 diabetes mellitus[37-39,41,42].

The causes of high plasma levels of betatrophin 
in cirrhotic patients were not specifically investigated 
in this study. The findings of a positive correlation 
between plasma betatrophin levels and severity of 
cirrhosis according to Child-Pugh or MELD score, 
an inverse relationship between betatrophin and 
protrombin time, or albumin levels, and a positive 
correlation between betatrophin and bilirubin levels 
may suggest that an impaired clearance of betatrophin 
could contribute to increased plasma betatrophin 
levels. However, this hypothesis is unlikely, because 
betatrophin is cleared from circulation by proteolytic 
regulation in vivo[43]. Because induced IR is a known 
potent stimulator of betatrophin expression in liver 
and fat tissue[15,44], it is possible, that the increased 
betatrophin concentrations in cirrhotic patients could 
be explained by IR[39]. However, it is not clear whether 
increased betatrophin expression is a compensatory 
response or only a marker of IR.

The present study is limited because we cannot 
determine a causal relationship between betatrophin 
and IR, and only an association between both variables 
can be inferred.

In summary, the present study demonstrates that 
circulating betatrophin is increased in patients with 
liver cirrhosis. The increase in plasma betatrophin 
levels is related to the severity of cirrhosis, and the 
emergence of IR. Thus, these preliminary results show 
that betatrophin may contribute to counteract, at least 
in part, IR in patients with cirrhosis. More studies are 
needed to confirm this possibility.
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