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ABSTRACT

Background: Betatrophin mainly expressed in liver and adipose tissue, stimulates pancreatic B-cell proliferation in
insulin resistance state and improves metabolic process regulation. This study aimed to understand effective roles of
betatrophin in diabetic and non-diabetic Iraqi women. Also, it’s correlation with some insulin markers, metabolic
parameters and glucagon.

Methods: Eighty women participated in this cross-sectional study, (mean body mass index: 21 - 49 kg/m% mean age:
25-50 years) were enrolled and classified according to the presence of diabetes into 2 groups (40 diabetic and 40 non-
diabetic). Anthropometric, biochemical and metabolic parameters measured.

Results: Betatrophin level had no statistically significant differences between non-diabetics and diabetics. Serum
betatrophin levels had no statistically significant positive or negative correlations with age, anthropometric, lipid
profile, diabetic parameters, thyroid stimulating hormone, glucagon, irisin, glucagon like peptide -1 and hepatocyte
growth factor except uric acid (r=0.2539, P =0.0231). Serum betatrophin had no statistically significant correlations
with all variables in non-diabetic and diabetic groups except with homoeostasis model assessment- for p-cell function
(HOMA-B) and glucagon (r=0.3647, P=0.0207; r=0.3403, P=0.0317 respectively) in the diabetic group. Stepwise
regression showed that only uric acid was independently related factors to circulating betatrophin =0.8500, P=0.02.
Conclusions: Betatrophin was positively correlated with HOMA- and glucagon in type 2 diabetes mellitus women.
Uric acid was a direct independent predictor of betatrophin level.

Keywords: Betatrophin, Glucagon, Type 2 diabetes, HOMA-B, Homeostasis model assessment insulin resistance
(HOMA-IR), Uric acid

INTRODUCTION

Diabetes and obesity are a public health problem all over
the world and it is particularly important to explore the
potential treatments that focus on the mechanisms of
diabetes, impaired pancreatic B-cells function, and insulin
resistance. It has been recommended recently that the
best treatment, for type 2 diabetes (T2DM), is to replace
or regenerate the pancreatic p-cell mass." The recently
identified hormone, betatrophin, could be contributed to
the regeneration of B-cell mass.? Betatrophin, discovered

by Yi and colleagues, has a role in increment B-cell mass
in mice, and it may be raising hopes for regenerative f3-
cell therapy in humans. Betatrophin, also known as
lipasin, re-feeding induced fat and liver (RIFL),
hepatocellular carcinoma-associated protein TD26 and
angiopoietin-like protein (ANGPTLS).*®

It has been established that betatrophin is a liver and a
fat-derived hormone.® The quite recent discovery of a
novel peptidic hormone called irisin has also been
reported by Spiegelman's group. Irisin essentially acts on
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the white adipose tissue cells and its concentrations rise
after exercise in both mice and humans, thus increasing
total energy expenditure and lightened diet-induced
insulin resistance in certain animal models.®

PGCl1-a expression in muscle stimulates an increment in
secreted irisin and the ultimate acts on white adipose cells
to stimulate UCP1 expression, mediated via activation of
p38 MAPK, and promote the expression of betatrophin.
Gomar et al concluded that irisin and betatrophin may be
involved in the same pathway, ROS —p38
MAPK—PGCla — irisin —  betatrophin—p-cell
regeneration.’

This conclusion may be involved in both, the
insulin resistance and B-cell function mechanism, which
would provide new possibilities for exploring defective
pathways involved in regenerative capacity and the pB-
cells function of diabetic and obese patients. The
objective of this study is to understand the role
of betatrophin and its relation with insulin resistance, [
cells function%, glucose  homoeostasis, glucagon,
anthropometric, lipid profile and uric acid in diabetic and
non-diabetic Iragqi women.

METHODS
Design and subjects

This study was conducted at the Department of Biology,
College of Sciences, University of Baghdad. Eighty Iraqi
women were recruited consecutively during the period
from April 2014 to February 2015. Subjects recruited at
the Obesity Research and Therapy Unit, Alkindy College
of Medicine, University of Baghdad and from the
Specialized Center for Endocrinology and Diabetes-
Baghdad, Iragq. For this cross-sectional study 80 women
(age: 25 - 50 years) and classified according to diabetes
presences into two groups (40 diabetic and 40 non-
diabetic).

Research procedures

All anthropometric and biochemical measurements were
taken in the morning after 12 hours fast using
standardised methods. Anthropometric measurements
were obtained using standard protocols and techniques.

After removal of shoes and heavy clothing, each subject
underwent weight was measured to the nearest 0.5 kg
using a digital weighing scale, the height of each subject
was measured to the nearest 1 cm using a stadiometer.
The WC measurement was made at minimal inspiration
to the nearest 1 cm, midway between the last rib and the
iliac crest.’**

Waist circumference (CW) < 80 cm defined as normal, a
WC > 80 defined as obese."? Body mass index (BMI) was
calculated as BMI=weight (kg)/ square height (m?)."
Arterial blood pressure was measured with a digital
electronic tensiometer subjects had been sitting more than

5 minutes with appropriate cuff size or by an automatic
device. Participants seated with their left arm resting at
the level of the heart and two measurements were taken
after the subject had been at rest. Values used in the
analysis are the averages of two readings were taken at 5
min intervals.

The criteria for diagnosis and inclusion of subjects with
T2DM has depended on careful patient's history and/or
the measurements of serum glucose levels > 126 mg/dl,
also, by a consultant physicians of obesity research and
therapy unit, Alkindy College of Medicine, Baghdad,
Iraq.

The basis of the criteria of the WHO for a person to be
defined as has obesity or diabetes.** The homoeostasis
model assessment (HOMA) was applied to estimate
degree of IR and B cells as described below.” HOMA-
insulin resistance (HOMA-IR) was calculated by (fasting
insulin (mU/ml)* fasting glucose (mmol/L)/22.5). A
HOMA-B cell was calculated by: (20 * fasting insulin
(mU/ml) / (fasting glucose (mmol/L) -3.5)). The
exclusions criteria including; pregnant, lactating,
menopause, smoker, alcohol drinker, endocrine or genetic
or drug causes of obesity, TIDM, cardiac, renal, hepatic
diseases, anaemia and hypoproteinemia.

Laboratory measurements

The phlebotomy protocol specified a blood draw after at
least a 12-h fast for all study participants. Serum was
taken from blood samples which allowed to clot and then
sera separated by centrifugation at 3000 rpm for 10 min
at room temperature.

A part of extracted serum used for measuring metabolic
and biochemical analysis on the same day. While the rest
of the serum aliquot into storage phials, labelled and
frozen at -20°, until used for the hormones assay.
Biochemical tests were estimated according to
manufacturer's instructions (Roche Diagnostics).

The in-vitro tests for the quantitative determination in
human serum and plasma measured with the Roche
Cobas c111 clinical chemistry analyser. Sera of hormones
levels were determined with a commercially available
human ELISA kits (Mybiosource Company/ San Diego,
CA, USA) according to the manufacturer’s instructions
(Irisin  catalogue number MBS706887, Betatrophin
(angiopoietin-like  protein  8) catalogue  number
MBS706992, glucagon-like protein 1 (GLP-1) catalogue
number MBS2513877, hepatocyte growth factor (HGF)
catalogue number MBS2021513, insulin catalogue
number MBS2509572, and glucagon catalogue number
MBS2502180.

Thyroid stimulating hormone (TSH) product Code: 325-
300 was supplied by Monobind Inc. CA, USA. All assays
were done in the Department of Immunology / Teaching
Laboratories, Baghdad Teaching Hospital by using
enzyme-linked immunosorbent assay (ELISA).
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Statistical analysis

The statistical analysis system- SAS (2012) was used to
analyse the effect of different factors in non-diabetic and
diabetic groups. The least significant difference - LSD
test was used to significant compared between study
groups. Estimate of correlation coefficients between
betatrophin with all variables of the study. Univariable
and stepwise multiple linear regression analysis was used
to identify variables independently associated with serum
betatrophin levels for all population, non-diabetic and
diabetic groups separately. A P-value of < 0.01 and <0.05
was used as the level of significance differences.

RESULTS

The results in a Table 1 showed there were highly
significant differences between groups in age, weight,
WC, BMI, TGs, HDL-C, FPG, FI, HOMA-IR1, HOMA-
B (P<0.0001), SBP, LDL-C (P<0.005), and TC
(P<0.003).

Also, results demonstrated there were on significant
differences between groups in height (P=0.633), DBP
(P=1.000), UA (P=0.178), Glucagon (P=0.445), TSH
(P=0.687), irisin (P=0.061), betatrophin (P= 0.144), GLP-
1 (P=0.967) and HGF (P=0.071).

Table 1: Baseline clinical characteristics of the study subjects.

Variables Non-diabetic LSD value

Age (years) 34.40+7.62 41.42+5.28 2.918 ** <0.0001
Weight (kg) 77.57+19.77 96.15+14.68 7.749 ** <0.0001
Height (cm) 159.35+5.92 158.72+5.75 2.598 NS 0.633
WC (cm) 93.35+16.22 114.82+11.15 6.195 ** <0.0001
BMI (kg/m?) 30.55+7.68 38.22+5.85 3.039 ** <0.0001
SBP (mm Hg) 118.00+5.39 123.07+9.67 3.485 ** <0.005
DBP (mm Hg) 79.45+3.29 79.45+4.67 1.797 NS 1.000
FPG (mg/dl) 84.22+7.46 175.15+45.75 14.67** <0.0001
TC (mg/dl) 169.95+31.99 192.52+33.67 14.621 ** <0.003
TGs (mg/dl) 108.42+60.85 180.67+69.56 29.092 ** <0.0001
HDL-C (mg/dl) 51.82+11.57 41.05+10.37 4.891 ** <0.0001
LDL-C (mg/dl) 102.52+25.82 120.82+30.75 12.640 ** <0.005
U.A (mg/dl) 4.10+0.99 4.04£1.20 0.491 NS 0.816
TSH (ulU/ml) 3.08+1.31 2.97+1.21 0.561 NS 0.687
FI (mU/ml) 4.97+1.45 16.38+3.34 1.153 ** <0.0001
HOMA-IR 1.04+0.33 7.21+2.95 0.939 ** <0.0001
HOMA- 3 92.26+37.63 60.23+25.51 14.38 ** <0.0001
Glucagon (pg/ml) 843.37+230.35 808.83+167.16 89.590 NS 0.445
GLP-1 (ng/ml) 18.32+16.46 18.16+18.62 7.823 NS 0.967
HGF (pg/ml) 20.43+6.93 23.93+9.91 3.806 NS 0.071
Irisin (ng/ml) 118.01+76.74 91.35+44.75 28.108 NS 0.061
Betatrophin (pg/ml) 10.04+4.41 8.84+2.67 1.620 NS 0.144

*Significant correlation (P <0.05); **Significant correlation (P <0.01); BMI: body mass index; WC: waist circumference; SBP: systolic blood
pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; TC: total cholesterol; TGs: triglycerides; HDL-C: high density lipoprotein
cholesterol; LDL-C: low density lipoprotein cholesterol; UA: uric acid; TSH: thyroid stimulating hormone; FI: fasting insulin, HOMA-IR:
homeostasis model assessment-insulin resistance; HOMA-fB: homeostasis model assessment-§ cells; GLP-1: glucagon like peptide- 1 ; HGF:

hepatocyte growth factor.

Multiple regression analysis of betatrophin as
dependent variables

The bivariate associations cannot be considered at face
value since they are not free from confounding. To adjust
for potential confounders of the circulating betatrophin
concentration, so stepwise multiple linear regression
analysis was performed.

Univariable and stepwise multiple linear regression
performed to determine variables that had independent
associations with circulating irisin and betatrophin. Table
3 showed all results of univariable and stepwise multiple

regressions  for betatrophin results of univariable
regression showed that only UA was positively
significant determinant (r= 0.8500, P=0.02), also, results
of stepwise linear multiple regression showed that only
UA was independently related factors to circulating
betatrophin $=0.8500, P=0.02.

Correlations of betatrophin with various variables

Correlation results of serum betatrophin levels showed no
statistically significant positive or negative relation with
all variables except UA (r=0.2539, P=0.0231). In
addition, betatrophin correlation results demonstrated no
statistically significant correlations in a non-diabetic

International Journal of Research in Medical Sciences | October 2016 | Vol 4 | Issue 10  Page 4266



Mohammed AK et al. Int J Res Med Sci. 2016 Oct;4(10):4264-4271

group with all variables. In diabetic group, serum Table 2 showed correlation results of betatrophin and
betatrophin levels had statistically significant positive other variables in non-diabetic and diabetic groups.
correlations with HOMA-B and glucagon only (r=0.3647,

P=0.0207; r=0.3403, P=0.0317 respectively).

Table 2: Correlation coefficient between betatrophin and other variables in whole study population, non-diabetic,
and diabetic groups.

Variables All subjects -r Non-diabetic-r Diabetic-r

Age (years) -0.2018 0.0726 -0.1612 0.3204 -0.0978 0.5483
Weight (kg) 0.0114 0.9198 0.1374 0.3977 0.0291 0.8585
Height (cm) 0.0342 0.7631 0.0726 0.6562 -0.0522 0.7490
WC (cm) 0.0060 0.9560 0.0355 0.8280 -0.1366 0.4007
BMI (kg/m?) -0.1192 0.2925 0.1100 0.4609 0.0655 0.6879
SBP (mm Hg) -0.0713 0.5296 0.0650 0.6906 -0.1069 0.5115
DBP (mm Hg) -0.1046 0.3558 -0.1308 0.4211 -0.0982 0.5465
FPG (mg/dl) -0.1955 0.0822 0.0606 0.7103 -0.2047 0.2052
TC (mg/dl) -0.1279 0.2581 -0.1763 0.2764 -0.1276 0.4328
TGs (mg/dl) 0.0861 0.4474 -0.0434 0.7905 -0.0788 0.6287
HDL-C (mg/dl) -0.0821 0.4689 -0.0156 0.9237 0.0710 0.6632
LDL-C (mg/dl) -0.1279 0.2581 -0.1081 0.5066 0.0665 0.6833
U.A (mgy/dl) 0.2539* 0.0231 0.2560 0.1109 0.2836 0.0762
TSH (uIU/ml) -0.0648 0.5680 -0.1626 0.3161 0.0811 0.6189
FI (mU/ml) -0.1100 0.3320 0.1733 0.2850 0.0881 0.5887
HOMA-IR -0.1480 0.1890 0.1654 0.3077 -0.0721 0.6582
HOMA- B 0.1590 0.1580 -0.0133 0.9350 0.3647* 0.0207
Glucagon (pg/ml) 0.1495 0.1856 0.0494 0.7623 0.3403* 0.0317
GLP-1 (ng/ml) 0.0458 0.6865 -0.0145 0.9295 0.1389 0.3927
HGF (pg/ml) 0.0519 0.6473 0.1018 0.5319 0.0906 0.5781
Irisin (ng/ml) 0.1699 0.1320 0.2281 0.1569 -0.1085 0.5052

*Significant correlation (P <0.05); BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG:
fasting plasma glucose; TC: total cholesterol; TGs: triglycerides; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; UA: uric acid; TSH: thyroid stimulating hormone; FI: fasting insulin; HOMA-IR: homeostasis model assessment-insulin resistance; HOMA-
B: homeostasis model assessment-p cells; GLP-1: glucagon like peptide- 1 ; HGF: hepatocyte growth factor.

DISCUSSION owing to its lipid storage and insulin levels increased too,
which may be because of the complexity of obesity.*®

Correlation between betatrophin and anthropometric

variables Correlation between betatrophin and diabetic variables
There were several limitations of this study, a major one There is an insignificant decrease in betatrophin in
is the small number of sample, the absolute value of diabetic subjects. Xie et al., reported no significant
betatrophin was usually different between different difference between females with T2DM and females with
studies, and matching of the sample was complicated by NGT in betatrophin level."” Other studies revealed that
clinical differences between women who were recruited serum betatrophin level in the diabetics or pre-diabetics
consecutively. Guo et al reported that serum betatrophin significantly higher than in NGT and non-diabetics.****
levels did not differ between lean and obese or between
normal glucose tolerance (NGT) and T2DM participants, Correlation analysis of betatrophin demonstrated no
which is consistent with the current study. significant correlation with FPG, fasting insulin and
HOMA-IR in non-diabetic and diabetic. On other hand,
Same study, showed that insulin levels were increased in results showed a significant association between
the overweight individuals, therefore, cannot ignore the betatrophin and HOMA-B in T2DM only. Ambrosi G et
possibility that elevated insulin was generally responsible al reported that the association of betatrophin with any
for the raised betatrophin in the overweight group but he glucose metabolism marker was similar among genders.”
suggested that these reasons are not enough to clarify Present results contradicted with some previous study
why betatrophin did not increase in obese population, that considered serum betatrophin concentrations in all
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individuals were significantly positively correlated with
FPG."”

Other studies show no significant positive correlation
between  betatrophin  concentration and  FPG
concentration.®?! In the diabetic patients, recent studies
demonstrated there was no statistically positive
significant correlation between betatrophin and FPG.*® %
Other studies revealed a positive significant correlation of
insulin - and HOMA-IR relation with  serum
betatrophin.’®?? In healthy and diabetic patients, the
correlation between betatrophin with insulin and HOMA-
IR found which contradict with these study findings.*®*’

More recently studies results illustrated that the relation
between betatrophin and HOMA-B had a negative
correlation both groups.”*? However, it was later shown
that betatrophin levels had non-significant positive
relation with HOMA-$ in control healthy or NDM which

is not the case in the current study.? The paradoxical
results may be related to the following observations; first,
duration of T2DM where investigators reported that
people with longer duration of diabetes had greater
betatrophin levels.”® Second, half subjects with T2DM
receiving medication. Moreover, medications such as
metformin could possibly modify the degree of insulin
resistance and then affect the relation between
betatrophin and insulin resistance.® Third, differences in
sample size and ethnic groups and sampling.'®**’ Fourth, a
potential diverse grade of inflammation may also exert a
discrepancy impact because it impinges on both glucose
and lipid metabolism.? Lastly, the cross-sectional design
of present study shows no causal relationships between
betatrophin and glucose-related variables and in this
cross-sectional study betatrophin levels estimated at a
singlgzpoint, which cannot reflect betatrophin levels over
time.

Table 3: Univariable and stepwise multivariable linear regression of betatrophin with other variables as
independent variables.

Univariable

VA Coefficient - B P-value
Age (years) -0.0999 0.0726
Weight (kg) 0.0021 0.9198
Height (cm) 0.0216 0.7631
WC (cm) -0.0236 0.3178
BMI (kg/m?) 0.0029 0.7256
SBP (mm Hg) -0.0320 0.5296
DBP (mm Hg) -0.0956 0.3558
FPG (mg/dl) -0.0120 0.0930
TC (mg/dl) -0.0208 0.0822
TGs (mg/dl) -0.0063 0.2581
HDL-C (mg/dl) 0.0259 0.4474
LDL-C (mg/dl) -0.0102 0.4689
U.A (mg/dl) 0.8500* 0.0200
TSH (uIU/ml) -0.1894 0.5680
FI (mU/ml) -0.0640 0.3320
HOMA-IR -0.1450 0.1890
HOMA- B 0.0160 0.1580
Glucagon (pg/ml) 0.0027 0.1856
GLP-1 (ng/ml) 0.0096 0.6865
HGF (pg/ml) 0.0220 0.6473
Irisin (ng/ml) 2.9560 0.1320

Stepwise R“= 0.064
Coefficient - B

*Significant correlation (P <0.05); BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG:
fasting plasma glucose; TC: total cholesterol; TGs: triglycerides; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; UA: uric acid; TSH: thyroid stimulating hormone; FI: fasting insulin; HOMA-IR: homeostasis model assessment-insulin resistance; HOMA-

B: homeostasis model assessment-f cells; GLP-1: glucagon like peptide- 1 ; HGF: hepatocyte growth factor.

Previous results showed that betatrophin may play a role
in the mechanisms underlying T2DM associated with
insulin resistance and B-cell function, and cytokine-
mediated crosstalk may occur among the liver, adipose
tissue, and skeletal muscle. Furthermore, one study in
humans reported that betatrophin may play an essential
role in the compensatory overproduction of insulin in
insulin resistance state and control B-cell replication.?

Besides, the correlation between betatrophin and
glucagon in diabetics may have a role in HOMA-B
relation with betatrophin. Glucagon receptor is
upregulated in B-cells in response to rising concentrations
of glucose.®® This may have essential biological
consequences in diabetes as fasting and postprandial
glucagon levels are raised because of a loss of negative
control by insulin.®" In T2DM, hyperglucagonemia is one
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of the numerous factors that participate in changing B-cell
function along with islet inflammation and lipotoxicity.*
On the other hand, to date, there has been no reliable
evidence showed the role of glucagon effect on
betatrophin.

We demonstrated a novel significant positive relationship
between betatrophin and glucagon in diabetic subjects
and this make the possible role of glucagon and possibly
glucagon receptors in activation of betatrophin and that is
in turn, had relation to B-cell regeneration. A clear
understanding of betatrophin/glucagon interaction is very
important. Glucagon activates AMPK, p38 MAPK, and
INK.*% In subjects with T2DM, glucagon was elevated
and participates in the change of excess hepatic glucose
production and hyperglycaemia.

Puigserver et al demonstrated that glucagon activates via
CAMP an important regulator of PGC-1 o gene
expression, increases PGC-1 o levels, promotes
transcription of the irisin precursor FNDC5.%# Irisin and
betatrophin may be stimulated by the current study and
the concluded pathway; glucagon— glucagon receptor —
PKA/p38 MAPK— PGC-la— irisin— betatrophin— -
cell regeneration.

However, current study found no association between
betatrophin and irisin in women, which might be due to
the following reasons: exercise contribution in irisin
expression and secretion was not assessed in this study,
diabetes mellitus is a group of metabolic diseases
influenced by many factors (such as obesity, blood lipids,
insulin, dietary), and not excluded the confounding factor
of obesity in this study.

Current study results showed that betatrophin and irisin
levels lacked a significant correlation in T2DM subjects,
which might remain to be carefully interpreted when
compare the results of animal models with humans,
which shows that betatrophin may not regulate pancreatic
B-cell expansion or control pancreatic B-cell function in
T2DM patients, the positive effect of irisin on glucose
homeostasis may be because of other mechanisms, like
inducing browning of WAT.?®

Correlation between betatrophin and uric acid

Correlation results of betatrophin with uric acid are
consistent with findings of Yi et al which reported
partially significant positive correlation between
betatrophin and uric acid both groups.”? The above
findings contradict the study which found significant
inverse correlations between the circulating betatrophin
and uric acid.*” A recent study shows that circulating
irisin is highly significantly related to uric acid
metabolism in a Chinese population. In addition, the
author reported a significant direct correlation between
irisin and uric acid in overweight/obese group.*® Uric acid
may have triggered the ROS generation through various

mechanisms, and this may, in turn, stimulated irisin
and/or in turn betatrophin through activating p38 MAPK.

Multiple stepwise regression of betatrophin and other
variables show that the main predictor of circulating
betatrophin was only uric acid. In reviewing most of the
betatrophin articles for different authors, it was apparent
that there were different predictor variables of betatrophin
in a different status. In contrast, several studies revealed
different variables were independently related factors to
circulating betatrophin like; c-GT and HOMA-IR, BMI,
FT4 and HDL-C, insulin, FPG and HOMA-IR , insulin
and HOMA-IR, age and increment of C-peptide and
HOMA-IR and LDL-C.'0?2%293%40 A these predictor
variables interpret betatrophin independently. Several of
these predictor variables not included in the current study
and the others don't have a significant independent
prediction for betatrophin.

CONCLUSION

From the present study it was found that serum
betatrophin levels in non-diabetic subjects were not
significantly higher than in T2DM subjects. Circulating
betatrophin was positively correlated with HOMA-B and
glucagon in the diabetic women. The results indicate that
betatrophin may play a role in the mechanisms
underlying T2DM associated with o and B cell function,
especially in women. A serum betatrophin level shows a
positive correlation with uric acid concentration.

ACKNOWLEDGEMENTS

Authors would like to thanks to the staff of Obesity
Research and Therapy Unit, Alkindy College of
Medicine, University of Baghdad, Baghdad, Iraq,
Teaching Laboratories, Baghdad Teaching Hospital.
Furthermore, many thanks to the Department of
Immunology, teaching laboratories for their assistance in
biochemical and hormones measurements.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Lickert H. Betatrophin fuels B cell proliferation:
first step toward regenerative therapy? Cell Metab.
2013;18(1):5-6.

2. Crunkhorn S. Metabolic disorders: betatrophin
boosts p-cells. Nat Rev Drug Discov.
2013;12(7):504.

3. YiP, Park JS, Melton DA. Betatrophin. A hormone
that controls pancreatic beta cell proliferation. Cell.
2013;153(4):747-58.

4. Zhang R. Lipasin, a novel nutritionally-regulated
liver-enriched  factor that regulates serum

International Journal of Research in Medical Sciences | October 2016 | Vol 4 | Issue 10  Page 4269



10.

11.

12.

13.

14.

15.

16.

17.

18.

Mohammed AK et al. Int J Res Med Sci. 2016 Oct;4(10):4264-4271

triglyceride levels. Biochem Biophys Res Commun.
2012;424(4):786-92.

Ren G, Kim JY, Smas CM. Identification of RIFL, a
novel adipocyte-enriched insulin target gene with a
role in lipid metabolism. Am J Physiol Metab.
2012;303(3):334-51.

Dong XY, Pang XW, Yu ST, Su YR, Wang HC,
Yin YH, et al. Identification of genes differentially
expressed in human hepatocellular carcinoma by a
modified suppression subtractive hybridization
method. Int J cancer. 2004;112(2):239-48.
Quagliarini F, Wang Y, Kozlitina J, Grishin N V,
Hyde R, Boerwinkle E, et al. Atypical angiopoietin-
like protein that regulates ANGPTL3. Proc Natl
Acad Sci U S A. 2012;109(48):19751-6.

Bostrom P, Wu J, Jedrychowski MPM, Korde A, Ye
L, Lo JC, et al. A PGC1-a-dependent myokine that
drives brown-fat-like development of white fat and
thermogenesis. Nature. 2012;481(7382):463-8.
Sanchis GF, Perez QC. The p38-PGC-1o—irisin—
betatrophin axis. Adipocyte. 2014;3(1):67-8.
Lohman TG, Roche AF, Martorell R, Pelletiet D.
Anthropometric standardization reference manual.
Lohman TG, Roche AF, Martorell R, editors. Am J
Hum Biol. 1992;4(3):425-6.

Frisancho AR. Anthropometric standards for the
assessment of growth and nutritional status. A.R.
The University of Michigan Press. 1990:189.
Douketis JB, Paradis G, Keller H, Martineau C.
Canadian guidelines for body weight classification
in adults: application in clinical practice to screen
for overweight and obesity and to assess disease
risk. Canadian Med Asso J. 2005;172(8):995-8.
Flier JS, Flier ME. Obesity. In: DL K, editor.
Harrisons’s principles of Internal Medicine. 16th
editi. USA, McGraw-Hill Companies; 2005:422-30.
World Health Organization. Definition and
diagnosis of diabetes mellitus and intermediate
hyperglycemia: Report of a WHO/IDF consultation.
Production. 2006;1-52.

Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and B-cell function
from fasting plasma glucose and insulin
concentrations in man. Diabetologia.
1985;28(7):412-9.

Guo K, LuJ, Yu H, Zhao F, Pan P, Zhang L. Serum
betatrophin  concentrations are  significantly
increased in overweight but not in obese or type 2
diabetic individuals. Obesity. 2015;23(4):793-7.

Xie X, Gao T, Yang M, Chen P, Jin H, Yang L, et
al. Associations of betatrophin levels with irisin in
Chinese women with normal glucose tolerance.
Diabetol Metab Syndr. 2015;7:26.

Fu Z, Berhane F, Fite A, Seyoum B, Abou-Samra
AB, Zhang R. Elevated circulating
lipasin/betatrophin in human type 2 diabetes and
obesity. Sci Rep. 2014;4:5013.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Yamada H, Saito T, Aoki A, Asano T. Circulating
betatrophin is elevated in patients with type 1 and
type 2 diabetes. Endocr J. 2015;62(5):417-21.

Ambrosi GJ, Pascual E, Catalan V, Rodriguez A,
Ramirez B, Silva C, et al. Circulating betatrophin
concentrations are decreased in human obesity and

type 2 diabetes. J Clin Endocrinol Metab.
2014;99(10):2004-9.

Tokumoto S, Hamamoto Y, Fujimoto K,
Yamaguchi E, Okamura E, Honjo S, et al.

Correlation of circulating betatrophin concentrations
with insulin secretion capacity, evaluated by
glucagon  stimulation  tests.  Diabet  Med.
2015;32(5):653-6.

Yi M, Chen R, Yang R, Guo X. Betatrophin acts as
a diagnostic biomarker in type 2 diabetes mellitus
and is negatively associated with hdl-cholesterol. Int
J Endocrinol. 2015;47:9157.

Espes D, Martinell M, Carlsson PO. Increased
circulating betatrophin concentrations in patients
with type 2 diabetes. Int J Endocrinol. 2014;6.

Ebert T, Kralisch S, Wurst U, Lossner U, Kratzsch
J, Bluher M, et al. Betatrophin levels are increased
in women with gestational diabetes mellitus
compared to healthy pregnant controls. Eur J
Endocrinol. 2015;173(1):1-7.

Farha AM, Abubaker J, Khairi Al, Cherian P,
Noronha F, Hu FB, et al. Higher plasma
betatrophin/ANGPTL8 level in type 2 diabetes
subjects does not correlate with blood glucose or
insulin resistance. Sci Rep. 2015;5:1-8.

Wang L, Song J, Wang C, Lin P, Liang K, Sun Y, et
al. Circulating levels of betatrophin and irisin are
not associated with pancreatic B -cell function in
previously diagnosed type 2 diabetes mellitus
patients. J Diabetes Res. 2016;2016:1-8.

Hu H, Sun W, Yu S, Hong X, Qian W, Tang B, et
al. Increased circulating levels of betatrophin in
newly diagnosed type 2 diabetic patients.
2014;37(10):2718-22.

Catalan V, Ambrosi GJ, Rodriguez A, Silva C,
Rotellar F, Gil MJ, et al. Expression of caveolin-1 in
human adipose tissue is up regulated in obesity and
obesity-associated type 2 diabetes mellitus and
related to inflammation. Clin  Endocrinol.
2008;68(2):213-9.

Calan M, Dokuzlar O, Aygun K, Yesil P, Arkan T,
Kocaer MAO, et al. SUN-1009:Relationship
between circulating betatrophin levels and insulin
resistance in prediabetic subjects.” Endo meetings.
2014:21-4.

Portois L, Tastenoy M, Viollet B, Svoboda M.
Functional analysis of the glucose response element
of the rat glucagon receptor gene in insulin-
producing INS-1 cells. Biochim Biophys Acta -
Gene Struct Expr. 2002;1574(2):175-86.

Muller WA, Faloona GR, Unger RH. The effect of
experimental insulin deficiency on glucagon
secretion. J Clin Invest. 1971;50(9):1992-9.

International Journal of Research in Medical Sciences | October 2016 | Vol 4 | Issue 10  Page 4270



32.

33.

34.

35.

36.

37.

Mohammed AK et al. Int J Res Med Sci. 2016 Oct;4(10):4264-4271

Omar B, Winzell SM, Ahren B. Conditional
glucagon receptor overexpression has multi-faceted
consequences for beta-cell function. Metabolism.
2014;63(12):1568-76.

Kimball SR, Siegfried BA, Jefferson LS. Glucagon
represses signaling through the mammalian target of
rapamycin in rat liver by activating AMP-activated
protein kinase. J Biol Chem. 2004;279(52):54103-9.
Cao W, Collins QF, Becker TC, Robidoux J, Lupo
EG, Xiong Y, et al. P38 Mitogen-activated protein
kinase plays a stimulatory role in hepatic
gluconeogenesis. J Biol Chem.
2005;280(52):42731-7.

Chen J, Ishac EJ, Dent P, Kunos G, Gao B. Effects
of ethanol on mitogen-activated protein kinase and
stress-activated protein kinase cascades in normal
and regenerating liver. Biochem J. 1998;334(3):669-
76.

Puigserver P.  Tissue-specific regulation of
metabolic pathways through the transcriptional
coactivator PGC1l-alpha. Int J Obes. 2005;29(1):5-9.
Corrales PE, Ambrosi GJ, Moncada R, Valenti V,
Catalan V, Rodriguez A, et al. Circulating
ANGPTLS/ betatrophin concentrations are increased

38.

39.

40.

after surgically induced weight loss, but not after
diet-induced weight loss. Obes Surg. 2016;1-9.
Tang S, Zhang R, Jiang F, Wang J, Chen M, Peng
D, et al. Circulating irisin levels are associated with
lipid and uric acid metabolism in a Chinese
population. Clin  Exp Pharmacol Physiol.
2015;42(9):896-901.

Fernandez BS, Folgueira C, Seoane LM, Casanueva
FF, Dieguez C, Castelao C, et al. Circulating
betatrophin levels are increased in anorexia and
decreased in morbidly obese women. J Clin
Endocrinol Metab. 2015;100(9):1188-96.

Erol O, Ellidag HY, Ayik H, Ozel MK, Derbent
AU, Yilmaz N. Evaluation of circulating betatrophin
levels in gestational diabetes mellitus. Gynecol
Endocrinol. 2015;31(8):652-6.

Cite this article as: Mohammed AK, Khazaal FAK.
Betatrophin is correlated with glucagon and insulin
release rather than insulin resistance marker in type 2
diabetes mellitus Iragi women. Int J Res Med Sci
2016;4:4264-71.

International Journal of Research in Medical Sciences | October 2016 | Vol 4 | Issue 10 Page 4271



