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Circulating Betatrophin and Hepatocyte Growth Factor in
Type 2 Diabetic Patients: Their Relationship With Disease
Prognosis

Abdulrahman Abdulwahab Alduraywish

Abstract

Background: In Saudi Arabia, diabetes established itself as an epi-
demic that necessitates dissection of its predisposing factors and
pathogenesis to set appropriate preventive measures. In a cross-sec-
tional study, relationships between plasma betatrophin (BetaT) and
hepatocyte growth factor (HGF) on one side, and, glycemic control,
lipogram, anthropometric indices, treatment and prognosis on the oth-
er side were assessed in Saudi patients with type 2 diabetes mellitus
(T2DM) vs. healthy controls.

Methods: The study voluntarily enrolled 202 T2DM patients (44
males and 158 females) and socioeconomically, age- and body mass
index (BMI)-matched 106 healthy participants (71 males and 35 fe-
males). All participants were subgrouped according to gender and
BMI (< 25 and > 25) and patients were also subgrouped according
to disease duration (< 5 and > 5 years) and treatment (insulin/non-
insulin). Demographic and anthropometric data were anonymously
collected. EDTA whole blood for HbA1c and its plasma for bioassays
were frozen at -80 °C. Standard procedures and specific immunoas-
says were employed for biomarkers.

Results: Plasma insulin paralleled BMI and disease duration and was
highly significantly different comparing patients and healthy con-
trols. As expected glycemic control and lipogram indices were also
highly significantly different comparing patients and healthy controls.
Because of the massive individual variation in the plasma levels of
each of betatrophin (except for a higher level in patients with lower
BMI) and HGF (except for a higher level in females and those with
higher BMI among controls), there were non-significant differences
comparing patients and healthy controls. Males were more inclined
to have more insulin treatment. Surprisingly, the later doubled the
disease severity complication score and correlated negatively with
plasma HDL-cholesterol. Betatrophin did not show much correlation
among controls but correlated negatively with age and cholesterol and
positively with BMI and HbA ¢ in patients. HGF showed very clear
negative correlation with age and plasma insulin in patients.
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Conclusion: The massive individual variation in plasma content of
betatrophin and HGF did allow specific diagnostic/pathogenetic clas-
sification for these two hepato-/adipokines. This may reflect gene
polymorphism at their gene regulatory sequences and/or resistance
correlating insulin resistance. The former is being pursued in our lab-
oratory for patients with distinctly higher and lower levels.
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Introduction

Diabetes has reached an epidemic stage as most common en-
docrine disease with progressive incidence worldwide. In the
major type 2 diabetes mellitus (T2DM), improper blood glu-
cose metabolism is caused by impaired insulin secretion and/or
insulin resistance (IR). The progressive decline in insulin pro-
duction by the pancreatic j cells ultimately leading to T2DM
is instigated by obesity-associated IR [1, 2]. Actually, T2DM
is a magnitude of diseases since it involves abnormalities in
57 genes and 136 single nucleotide polymorphisms that afflict
insulin secretion, resistance, signaling, and B-cell dysfunction,
along with epigenetic changes due to environmental factors en-
compassing ethnicity, nutrition, intrauterine surroundings, and
obesity. Therefore, personalizing T2DM medication requires
detailed genotypic information that considers the ethnicity and
environmental background to ensure better management [3].
Moreover, increased saturated fats in cellular membranes were
suggested to impair insulin secretion and signaling and glu-
cose uptake [4].

Betatrophin, angiopoietin-like protein (ANGPTL)-8 or li-
pasin secreted from the liver and adipose tissue controversially
was reported to modulate pancreatic B-cell mass and glucose
homeostasis reflectable on lipid metabolism. However, it does
not have an effect on B-cell replication in human pancreatic
islets. Serum betatrophin levels in humans correlate with im-
proved adipose tissue lipid storage and lower serum triglycer-
ide (TAGs) levels in the fed state, but do not correlate with IR
or carbohydrate tolerance in humans [5-10]. Lipoprotein lipase
(LPL) is determining in the disposal of plasma TAGs where
its dysregulation increased incidents of cardiovascular disease
and T2DM. One of the key regulators of LPL is betatrophin
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[11, 12]. Betatrophin may be responsible for the increased
plasma TAGs levels in obese and T2DM [13].

Hepatocyte growth factor (HGF) is a mesenchymal-de-
rived pleiotropic factor that regulates growth, motility, and
morphogenesis of various cells [14]. HGF is highly expressed
in white adipose tissue [15, 16], where it exerts insulin-like
effects and stimulates glucose uptake in cultured adipocytes
by augmenting the activity of phosphatidylinositol 3-kinase-
dependent protein kinase B [17]. In humans, circulating HGF
positively correlated with insulin and glucose [18] and is re-
ported to be elevated in obesity [19], metabolic syndrome [18],
hypertension [20], and coronary heart disease [21]. HGF may
also be involved in the pathogenesis of diabetes [22-24]. How-
ever, the biological mechanisms linking HGF to the develop-
ment of diabetes are not well understood.

We planned to measure plasma levels of betatrophin and
HGF in Saudi T2DM patients and correlate them with the gly-
cemic control indices, lipid profile, body mass index (BMI),
body shape index (ABSI), gender, disease duration, complica-
tion score, and treatment regimen, compared to healthy con-
trols, hoping to highlight their possible pathogenetic/prognos-
tic roles.

Patients and Methods

This cross-sectional study was conducted in the College of
Medicine, Aljouf University, Sakaka, Saudi Arabia in the pe-
riod from November 1, 2015 to November 20, 2016. The study
enrolled patients and their healthy companions from Prince
Meteb General Hospital, Sakaka, Saudi Arabia. For that, it
earned an ethical clearance both from Ministry of Health Di-
rectorate and from Aljouf University Bioethics Committees.
The study voluntarily enrolled consented socioeconomically,
age- and BMI-matched normal healthy participants (n = 106)
aged 25 - 83 years (42.57 = 19.53) and T2DM patients (n =
202) aged 23 - 85 years (48.13 £26.06). Controls and patients
were subdivided according to their gender (male/female; n =
71/35 vs. 44/158) and BMI (< 25/> 25; n = 32/74 vs. 38/164),
respectively. Patients were further subdivided according to
their treatment (non-insulin/insulin; 82/120) and disease dura-
tion (< 5/> 5 years; n = 100/102), respectively. Demographic
data, anthropometric indices and disease history were anony-
mously recorded for each participant. Patients with renal or he-
patic failure, immobilization for any reason, acute infections,
autoimmune diseases, congenital and hemolytic anemias or
with systemic inflammatory diseases were excluded. Patients’
biomarkers were correlated also to their disease severity com-
plication score, where no complications = 0, one complication
=1, two complications = 2, three complications = 3, and, four
complications or more = 4 [25], and treatment score, where
no treatment = 0, metformin = 1, hypoglycemic/+ = 2, and,
insulin/+ = 3.

Morning fasting blood samples were collected on EDTA.
A whole blood aliquot of 100 pL was separated for HbAlc
measurement and rest were centrifuged to recover plasma that
was frozen in aliquots at -80 °C till used. Age- and gender-
stratified BMI (https://www.cdc.gov/healthyweight/assessing/
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bmi/adult_bmi/metric_bmi_calculator/bmi_calculator.html)
and ABSI (http://absi-calc.appspot.com; based on Krakauer
and Krakauer, 2012) were calculated from weight, height and
waist circumference (WC) of each participant [26].

Fasting lipid profile, TAGs, total cholesterol, LDL-choles-
terol (LDL-C), HDL-cholesterol (HDL-C) and glucose were as-
sayed quantitatively using enzymatic colorimetric kits (Human,
Gesellschaft fur Biochemica und Diagnostica mbH, Wiesbaden,
Germany). ELISA-based quantitative kits with specific stand-
ards and antibodies were used to assay human HbA 1¢ and insulin
(CEA190Hu/CEA448Hu; Cloud-Clone Corp., Wuhan, Hubei,
China), and betatrophin and HGF (SK00528-08/SK00331-02;
Aviscera Bioscience, Inc., Santa Clara, CA, USA).

Data were presented as number, range and mean + SEM.
Statistical analysis used Prism 6.0 GraphPad (GraphPad Soft-
ware, Inc., La Jolla, CA, USA) applying Student’s #-test and
one-way ANOVA with Newman-Keuls multiple comparison
test. Correlation among parameters within groups was ana-
lyzed using Spearman’s non-parametric correlation analysis
and r and P values were presented. Significance limit was set
at P value of < 0.05.

Results

Data of age, ABSI and BMI distribution among all par-
ticipants

Age

There were no significant differences among all subgroups in
age among normal participants except for the two BMI sub-
groups (BMI < 25 vs. BMI > 25; P < 0.01). Within T2DM
patients, comparing the two gender (male vs. female), the two
BMI, the two disease duration (< 5 vs. > 5 years), or the two
treatment (insulin vs. non-insulin) subgroups, there were sig-
nificant differences in age (P < 0.001). Differences were sig-
nificant also comparing the whole T2DM group vs. each of the
two disease duration subgroups (P < 0.001) and vs. patients on
insulin treatment (P < 0.05). Comparing the healthy partici-
pants and T2DM patients as whole groups showed non-signif-
icant difference; however, their respective males (P < 0.001),
their respective females (P < 0.05) and their respective BMI >
25 subgroups (P < 0.05) showed significant differences in age

(Fig. 1).
ABSI

Within normal participants, comparing the whole group and
the two BMI subgroups, there were non-significant differences
in ABSI, but, comparing the whole group and the two gen-
der subgroups, there were significant differences (whole vs.
each of males and females and males vs. females, P < 0.001).
Among T2DM patients, only comparing the whole and the two
gender subgroups of patients, there were significant differenc-
es in ABSI (whole vs. males and males vs. females, P <0.001).
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Figure 1. Age, body shape index (ABSI) and body mass index (BMI) distribution among all participants (normal healthy controls
= N in black shades and diabetic patients = T2DM in red shades). Participants were subgrouped according to gender (M: male;
F: female) and BMI (< 25 and = 25). T2DM patients were further subgrouped according to disease duration (< 5 and > 5 years)
and treatment received (non-insulin and insulin). Data are shown as mean + SEM. For significance of differences, see the text.

Comparing the two whole groups of healthy participants vs.
T2DM patients, their respective males or their respective two
BMI subgroups, there were non-significant differences. But
their respective females were significantly different in ABSI
(P<0.001).

BMI

Among healthy controls, only comparing the whole and the
two BMI subgroups, there were significant differences (whole
vs. each of those with BMI < 25, P <0.001, those with BMI >
25, P <0.01 and the two BMI subgroups, P < 0.001). Among
patients, comparing the whole and the two BMI subgroups
of T2DM patients, there were highly significant differences
amongst three of them (P < 0.001). For the two disease dura-
tion (< 5 vs. > 5 years) and the two treatment (insulin vs. non-
insulin) subgroups, there was a significant difference in their
BMI (P <0.05). Comparing the whole T2DM patients vs. those
on insulin, there was a significant difference (P < 0.05). Com-
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paring the whole normal participants vs. the whole of T2DM
patients or their respective BMI subgroups, there were non-
significant differences and their respective gender subgroups
were mildly significantly different (P < 0.05).

Plasma lipid profile findings among all participants

Fasting plasma total cholesterol

There were non-significant differences among the whole group
of healthy participants and their subgroups for gender and BMI
in total cholesterol. Similar results were shown among T2DM
patients for gender, disease duration and treatment subgroup-
ings. But T2DM patients with BMI < 25 were significantly
lower than those with BMI > 25 (P < 0.05) in total choles-
terol. Comparing healthy controls vs. T2DM patients as whole
groups and as respective gender and BMI subgroups showed
highly significant increases in total cholesterol (P < 0.001 for
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Figure 2. Plasma lipogram findings among all participants. Participants’ subgroups, abbreviations and color indication are the
same as in Figure 1. TC: serum total cholesterol, LDL-C: LDL-cholesterol, HDL-C: HDL-cholesterol; TAGs: triacylglycerols. Data

are shown as mean + SEM.

all except the two BMI <25, P<0.01).

Fasting plasma LDL-C

Among the whole normal participants and their two gender and
BMI subgroups, there were non-significant differences in plas-
ma LDL-C. Similarly, comparing the whole group of T2DM pa-
tients and their respective gender, disease duration, or treatment
subgroups, there were non-significant differences. But compar-
ing the whole T2DM group vs. the two T2DM BMI subgroups,
there were significant differences (whole vs. BMI <25 and BMI
< 25 vs. BMI > 25; P < 0.05). Comparing T2DM patients vs.
normal controls and their respective gender or BMI subgroups,
there were significant increases in LDL-C (P < 0.001) (Fig. 2).

Fasting plasma HDL-C

Comparing the whole normal participants and their two gender

34
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and BMI subgroups, there were non-significant differences in
plasma HDL-C. Similarly, T2DM patients did not show sig-
nificant differences comparing the whole group and their two
gender, disease duration and treatment subgroups. The T2DM
patients’ BMI subgroups showed slightly significant differ-
ence in plasma HDL-C (P < 0.05). Plasma HDL-C was highly
significantly reduced in the whole group of patients than the
whole normal controls, comparing their respective gender and
BMI subgroups (P < 0.001).

Fasting plasma TAGs

There were non-significant differences comparing the whole
group of healthy participants and their subgroups for gender
and BMI in total plasma TAGs. Similar results were shown
among T2DM patients not only for gender and BMI but also
for disease duration and treatment subgroupings. Comparing
healthy controls vs. T2DM patients as whole groups and as
respective gender and BMI subgroups, there were highly sig-
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Figure 3. Glycemic control indices among all participants in plasma and whole blood. Participants’ subgroups, abbreviations and
color indication are the same as in Figure 1. Data shown are mean + SEM.

nificant increases in total plasma TAGs (P < 0.001).

Glycemic control indices among all participants in plasma
and whole blood

Fasting plasma glucose

There were non-significant differences comparing the whole
group of healthy participants and their subgroups for gender and
BMI in plasma glucose. Comparing T2DM patients as a whole
group vs. their males and comparing their two gender subgroups,
there were significant differences (P < 0.01). Comparing the
whole group of T2DM patients vs. their BMI or their treatment
subgroups did not show significant differences, but their two
BMI subgroups (P < 0.05), the two disease duration (P < 0.01),
and the two gender (P < 0.01) subgroups were significantly dif-
ferent in plasma glucose. Comparing the normal and patients’
whole groups and their respective gender and BMI subgroups
showed significantly higher blood glucose (P < 0.001) (Fig. 3).

Whole blood HbAlIc

Comparing whole group of healthy participants and their gen-
der subgroups, there were non-significant differences in HbAlc
%. However, their BMI subgroupings were significantly dif-
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ferent (P < 0.001). Likewise, comparing the whole group of
T2DM patients and their gender, disease duration and treatment
subgroups, there was non-significant difference. However, their
two BMI subgroups showed significant difference in HbAlc (P
< 0.001). Comparing the whole groups of healthy controls and
patients and their respective gender and BMI subgroups, there
were highly significant increases in HbAlc (P <0.001).

Plasma insulin level

Comparing the whole group of healthy participants and their
gender subgroups, there were non-significant differences in
plasma insulin content. However, the two normal BMI sub-
groups showed significant differences (the two subgroups vs.
each other, P < 0.05 and comparing the whole group vs. those
with BMI < 25, P < 0.01). Among patients, only the compari-
son between the two BMI (P < 0.05) and disease duration (P
< 0.01) subgroups showed significant differences. There were
highly significant increases in plasma insulin comparing pa-
tients and healthy controls as whole groups and as gender and
BMI subgroups (P < 0.001) (Fig. 3).

In healthy control, plasma insulin correlated positively
with each of age (in whole and females; r = 0.502 and P <
0.01), BMI (in all except those with lower BMI; r = 0.601 and
P < 0.001), TAGs (in females; r = 0.376 and P < 0.05), and
HbAlc (r = 0.327 and P < 0.001), and, negatively with ABSI
(in males; r = -0.466 and P < 0.01). In patients, insulin cor-
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Figure 4. Plasma betatrophin (BetaT) and hepatocyte growth factors (HGF) among all participants. Participants’ subgroups, ab-
breviations and color indication are the same as in Figure 1. Data are shown as mean + SEM.

related negatively with HDL-C (r =-0.353 and P < 0.05), and
positively with each of age (in those on non-insulin treatment
and shorter disease duration; r=0.232 and P <0.05), BMI (ex-
cept those with lower BMI; r = 0.448 and P <0.001), ABSI (in
those with lower BMI, longer disease duration and on insulin
treatment; r=0.318 and P<0.01), glucose and HbA1c (strong-
est correlation in those on non-insulin treatment and shorter
disease duration; r = 0.346 and P < 0.001, and, r = 0.331 and
P < 0.001, respectively). In patients, also HbAlc correlated
negatively with HDL-C (r = -0.345 and P < 0.05).

Plasma betatrophin and HGFs among all participants

Plasma betatrophin level

Comparing the whole group of healthy participants and their
gender and BMI subgroups, there were non-significant differ-
ences in plasma betatrophin content. Likewise, T2DM patients
as whole group and as gender and disease duration and treat-
ment subgroups did show significant differences in plasma be-
tatrophin. Comparing patients BMI subgroups showed higher
betatrophin in those with lower BMI (P < 0.05). Comparing
the whole group of patients vs. the whole group of healthy par-
ticipants and all of their respective subgroups, there were non-
significant differences in plasma betatrophin (Fig. 4).

Plasma HGF level

Comparing the whole group of healthy participants vs. their
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gender and BMI subgroups, there were non-significant dif-
ferences in plasma HGF content. However, comparing their
gender and BMI subgroups, there were significantly higher
HGF in females and those with higher BMI (P < 0.05). T2DM
patients as a whole and all types of subgroups did not show
significant differences in plasma HGF. Comparing the whole
group of patients vs. the whole group of healthy participants
and all of their respective gender and BMI subgroups, there
were non-significant differences in plasma HGF.

In healthy control, plasma betatrophin correlated posi-
tively with ABSI in those with higher BMI (r = 0.368 and P <
0.05) and negatively with HbAlc (in females; r = -0.340 and
P < 0.05). In patients, betatrophin correlated negatively with
age (in whole and all subgroupings except males, higher BMI
and shorter disease duration; r = -0.300 and P < 0.001), total
cholesterol and LDL-C (in those on non-insulin treatment and
those with longer disease duration; r = -0.257 and P < 0.01,
and, r = -0.163 and P < 0.05, respectively). In patients, beta-
trophin correlated positively with each of BMI (in those on
insulin treatment, with BMI > 25 and longer disease duration; r
=(.245 and P < 0.05), glucose and HbA 1¢ (in those on insulin
treatment and those with higher BMI; r = 0.184 and P < (.05,
and, r = 0.242 and P < 0.05, respectively). In patients, also
betatrophin correlated positively and negatively with ABSI (in
those on non-insulin treatment and shorter disease duration; r
=0.225 and P < 0.05 vs. those on insulin treatment; r = -0.219
and P < 0.05, respectively).

In healthy control, plasma HGF correlated positively with
each of BMI, glucose and HbAlc, and, negatively with ABSI
(in the whole group, those with higher BMI and males; 1/P
value, r = 0.416 and P < 0.001, r = 0.240 and P < 0.05, r =
0.325 and P<0.01, and, r=-0.420 and P < 0.05, respectively).

www.jofem.org
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Figure 5. Subgroup of the type 2 diabetic patients according to their treatment score (TS), complication/severity score (CS) and

their disease duration (DD). Data are shown as mean + SEM.

In patients, HGF correlated negatively with each of age (in fe-
males, those on insulin treatment, and shorter disease duration;
r=-0.223 and P < 0.05), ABSI (in those on insulin treatment;
r=-0.189 and P < 0.05), HbAlc (in those on insulin treatment
and shorter disease duration; r = -0.195 and P < 0.05), and,
insulin (in whole and all subgroups except those with lower
BMI; r = -0.234 and P < 0.001). In patients, HGF also corre-
lated positively with each of total cholesterol and LDL-C (in
females, in those on insulin treatment and with longer disease
duration; r = 0.196 and P < 0.05, and, r = 0.203 and P < 0.05,
respectively) and betatrophin (in those on insulin treatment; r
=0.235 and P <0.05).

The treatment score and disease complication severity
score of T2DM patients

Treatment score

Comparing T2DM patients as whole group and their disease
duration subgroups, there were highly significant differences
(P <0.001) in the nature of their treatment scores with progres-
sive dependence on insulin treatment. The score was also sig-
nificantly higher comparing males vs. females (P < 0.01) and
the whole patients’ group vs. males (P < 0.05) (Fig. 5).

Disease complication score

Comparing T2DM patients as whole group and their disease
duration and treatment subgroups, there were highly signifi-
cant differences (P < 0.001) in the nature of their disease com-
plications scores tending to increase with insulin treatment and
longer disease duration. The score was also significantly dif-
ferent comparing their BMI subgroups (P < 0.05).

Disease duration

Comparing T2DM patients as whole group and their treat-
ment subgroups, there were highly significant differences (P <
0.001) in the duration of the disease in years. Disease severity
complication score correlated positively with each of age (r
=0.524 and P < 0.001), ABSI (strongest in those with higher
BMI; r=0.299 and P < 0.001), BMI (r =0.328 and P < 0.001),
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total cholesterol and LDL-C (in those with shorter disease du-
ration; r = 0.0195 and P < 0.05, and, r = 0.210 and P < 0.05,
respectively), TAGs (in females; r = 0.195 and P < 0.05), glu-
cose and HbA I ¢ (strongest in females; r=0.266 and P < 0.001,
and, r = 0.229 and P < 0.01, respectively), and treatment score
(r=0.478 and P<0.001), and, negatively only with HDL-C (in
females; r=-0.217 and P <0.01).

Discussion

I am very keen in participating in the national research efforts
to characterize and combat the current diabetes epidemic cost-
ing the country enormously socially and economically [27-
29]. Among the anthropometric indices, ABSI was weakest
anthropometric discriminator of T2DM across all race gender
groups, except for blacks [30]. However, ABSI is applied in
population level risk assessment [31]. In the present study,
diabetic subgroups for gender, BMI, disease duration, or treat-
ment showed highly significant differences in age. The whole
T2DM group was also significantly different in age compared
to each of the two disease duration subgroups and insulin
treatment. Comparing the whole and the two gender and BMI
subgroups of T2DM patients, there were significant differ-
ences in ABSI. It is known that ABSI may be of importance
in risk prognosis of T2DM and/or atherogenesis [32, 33]. In
young and otherwise healthy sedentary men, ABSI is a better
predictor than BMI of variability in biochemical parameters
due to disturbance in metabolic processes [34]. ABSI pre-
dicted all-cause mortality independent of BMI in a large co-
hort of American adults during an average 4.8-year follow-up
[26, 31]. ABSI was significantly associated with the incidence
of diabetes and dyslipidemia even after adjustment for BMI,
where it is predictively superior to WC after sex- and age-ad-
justment in Japanese adults [35]. ABSI is a weaker predictor
of cardiovascular disease mortality among White Americans
[36], cardiovascular disease risk factors among Asians [35]
and stroke risk among Spanish European men [37]. In our
controls and patients, ABSI correlated negatively with BMI
and HGF. In patients, it correlated negatively also with betat-
rophin and LDL-C but positively with disease complications,
duration and insulin treatment.

In the present study, T2DM patients with BMI < 25 were
significantly lower than those with BMI > 25 in total plasma
cholesterol. Comparing healthy controls vs. T2DM patients as
whole groups and as respective gender and BMI subgroups,
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there were highly significant increases in total cholesterol for
all except the two BMI <25 subgroups. Comparing T2DM pa-
tients vs. normal controls and their respective gender or BMI
subgroups, there were highly significant differences in LDL-C.
Plasma HDL-C was highly significantly reduced in the whole
group of patients than normal controls, comparing their respec-
tive gender and BMI subgroups. Comparing healthy controls
vs. T2DM patients as whole groups and as respective gender
and BMI subgroups, there were highly significant increases in
total plasma TAGs. In comparison, patients with T2DM exhib-
it hypertriglyceridemia and low HDL-C levels, whereas levels
of LDL-C have been reported to be normal, higher or lower
[38, 39] than those in non-diabetic controls. Such dyslipidemia
is a result of resistance to the antilipolytic effect of insulin with
an exaggerated flux of free fatty acids into the liver [40] and a
resistance of the hepatic very LDL secretion to the inhibitory
effects of insulin [41-43]. Low HDL-C/high TAGs of T2DM
significantly predicted the incidence of vascular events [44].
Ahmed et al (2013) claimed that glycemic control and dyslipi-
demia in diabetic patients correlate each other and are interde-
pendent [45].

Comparing T2DM patients as a whole group vs. their
males and comparing their two gender subgroups, there
were significant differences in plasma glucose. Plasma glu-
cose was significantly different between whole group of
T2DM patients and their BMI, disease duration, and gender
subgroups. Also, plasma glucose was highly significant be-
tween normal and patients and their respective gender and
BMI subgroups. Among patients, plasma insulin showed a
significant difference between the two BMI and disease dura-
tion subgroups. Also, when comparing patients and healthy
controls as whole group and as gender and BMI subgroups,
there were significant differences. HbAlc showed significant
difference comparing the two BMI subgroups of healthy par-
ticipants and T2DM patients. Comparing the whole groups
of healthy controls and patients and their respective gender
and BMI subgroups, there were highly significant increases
in HbAlc. Reportedly, irrespective of the diabetes type and
BMI, HbAlc is a good indicator for the disease control [46,
47]. However, Kale and Rawat (2006) found that HbAlc
does not correlate circulating insulin or BMI [48]. On the
contrary, HbAlc is higher in obese diabetes than the non-
obese [49]. HbA 1c measurements can be better interpreted in
the early weeks of anti-diabetic treatment [50]. The highest
frequency of abnormal glycemic control in DM was present
in age group of 41 - 60 years and it was lowest in group
of 27 - 40 years. Moreover, HbAlc was higher in males as
compared to females [51]. HbAlc, fasting insulin, HOMA-
IR, inflammation and hyperglycemia jointly contribute to the
cardiovascular risk in T2DM men [52].

Betatrophin, as a hepato-/adipokine hormone, correlates
body adiposity. The notion that betatrophin may interfere with
the compensatory response to IR has raised hope for new dia-
betes therapeutic in humans. However, in mouse, betatrophin
overexpression has no effect on B-cell proliferation and dif-
ferentiation but rather it increased blood TAGs [53, 54]. This
led to the retraction of the original hypothesis propagating its
B-cell trophic effect [8, 55]. Meanwhile, opinions regarding the
associations of betatrophin with T2DM and obesity in humans
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are also discrepant. Circulating betatrophin level is elevated in
T2DM and obesity [56] and correlated with lipid profiles. Guo
et al (2015) found that betatrophin is associated only with lipid
metabolism and has nothing to do with glucose homeostasis
[57]. In the present study, there is a very different conclusion
because comparing the whole group of healthy participants and
their gender and BMI subgroups, there were non-significant
differences in plasma betatrophin content. Likewise, T2DM
patients as whole group and as gender and disease duration and
treatment subgroups did show significant differences in plas-
ma betatrophin except for their BMI subgroups that showed
slightly higher betatrophin in those with lower BMI. Compar-
ing the whole group of patients vs. the whole group of healthy
participants and all of their respective subgroups, there were
non-significant differences in plasma betatrophin. Previous re-
ports showed higher betatrophin levels in T2DM patients than
healthy controls [58-62]. Other investigators found that level
of betatrophin in T2DM was significantly lower than healthy
control [63, 64]. Still, others found no change in the levels of
betatrophin [57, 65].

Many investigators showed that the circulating levels of
betatrophin in individuals without diabetes were positively
correlated only with age [58, 59]. Others showed that betatro-
phin in healthy controls was negatively correlated with age in
lean and obese group, and, with total cholesterol and LDL-C
in obese group [65]. In our T2DM patients, betatrophin nega-
tively correlated with age in each of the whole group, females
and those with lower BMI, the two treatments, and those with
longer disease duration subgroups. Betatrophin positively cor-
related with BMI in patients with higher BMI, insulin-treated
and those with longer disease duration. Betatrophin positively
correlated with ABSI in non-insulin-treated patients and pa-
tients with shorter disease duration but negatively with ABSI
in insulin-treated patients. Betatrophin positively correlated
with glucose and HbAlc in insulin-treated patients and those
with higher BMI. However, it negatively correlated with LDL-
C and total cholesterol in non-insulin-treated patients. Betat-
rophin negatively correlated with total cholesterol in patients
with longer disease duration. In this aspect, Abu-Farha et al
(2015) showed that betatrophin healthy controls negatively
correlated with age, BMI, waist/hip ratio, blood glucose,
HbAlc, insulin levels, HOMA-IR, and plasma TAGs [62]. Fu
et al (2014) showed that in healthy participants, betatrophin
negatively correlated with BMI [66]. Gomez-Ambrosi et al
(2014) complicated the picture more by showing that betatro-
phin in healthy controls was negatively correlated with HDL-
C, but positively correlated with BMI and WC [63]. Wang et
al (2016) found a positive correlation between betatrophin and
age but an inverse association with BMI in normal participants
and HDL-C in females. However, there was no correlation be-
tween betatrophin and fasting glucose, insulin, HbAlc, TAGs,
total cholesterol or LDL-C [67]. In T2DM, many investiga-
tors showed that level of betatrophin was positively correlated
with age [60, 68], diabetes duration [62, 68], HbAlc [56, 58,
60], total cholesterol and LDL-C [59, 65], HDL-C [59, 63],
TAGs [60], BMI in female only [61], glucose [60, 66], and
HOMA-IR [57, 59]. Contrarily, Abu-Farha et al (2015) found a
negative correlation between betatrophin and total cholesterol
and LDL-C [62]. Xie et al (2015) found a negative correlation
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between betatrophin and fasting plasma glucose and HOMA-
IR in females only [61].

Ghasemi et al (2015) found that circulating betatrophin
level was significantly higher in patients with T2DM than in
the normal subjects and positively correlated with age, glu-
cose, TAGs, total cholesterol, and HbAlc in patients. They
postulated that betatrophin may be involved in the genera-
tion of an atherogenic lipid profile [69]. Disparity in the lit-
erature may be due to the duration of disease, patient genetic
and environmental background and medications, and differ-
ences in sensitivity of the immunoassay applied and targeted
epitope [66]. However, in our study different disease durations
and treatment approaches were assessed. The mechanism of
modulating betatrophin level in T2DM patients is largely un-
known. Yi et al (2015) found a negative correlation between
betatrophin and HDL-C [70]. Our results also showed a posi-
tive correlation of blood glucose and HbAlc with circulating
betatrophin in T2DM in subgroups treated with insulin and
having higher BMI which is supported by the results of Fu
et al (2014) [66]. Glucose through activating carbohydrate re-
sponse element binding protein may control the promoter of
betatrophin gene [71, 72]. Therefore, a positive relationship
between betatrophin, blood glucose and HbAlc in T2DM is
not unexpected. In our patient, betatrophin was negatively cor-
related with age in patients, particularly females, those with
lower BMI, insulin-treated, and with longer disease duration.
Contrarily, Ghasemi et al (2015) showed that in T2DM and
normal controls, age was positively correlated with circulating
betatrophin [69]. Based on the association of T2DM with an
atherogenic lipid profile and the risk of cardiovascular disor-
ders in these patients, we studied the relationship between be-
tatrophin and the lipid profile. In the present study, betatrophin
was negatively correlated with LDL-C and total cholesterol in
non-insulin-treated patients. Betatrophin negatively correlated
with total cholesterol in patients with longer disease duration.
Contrarily, Ghasemi et al (2015) showed that circulating beta-
trophin positively correlated with TAGs and total cholesterol
[69].

HGF is a pleiotropic cytokine involved in tissue protec-
tion and repair of the endothelium as an angiogenic mitogen
[73, 74]. HGF levels are increased in patients with T2DM who
had hypertensive complications such as arteriosclerosis [74].
In the present study, comparing the whole group of healthy
participants vs. their gender and BMI subgroups, there were
non-significant differences in HGF content. However, compar-
ing their gender and BMI subgroups, there was significantly
higher HGF in females and those with higher BMI. All types
of subgroups of T2DM patients did not show significant differ-
ences in plasma HGF. There were no differences also compar-
ing the whole group of patients vs. the whole group of healthy
participants and all of their respective gender and BMI sub-
groups. In the correlation analysis, HGF negatively correlated
with ABSI, but positively with BMI and HbA1c in the whole
normal participants and their males. HGF positively correlated
glucose in normal participants and their BMI > 25 subgroup.
In our study patients, HGF negatively correlated with age in
females, insulin-treatment and shorter disease duration. HGF
negatively correlated ABSI and HbA1c in insulin-treated sub-
group. HGF negatively correlated HbAlc in shorter disease
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duration. HGF negatively correlated plasma insulin in all pa-
tients those with higher BMI. HGF positively correlated with
HDL-C and total cholesterol in female patients, insulin-treated
and longer disease duration. HGF positively correlated beta-
trophin in insulin-treated patients. Satani et al (2006) found
markedly higher serum HGF in T2DM patients than the nor-
mal range [75]. High HGF level is associated with prevalence
of T2DM [76] and with depressed cardiovascular autonomic
function and IR in T2DM patients [77]. Blood HGF is up to
threefold elevated in obese individuals demonstrating a strong
correlation with BMI and was substantially declined following
weight loss [16]. Cao (2007) reported a significant association
of visceral adiposity index with HGF [78]. Circulating HGF
levels are also associated with metabolic syndrome [18] and
hypertension [20] implicating it in the cardiometabolic disease
and diabetes. It is possible that obese individuals exhibit HGF
resistance, much like IR, leading to disturbed glucose metabo-
lism and endothelial dysfunction with or without hepatic dys-
function [18, 79].

HGF-diabetes association is independent of obesity since
control for both of BMI and WC did not abolish it. However,
HGF production by adipocytes is positively correlated with
BMI, and concentrations are elevated in mouse and human
obesity [76]. HGF possibly regulates p-cell replication during
obesity, since the increase in HGF concentrations in high-fat-
diet-induced obesity precedes the expansion of B-cell mass
and the increase in insulin secretion and may act as an early
signal of obesity/IR [16, 23]. Hyperglycemia increases renal
expression of HGF and c-Met and may contribute to the re-
nal hypertrophy of diabetes [80]. In contrast, Nakamura et al
(1998) found a decrease in circulating and renal HGF levels
in a mouse model of T2DM with an inverse correlation with
HbAlc [20]. In our study, serum HGF was higher in T2DM
patients than healthy controls and unexplainablely female
patients were always higher than male patients and healthy
controls. The contrast between increased serum HGF in hy-
pertensive and its decrease in T2DM, while tissue HGF levels
are decreased in both diseases is interesting [81]. Indeed, ac-
tivation of serum TGF-f, a strong negative regulator of HGF,
is increased in T2DM patients [82]. Contrarily, Konya et al
(2014) found that serum HGF in T2DM patients with hyper-
tension was markedly more elevated than that in the normal
controls or normotensive T2DM patients. Also, they found no
remarkable relationship between serum HGF with neither total
cholesterol nor HbA 1c. However, they considered increases of
serum HGF as an indicator of diabetes severeness particularly
towards macroangiopathy [81]. In our patients, correlation of
insulin with worse prognostic markers particularly in insulin-
treated patients supports the hypothesis raised by Nolan et al
(2015) that IR is a natural protective strategy by cells to avoid
metabolic stress and gaining more body fats due to energy sur-
plus [83].

Conclusions and future directions

Our findings indicate that blood betatrophin and HGF lev-
els massively differ among adults - healthy and succumbing
T2DM, giving no room for their classification as diagnostic
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and/or pathogenetic effectors and that plasma insulin and
treatment correlates worse disease severity complication score
pointing to a defensive IR strategy. Gene polymorphism and/or
resistance to physiological inducers could explain these results
that mandated our current molecular studies.
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