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Summary
BACKGROUND: Neuregulin-4 is a cytokine with many
functions and is primarily produced by fat tissue.
AIM OF THE STUDY: The aim of the study was to observe
the relationship between serum neuregulin-4 levels and diabetes regulation in type 2 diabetes mellitus (T2DM), and
to compare neuregulin-4 levels of diabetic subjects with
those in healthy controls.
METHODS: Patients with T2DM were included to the
study. Healthy subjects were enrolled as controls. Subjects with T2DM with glycated haemoglobin (HbA1c) <7%
were classed as well controlled and those with HbA1c
≥7% were classed as poorly controlled. Neuregulin-4 levels of the study and control groups were compared.
RESULTS: The neuregulin-4 levels of the poorly controlled
T2DM, well-controlled T2DM and control groups were significantly different (p = 0.005). Neuregulin-4 was significantly correlated with fasting plasma glucose (r = 0.247,
p = 0.002) but not with HbA1c. In a regression analysis
model, 0.1 point elevation in neuregulin-4 levels increased
the rate of existence of T2DM 4.4-fold (odds ratio 4.4, 95%
confidence interval 1.26–15.1; p = 0.02).
CONCLUSION: Neuregulin-4 is significantly increased in
patients with T2DM compared with control subjects, which
means that it could be a marker of T2DM. Since neuregulin-4 was correlated with fasting glucose, we suggest that
elevated neuregulin-4 could predict poor control in T2DM
for short periods when HbA1c is not useful. Moreover,
one unit elevation in neuregulin-4 (0.1 ng/ml) increases
the rate of existence of T2DM 4.4-fold, independently from
other variables.
Keywords: neuregulin-4, type 2 diabetes mellitus, fasting
blood glucose, diabetes regulation
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Discovery of the novel adipokine, neuregulin-4, in several
tissues including brown adipose tissue has attracted great
interest from researchers in the past 3 to 4 years [1].
Neuregulins are members of the epidermal growth factor
family of extracellular ligands [2, 3]. They are signal proteins that mediate cell-cell interactions in the nervous sys-
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tem, heart, pancreas and other organ systems, and they produce signals to regulate various biological processes via
ErbB3 and ErbB4. Recent studies of neuregulin-4 demonstrated that it may have anti-atherogenic and anti-inflammatory effects [4]. Improvement in glucose homeostasis,
attenuation of hepatic lipogenesis, maintenance of lipid
balance, prevention of insulin resistance and weight gain
with neuregulin-4 have been noted in animal studies [4, 5].
Moreover, lack of neuregulin-4 caused an increase in hepatic lipid storage and overexpression of neuregulin-4 improved insulin resistance in recent reports in literature [6,
7].
Human studies of neuregulin-4 suggested its association
with body fat mass, insulin resistance, impaired glucose
metabolism, obesity, non-alcoholic fatty liver disease, type
2 diabetes mellitus (T2DM) and metabolic syndrome [5, 8,
9].
One of the most important factors in the pathogenesis of
T2DM is deteriorated insulin sensitivity [10, 11]. Diabetes
control in T2DM subjects is determined from glycated
haemoglobin (hbA1c) levels [12, 13]. One of the basic
treatment goals in the disease is improving the sensitivity
of the target tissues to insulin. Increased insulin resistance
determined by neuregulin-4 may contribute positively to
glucose regulation in T2DM. Therefore, we aimed to study
the possible relationship between serum neuregulin-4 levels and the presence of T2DM and diabetes regulation in
T2DM patients.

Methods
Study population
This cross-sectional cohort study included patients with
T2DM aged over 18 years who were followed up clinically
in outpatient clinics of the internal medicine department
of Abant Izzet Baysal University Hospital. Subjects who
presented as healthy in a routine check-up were included
as control group. Informed consent was obtained from
all patients and healthy volunteers. Anthropometric measurements of the participants, age, systolic blood pressure,
diastolic blood pressure, duration of T2DM, drugs used
in T2DM treatment, and laboratory test results, such as
fasting plasma glucose, glomerular filtration rate (GFR),
low density lipoprotein (LDL)-cholesterol, high-density
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lipoprotein (HDL)-cholesterol, total cholesterol, triglycerides, HbA1c and neuregulin-4 levels were recorded. The
study population consisted of three groups: well-controlled
T2DM with HbA1c level lower than 7%, poorly controlled
T2DM with HbA1c equal to or higher than 7% and healthy
controls.
Exclusion criteria were as follows: acute infection, active
inflammatory disease, malignancy and any other chronic
disease. Patients who did not consent to participation in the
study were not included. Since the healthy volunteers had
no history of smoking and drinking, we excluded diabetic patients with such a history. The study was carried out
with the approval of the Ethics Committee of Abant Izzet
Baysal University Medical Faculty (Ethical approval number: 2017/127).
Dry tubes with a gel separator (Vacuette, Greiner Bio-one
GmbH, Kremsmünster, Austria) containing a clot activator were used for the extraction of serum. Blood samples
were centrifuged at 1250 rpm for 10 minutes in the medical
biochemistry laboratory of our institution and the serum
was separated. Aliquotised sera were stored in the freezer
(HERA Freeze, Thermo Fisher Scientific, Waltham, Massachusetts, USA) at −80°C until the laboratory test for
neuregulin-4 was done. On the day of assay, serum samples were gradually thawed and centrifuged at 1000×g for
15 minutes at 4°C. Human neuregulin-4 was measured in
the resulting supernatant. For the measurement of neuregulin-4, Elabscience ELISA Kit (Catalog number: E-ELH0890, USA) was used.
Statistical analysis
Data were analysed with SPSS software. Continuous variables were summarised as mean ± standard deviation and
median (range). The Kolmogorov-Smirnov test was used
to analyse the distribution of study parameters between
groups. An independent t-test (in diabetic and control
groups) and ANOVA (control subjects, well and poorly
controlled diabetics) were used for normally distributed
data. The Mann-Whitney U-test (in diabetic and control
groups) and Kruskall-Wallis test (control subjects, well and
poorly controlled diabetics) were used for data not normal-

ly distributed. The three groups (control subjects, well and
poorly controlled diabetics) were compared with a posthoc Tukey analysis. The chi-square test was used to compare categorical variables between groups. A binary logistic regression analysis model was used to determination
the role of neuregulin-4 level in T2DM risk independent
of other variables such as age, gender, body mass index
(BMI) and fasting plasma glucose levels. A p-value lower
than 0.05 was determined as statistically significant.

Results
The study included 100 T2DM patients (51 females, 49
males) and 50 controls (24 females, 26 males). Of the patients with T2DM, 37 had well controlled and 63 had poorly controlled T2DM. Compared with control group, the
mean neuregulin-4 level was significantly higher in T2DM
group (1.4 ± 0.14 vs 2.91 ± 0.3 ng/ml, p = 0.002; table
1). Duration of T2DM in in patients with well- and poorly
controlled diabetes were 3 (1–15) years and 8 (1–25) years,
respectively (p <0.001).
The comparison of the laboratory data and characteristics
between the poorly and well controlled T2DM and control
groups is presented in table 2.
There was no age difference between the well-controlled
and poorly controlled diabetes mellitus groups (p = 0.54),
and between the well-controlled T2DM and the healthy
control groups (p = 0.13), but there was a significant difference between the poorly controlled diabetics and the
healthy control group (p = 0.002).
There was no gender difference between study groups (p =
0.64). Twenty-one (57%) of well-controlled and 30 (48%)
of poorly controlled diabetes patients and 24 (48%) of the
healthy control group were women. The rate of comorbidities such as hypertension, coronary heart disease, heart
failure, hyperlipidaemia, in the well- and poorly controlled
T2DM groups was similar (p = 0.53).
There was no difference in BMI between the well-controlled and poorly controlled groups (p = 0.723), and there
was a significant difference in the control group compared
with both the well-controlled and the poorly controlled

Table 1: Comparison of the characteristics and laboratory data between the type 2 diabetes and control groups.
Gender

T2DM group

Control group

p-value

Women (n)

51

24

0.73

Men (n)

49

26
Median (range)*

Systolic blood pressure (mm Hg)

130 (100–180)

120 (90–150)

Diastolic blood pressure (mm Hg)

80 (50–110)

80 (60–90)

0.112

149 (62–466)

88 (75–95)

<0.001

Fasting blood glucose (mg/dl)
Triglycerides (mg/dl)
Creatinine (mg/dl)
Age (year)
Body mass index (kg/m2)
HDL-cholesterol (mg/dl)

<0.001

146 (46–615)

140 (57–360)

0.05

0.85(0.63–1.25)

0.8 (0.6–1.06)

0.004

59 (35–79)

51 (40–75)

0.001

30.3 (21.6–42.2)

27.5 (18–42.2)

<0.001

45 (25–76)

47 (28–87)

0.413

Waist circumference (cm)

105 (77–144)

96 (60–128)

<0.001

C-reactive protein (mg/dl)

1.2 (0.3–7.6)

1.5 (0.5–5)

0.84

Mean ± standard deviation†
Neuregulin-4 (ng/ml)

2.91 ± 0.3

1.4 ± 0.14

0.002

Glomerular filtration rate (%)

79.9 ± 17.9

96.2 ± 14.3

<0.001

Total cholesterol (mg/dl)

202.2 ± 46.4

197.2±39.3

0.514

LDL-cholesterol (mg/dl)

117.7 ± 37.1

120 ± 33.8

0.713

HDL = high-density lipoprotein; LDL = low-density lipoprotein; T2DM = type 2 diabetes mellitus * Mann-Whitney u test; † independent samples t-test
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Table 2: Comparison of laboratory data and characteristics in the poorly and well-controlled type 2 diabetes and control groups.
Well-controlled diabetic
group

Poorly controlled diabetic group

Control group

p-value

Women (n)

21

30

24

0.64

Men (n)

16

33

26

Systolic blood pressure (mm/Hg)

130 (100–180)

140 (100–180)

120 (90–150)

Diastolic blood pressure (mm/Hg)

80 (70–110)

80 (50–105)

80 (60–90)

0.282

Fasting plasma glucose (mg/dl)

119 (91–219)

216 (62–466)

88 (75–95)

<0.001

Gender

Median (range)*
<0.001

Triglycerides (mg/dl)

123 (46–369)

163 (59–615)

140 (57–360)

0.021

Creatinine (mg/dl)

0.8 (0.63–1.2)

0.9 (0.65–1.25)

0.8 (0.6–1.06)

<0.001

C-reactive protein (mg/dl)

1 (0.5–7.6)

1.3 (0.3–7)

1.5 (0.5–5)

0.94

Duration of T2DM (years)

3 (1–15)

8 (1–25)

NA

<0.001

Neuregulin 4 (ng/ml)

2.8 ± 0.4

3±0.5

1.4±0.14

0.005

Age (year)

57.8 ± 9.9

59.9 ± 8.6

53.7 ± 10.6

0.003

30.7 ± 6

31.6 ± 5.8

27.8 ± 4.5

0.001

Glomerular filtration rate (%)

86.08 ± 15.8

76.3 ± 18.2

96.2 ± 14.3

<0.001

Total cholesterol (mg/dl)

185.2 ± 45.2

212.2 ± 44.6

197.2 ± 39.3

0.009

LDL-cholesterol (mg/dl)

106.8 ± 33.9

124.1 ± 37.7

120 ± 33.8

0.063

HDL-cholesterol (mg/dl)

49.4 ± 12.1

44.3 ± 9.5

47.2 ± 11.1

0.067

Waist circumference (cm)

103.8 ± 11

107.5 ± 12.3

96.4 ± 12.6

<0.001

Mean ± standard deviation†

Body mass index (kg/m2)

HDL = high-density lipoprotein; LDL = low-density lipoprotein; T2DM = type 2 diabetes mellitus * Kruskall-Wallis test; † one-way analysis of variance

groups (p = 0.041 and p = 0.001, respectively). GFR was
significantly lower in the poorly controlled group than in
the well-controlled T2DM and control groups (p = 0.013,
p <0.001). In the post hoc analysis, GFR of the well-controlled T2DM group was significantly lower than that of
the control group (p = 0.014). No significant difference
was found between the study groups in terms of HDLcholesterol and LDL-cholesterol levels (p >0.05 for all).
Triglyceride levels were also similar in healthy control
subjects and well-controlled T2DM patients, but they were
significantly higher among poorly controlled T2DM patients at 140 (57–360) mg/dl, 123 (46–369) mg/dl and 163
(59–615) mg/dl, respectively (p = 0.021). Systolic blood
pressure in the control group, well-controlled T2DM and
poorly controlled T2DM groups was significantly different at 120 (90–150) mm Hg, 130 (100–180) mm Hg and
140 (100–180) mm Hg, respectively (p <0.001). Diastolic
blood pressure of the study groups was not statistically different (p = 0.282).
The CRP of healthy controls, well-controlled T2DM and
poorly controlled T2DM groups were not significantly different: 1.5 (0.5–5) mg/l, 1 (0.5–7.6) mg/ and 1.3 (0.3–7)
mg/l, respectively (p = 0.94).
Compared with the healthy control group, neuregulin-4
levels were significantly higher among patients with
T2DM: 1.3 (0.06–3.8) ng/ml vs 1.94 (0.04–19.4) ng/ml
(p = 0.002). Neuregulin-4 levels were 1.4 ± 0.2 (1.3
[0.06–3.8]) ng/ml in control subjects, 2.8 ±0.4 (2.3
(0.04–11.2)) ng/ml in the well-controlled T2DM group and
3 ± 0.5 (1.85 [0.12–19.4]) ng/ml in the poorly controlled
T2DM group. The difference in neuregulin-4 levels between study groups was statistically significant (p =
0.005). Subgroup analysis with the post hoc test revealed
that neuregulin-4 levels were not significantly different between the well-controlled T2DM and control groups (p =
0.17) and between well-controlled T2DM and poorly controlled T2DM groups (p = 0.51). The significance of the
higher neuregulin-4 among diabetic patients was due to the
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difference between poorly controlled T2DM subjects and
the healthy control group (p = 0.004).
The correlation between neuregulin-4 and fasting plasma
glucose or HbA1c was investigated. There was a significant correlation between neuregulin-4 and fasting plasma
glucose (r = 0.247, p = 0.002). However, there was no correlation between neuregulin-4 and HbA1c (r = 0.058, p =
0.563; fig. 1).
The binary logistic regression analysis was adjusted for
age, BMI, waist circumference, fasting plasma glucose and
gender, which were considered as significant affectors,
Nagelkerke R square of the model was 0.934, and a 1
unit (0.1ng/ml) increase in neuregulin-4 significantly increased the rate of existence of T2DM by 4.4-fold (odds
ratio 4.4, 95% confidence interval 1.26–15.1; p = 0.02).
Table 3 shows the results of the logistic regression analysis.

Discussion
The present study showed that neuregulin-4 levels of subjects with poorly controlled T2DM were higher than those
of healthy controls without T2DM. Another striking result
was that circulating neuregulin-4 levels were positively
correlated with fasting plasma glucose levels.
Overexpression of neuregulin-4 is supposed to be protective against obesity [1]. Like neuregulin-4, fibroblast
growth factor-21 has been shown to regulate elevated
blood glucose levels independently of insulin via enhancing energy expenditure [14]. Kang et al. reported elevated
neuregulin-4 levels in newly diagnosed T2DM patients
compared to controls without T2DM [7]. They also found
that neuregulin-4 was correlated with serum glucose levels
and insulin resistance (HOMA-IR) score [7]. Similarly, in
our study, neuregulin-4 levels were found to be significantly higher in subjects with T2DM compared with healthy
controls. In subgroup analysis, it was obvious that poor-
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Figure 1: Correlation between neuregulin-4 and glycated haemoglobin (HbA1c) or fasting plasma glucose (FPG) levels.

ly controlled subjects had the highest neuregulin 4 levels
compared with the control group.
Neuregulin-4 is synthesised as a trans-membrane protein
and fragmented by proteolysis. The fragmented part acts as
an autocrine, paracrine or endocrine factor on many cells.
It is a member of the epidermal growth factor family and
considered as a new adipokine that is principally secreted
by adipose tissues, although many tissues are able to secrete it [7].

in newly diagnosed T2DM subjects with metabolic syndrome was significantly lower than in those without metabolic syndrome [18]. Although these conditions are associated with the development of T2DM, our results are
contrary to their findings.

Neuregulin-4 is expressed in brown adipose tissue and upregulated by cold exposure [15]. By 2014, it had been
found that messenger RNA (mRNA) of neuregulin-4 lineage was significantly decreased in adipose and subcutaneous tissues of subjects with insulin resistance or with
T2DM compared with healthy controls [5]. On the other
hand, in 2016, Kang et al. [7] and Chen et al. [16] reported
an inverse association between T2DM and neuregulin-4
levels as levels were elevated in subjects with T2DM compared with controls. Subsequently, subjects newly diagnosed with T2DM with the highest neuregulin-4 levels
were reported to have significantly lower BMI, serum
triglyceride and high-sensitivity C- reactive protein levels
and significantly higher HDL-cholesterol levels, compared
with T2DM subjects with the lowest neuregulin-4 levels
[17]. Our results, which showed higher neuregulin-4 levels
in patients with poorly controlled T2DM compared with
those in subjects without diabetes mellitus, support previous studies that found increased neuregulin-4 levels in
T2DM.

We shall speculate about the causal relationship between
T2DM and neuregulin-4. Decreased neuregulin-4 levels
may contribute to better glucose metabolism in T2DM via
increasing basal metabolism and utilisation of plasma glucose in peripheral tissues. The human body needs heat production and preservation in cold environments. We know
that cold exposure also causes an increase in serum levels
of neuregulin-4 [15]. However, results of the present study
and various studies in the literature are contrary to these
finding. Neuregulin-4 might be needed to raise the metabolic rate to increase heat production in humans. Nevertheless, experimental studies are needed to confirm this
hypothesis. On the other hand, higher insulin levels were
demonstrated in elevated neuregulin-4 states [5, 19]. Poor
control of T2DM could be related to increased insulin resistance, and thus neuregulin-4 levels rise in such subjects.
Another causal relationship between T2DM and increased
neuregulin-4 could be resistance at neuregulin receptor
level, which may lead to an increase in circulating neuregulin-4 levels, similar to the insulin resistance that may be
seen in subjects with T2DM. Moreover, a 0.1 point increase in neuregulin-4 levels increased the rate of existence
of T2DM by 4.4 times independently of age, gender, BMI
and fasting plasma glucose levels.

A study in non-alcoholic fatty liver disease (NAFLD), a
condition associated with T2DM and metabolic syndrome,
revealed that neuregulin-4 levels in subjects with NAFLD
were decreased compared with levels in subjects without
NAFLD [9]. Similarly, Yan et al. found that neuregulin-4

Development of macro-vascular complications in T2DM
is associated with chronic low-grade inflammation [17].
Neuregulin-4 might ameliorate the effects of such inflammatory conditions. Indeed, a study in the literature showed
that it may be protective against necrotising enterocolitis

Table 3: Assessment of variables in the study population with binary logistic regression.
Odds ratio

95% confidence interval

p-value

Neuregulin 4

4.4

1.26–15.1

0.02

Age

1.2

1.044–1.385

0.01

Waist circumference

1.15

0.995–1.332

0.058

Body mass index

0.993

0.721–1.368

0.966

Fasting plasma glucose

1.321

1.13–1.546

<0.001

Female gender

5.369

0.339-84.949

0.233
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[20]. The human body could try to antagonise the continuous low-grade inflammation in T2DM by increasing serum
levels of neuregulin-4. Authors have reported that administration of exogenous neuregulin-4 diminished the inflammatory status by reducing the circulating levels of inflammatory molecules [21].
A major limitation of present study is the relatively small
study population. Lack of measurement of insulin
(HOMA-IR) and other adipokines is another limitation. On
the other hand, this is the first study in the literature that reported an association between elevated serum neuregulin-4
levels and fasting plasma glucose in subjects with T2DM.

Conclusion
Neuregulin-4 is significantly increased in patients with
T2DM compared with control subjects, which means it
could be a marker of T2DM. Since neuregulin-4 was correlated with fasting glucose, we suggest that elevated neuregulin-4 could predict poor control in T2DM for short periods in which HbA1c is not useful. Although it was not
significantly correlated with HbA1c, we found that a 1 unit
(0.1 ng/ml) elevation in neuregulin-4 level increased the
presence of T2DM 4.4-fold, independently of other variables.
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