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Abstract
Purpose Understanding the pathogenesis and the molecular mechanisms of diabetic nephropathy (DN) helps its timely detection
and prevention. The current work aims tomeasure serum sestrin 2 and betatrophin levels in healthy and type diabetic
(T2DM)subjects with/or without diabetic nephropathy (DN) and also to test their correlation with serum neutrophil gelatinase
associated lipocalin (sNGAL); indicator of DN.
Methods This study included 96 subjects; 20 healthy (G1) and 76 T2DM [22 normoalbuminuric (G2), 35microalbuminuric (G3)
and 19 macroalbuminuric (G4)]. Serum sestrin 2, betatrophin and NGAL were measured by their corresponding kits.
Results Significant low levels of serum sestrin 2 andhigh levels of serum betatrophin were found in T2DM group when compared
to G1 (p = 0.002,p > 0.001, respectively) and this difference is manifested in G4 followed, in order, by G3, G2 then G1 (p= > 0.001
for both). Also, serum sestrin2 levels showed significant negative correlations with sNGAL in G1 (r = −0.497, p = 0.026), G2 (r =
−0.784, p > 0.001), G3 (r = −0.894, p > 0.001) and G4 (r = −0.896, pp. > 0.001) while serum betatrophin levels showed significant
positive correlations with sNGAL in G2 (r = 0.681, p > 0.001), G3 (r = 0.518, p > 0.001) and G4 (r = 0.727, p > 0.001).
Conclusion Serum sestrin 2 levels decrease significantly while betatrophin levels increase significantly in T2DM patients with
DN especially those with macroalbuminuria. These levels have significant effect strengths on the indicator of diabetic nephrop-
athy; sNGAL which might indicate theirvaluablerole in the timely detection and prevention of the development of DN.
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Abbreviations
T2DM type 2 diabetes mellitus
DN diabetic nephropathy
sNGAL serum neutrophil gelatinase associated lipocalin
KDa kilodalton
ACR urinary albumn to creatinine ratio
EDTA ethylendiaminetetraacetic acid
ELISA enzyme-linked immunosorbant assay

SPSS statistical package for social sciences
ANOVA analysis of variance
AMP adenosine monophosphate
AMPK AMP-dependent protein kinase
mTOR-C1 mammalian target of rapamycin complex 1
Dur duration of diabetes in years
BMI body mass index
s-FG serum fasting glucose
s–Cr serum creatinine
s-alb serum albumin
GA% serum glycated albumin%
HbA1c% glycosylated hemoglobin%.

Introduction

Diabetes mellitus is a syndrome with elevated blood glucose
along with abnormal carbohydrate, lipid and protein metabo-
lism [1]. Globally, about 400 million people were estimated to
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have diabetes in 2010; Type 2 diabetes mellitus (T2DM) con-
stituted more than 90 % of the cases [2]. Diabetes mellitus is
accompanied with a high risk of developing microvascular
complications such as diabetic nephropathy (DN) [3–5]. The
development of DN is associated albuminuria, hypertension,
deteriorated functions glomeruli and tubulointerstitial injure
[6, 7]. Unless macroalbuminuria occurs, DN is preventable
by controlling blood glucose [8] which indicates the impor-
tance of understanding the pathogenesis and the timely detec-
tion of DN.

Both T2DM and obesity are considered as inflammatory
conditions and the control of their accompanied systemic in-
flammation may improve the both conditions and minimize
their complications [9–11]. Sestrin 2 (His 95, 54.5 Kda, 480
aminoacid) belongs to a group of proteins that are induced
under stress conditions such as oxidative stress, inflammation
and DNA damage. It protects the cell from oxidative damage
and helps to maintain normal cell metabolism, homeostasis,
growth and survival [12, 13]. A decrease in the intracellular
levels of sestrin 2 can lead many adverse sequelae such as
oxidative damage, mitochondrial dysfunction, and insulin re-
sistance [14, 15]. The investigation of sestrin 2 levels in obese
and/or T2DMpatients revealed controversial results [14, 16,
17].

Neutrophil gelatinase associated lipocalin (NGAL) is a
twenty-five Kilo-Dalton protein that helps the transmembrane
transportation of several water-insoluble molecules (e.-
g.siderophores) through areceptor mediated endocytosis [18,
19]. Estimation of serum NGAL (sNGAL) levels were proved
to bevital in the prediction and timely detection of renal tubu-
lar damage [18, 20]. Also, several studies reported early rises
in sNGAL levels in diabetic patients even before renal in-
volvement. In this regard, measurement of sNGAL levels
was suggested for prediction and early detection of DN [20,
21].

Betatrophin (MW; 22 KDa) is a hormone that affects the
proliferation, growth and mass expansion of beta-cells of
Langerhans and enhances glucose tolerance [22]. It also func-
tions to regulate lipid metabolism [23]. Its expression occurs
mainly in liver and adipose tissues [22]. Several studies tested
the relation between serum betatrophin and glucose levels,
insulin resistance and other biomarkers in T2DM;the results
were controversial [24–28].

The current work aims to compare serum sestrin 2 and
betatrophin levels in T2DM patients (with or without DN)
with healthy individuals. Also, to find out the correlation
and the effect strength of sestrin 2 and betatrophin levels
with/on the levels ofsNGAL. Moreover, to test the effica-
cies of serum sestrin 2 levels and betatrophin levels in dif-
ferentiating patient with diabetic nephropathies from
diabetic-only individuals, to propose or reject a possible
therapeutic use of sestrin 2 or betatrophinin the prevention
of DN.

Subjects and methods

The current study is a case-control that was done in Unaizah
college of medicine, Qassim University, Saudi Arabia in collabo-
ration with diabetic outpatient clinic between March and July,
2018after being approved by the Qassim regional committee of
bioethics.Written consents were taken from all study participants.
The study included 96subjects; 37 men and 59 women, their age
was between 35 and 70 years. They were categorized into: G1;
control, 20 non-diabetic individuals and cases (76T2DMpatients;
treated by life style-modifications and oral hypoglycemic drugs).
According to urinary albumintocreatinineratio (ACR), the cases
were categorized into 3 groups:G2;22 normoalbuminuric case
(ACR >20 mg/g), G3: 35 microalbuminuric case (ACR= 20 to
200mg/g) andG4: 19macroalbuminuric case (ACR< 200mg/g)
[29, 30]. Exclusion criteria included subjects with type 1 diabetes
mellitus or when the participant presented with any systemic or
endocrinal diseases(e.g. infections, hypertension, Cushing syn-
drome, fever…etc.)

From all eligible subjects, 6 mL blood was drawn from the
antecubital vein. Two mL was stored as whole blood till the
assay of glycosylated hemoglobin percentage by its corre-
sponding kit. The serum of the other 4 mL was kept in
aliquotsat −80 °C till the assay of other parameters. Serum
sestrin 2 levels were measured by the sestrin 2 ELISA Kit
(Wuhan Fine biotech, Hubei Province, China, Catalogue #
ABIN5521614).Serum betatrophin was measured by Human
Angiopoietin-like protein 8/Betatrophin ELISA Kit (Novus
biologicals, Catalogue # NBP2–68217).Human NGAL/
LIPOCALIN-2 ELISA kit was used to measures NGAL
(Aviscera Bioscience, Santa Clara, USA, Cat. No: skoo233–
02). The other serum parameters were measured by using
routine procedures in the chemical laboratory.

The collected data were analyzed by SPSS 25.0 for win-
dows. Two Independent quantitative variables were compared
by Student T-test. More than 2 independent quantitative vari-
ables were tested by one-way analysis of variance (ANOVA).
Correlations between various variableswere done by Pearson’s
method. Multiple linear regression analysis in the total sample
was done to test independent associations between significant
variables with sNGAL as dependent variable. p Value was
considered significant when≤0.05. The receiver operating
characteristic (ROC) was done to test the efficacies of serum
sestrin 2 and betatrophin levels in differentiating patient with
diabetic nephropathies from diabetic-only individuals.

Results

Significant low levels of serum sestrin 2 were found in T2DM
patients when compared to the healthy control group while the
levels of serum betatrophin and sNGAL were significantly
high (Table 1).
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Sestrin 2 levels were significantly low in G4 followed, in
order, by G3, G2 then G1 while serum betatrophin and
sNGAL levels were significantly high in G4 followed, in or-
der, by G3, G2 then G1 (Table 2).

In the whole sample, sestrin 2 levels showed significant
negative correlations with both serum betatrophin levels (r =
− 0.570, p > 0.001) and serum NGAL levels (r = − 0.620,
p > 0.001). Betatrophin serum levels showed a significant

positive correlation with serum NGAL levels (r = 0.776,
p > 0.001). The correlations between serum sestrin 2,
betatrophin and NGAL with other studied parameters in the
whole sample is shown in Table 3.

Within the 4 studied groups, the significant correlations
between sestrin 2, betatrophin and sNGAL are shown in
Figs. 1, 2 and 3. Also, within the 4 studied groups, there were
significant negative correlations between serum sestrin 2
levels and the BMI in G2 (r = − 0.501, p = 0.018), G3 (r = −
0.383, p = 0.023) and in G4 (r = − 0.814, p < 0.001), between
serum sestrin 2 levels and fasting serum blood glucose levels
in G3 (r = − 0.501, p = 0.002) and in G4 (r = − 0.479, p =
0.038), between sestrin 2 levels and serum creatinine levels
in G2 (r = − 0.460, p = 0.04), G3 (r = − 0.341, p = 0.045) and
in G4 (r = − 0.467, p = 0.044), between sestrin 2 levels and
glycated albumin% in G3 (r = − 0.651, p > 0.001) and in G4
(r = − 0.685, p = 0.001) and between sestrin 2 levels and gly-
cosylated hemoglobin% in G3 (r = − 0.340, p = 0.037) and in
G4 (r = − 0.510, p = 0.026).

On the other hand, significant positive correlations were
found between serum betatrophin levels and the BMI in G2
(r = 0.533, p = 0.016), G3 (r = 0.371, p = 0.028) and in G4 (r =
0.501, p = 0.029), between serum betatrophin levels and
fasting serum blood glucose levels in G3 (r = 0.507, p =
0.002) and in G4 (r = 0.573, p = 0.01), between betatrophin
levels and serum creatinine levels in G3 (r = 0.411, p =
0.014), between betatrophin levels and glycated albumin%
in G2 (r = 0.609, p = 0.003), G3 (r = 0.655, p > 0.001) and in
G4 (r = 0.719, p = 0.001) and between betatrophin levels and
glycosylated hemoglobin% in G3 (r = 0.561, p > 0.001) and in
G4 (r = 0.737, p > 0.001).

Table 1 Mean ± SD of different parameters in the control group and
T2DM cases

Control T2DM cases p value
G1 G2, G3 and G4
(n = 20) (n = 76)

Age (years) 47.5 ± 9.9 49.5 ± 9.0 0.373

Gender Male 13 (65%) 24 (31.6%) 0.007
Female 7 (35%) 52 (68.4%)

BMI (kg/m2) 21.8 ± 3.1 28.3 ± 3.3 >0.001

s-FG (mmol/L) 5.2 ± 0.34 6.8 ± 1.9 >0.001

s–Cr (mg/dL) 1.2 ± 0.19 1.4 ± 0.23 0.008

s- alb (g/L) 40.5 ± 3.2 36.9 ± 4.7 0.002

GA % 13.1 ± 1.6 15.5 ± 4.6 0.026

HbA1c% 6.5 ± 0.9 8.11 ± 2.0 >0.001

Serum sestrin2 (ng/mL) 5.9 ± 1.9 4.1 ± 2.3 0.002

Serum betatrophin (ng/mL) 30.9 ± 5.8 42.3 ± 9.7 >0.001

sNGAL (ng/mL) 66.7 ± 21.6 282.8 ± 198.5 >0.001

T2DM type 2 diabetes mellitus, SD standard deviation, BMI body mass
index, s-FG serum fasting glucose, s–Cr serum creatinine, s-alb serum
albumin, GA% serum glycated albumin%, HbA1c% glycosylated hemo-
globin%, sNGAL serum neutrophil gelatinase associated lipocalin

Table 2 Mean ± SD of different parameters in the 4 studied groups

Control T2DM patients p value

G1 (n = 20) G2 (n = 22) G3 (n = 35) G4 (n = 19)

Age (years) 47.5 ± 9.9 47.0 ± 9.2 48.7 ± 8.5 53.9 ± 8.4 0.066

Gender Male 13 (65%) 8 (36.4%) 12 (34.3%) 4 (21%) 0.034
Female 7 (35%) 14 (63.6%) 23 (65.7%) 15 (79%)

Dur. (years) – 13.9 ± 6.1 17.7 ± 7.5 18.9 ± 4.8 0.02

BMI (kg/m2) 21.8 ± 3.1 27.6 ± 3.3 28.2 ± 3.3 29.1 ± 3.2 >0.001

s-FG (mmol/L) 5.2 ± 0.34 6.3 ± 1.9 6.8 ± 1.8 7.2 ± 2.1 0.002

s–Cr (mg/dL) 1.2 ± 0.19 1.33 ± 0.20 1.3 ± 0.24 1.5 ± 0.20 0.010

s- alb (g/L) 40.5 ± 3.2 38.7 ± 3.6 37.0 ± 4.3 34.9 ± 5.7 0.001

GA % 13.1 ± 1.6 14.2 ± 3.1 15.5 ± 4.7 16.9 ± 5.5 0.024

HbA1c% 6.5 ± 0.9 7.0 ± 2.0 7.6 ± 2.3 8.5 ± 1.6 0.022

Serum sestrin2 (ng/mL) 5.9 ± 1.9 5.6 ± 2.9 3.7 ± 1.7 3.1 ± 1.4 >0.001

Serum betatrophin (ng/mL) 30.9 ± 5.8 34.4 ± 1.9 42.1 ± 8.4 51.7 ± 9.2 >0.001

sNGAL (ng/mL) 66.7 ± 21.6 158.7 ± 83.2 211.3 ± 77.1 558.4 ± 189.5 >0.001

T2DM type 2 diabetes mellitus, SD standard deviation,Dur duration of diabetes in years, BMI bodymass index, s-FG serum fasting glucose, s–Cr serum
creatinine, s-alb serum albumin, GA% serum glycated albumin%,HbA1c% glycosylated hemoglobin%, sNGAL serum neutrophil gelatinase associated
lipocalin
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The effect strength of different studied parameters on the
sNGAL (indicator of DN), is shown in Table 4. Significant
effects of serum sestrin levels and serum betatrophin levels
were noticed.

The receiver operating characteristic (ROC) for the effica-
cies of serum sestrin 2 and betatrophin levels in differentiating
patients with diabetic nephropathy from diabetic-only patients
is shown in Fig. 4.

Discussion

The current work is a case-control study that measures the
levels of serum sestrin 2 and betatrophin in healthy as well
as T2DM patients (with/without DN). Also, it tested the

correlation between these levels and the levels of sNGAL
(an indicator for DN) [11].

Sestrins are a group of proteins which are inducible by
oxidative stress, inflammation and DNA damage. They main-
tain cellular integrity under stressful conditions through the
stimulation of energy producing metabolic reactions and the
DNA repair system [12]. Sestrins dampen the action of the
free radicals either by their direct action on the anti-oxidant
enzymes (peroxiredoxins) or by the regulation of the expres-
sion of many anti-oxidant genes (e.g. nuclear factor erythroid
factor 2) [13, 31, 32].

Intracellular signaling through the mammalian target of
rapamycin complex 1 (mTOR-C1) leads to an increase in
cellular proteins and fat synthesis and the development of
many adverse metabolic consequences in obese individuals
[33]. Chronic activation of mTOR-C1 can lead to insulin

Table 3 Correlations between serum sestrin 2, betatrophin and NGAL and other studied parameters in the whole sample

Age (years) Dur.(years) BMI (kg/m2) s-FG(mmol/L) s–Cr(mg/dL) s-alb(g/L) GA % HbA1c%

Sestrin2 (ng/mL) r −0.316 −0.404 −0.415 −0.413 −0.389 −0.367 −0.529 −0.360
Betatrophin (ng/mL) r 0.403 0.479 0.397 0.532 0.462 −0.394 0.623 0.606

sNGAL (ng/mL) r 0.464 0.513 0.409 0.476 0.450 −0.397 0.581 0.486

All correlations mentioned in the table are significant at the 0.01 level (2-tailed)

Dur duration of diabetes in years, BMI body mass index, s-FG serum fasting glucose, s–Cr serum creatinine, s-alb serum albumin,GA% serum glycated
albumin%, HbA1c% glycosylated hemoglobin%, sNGAL serum neutrophil gelatinase associated lipocalin

Fig. 1 Correlations between
serum 2 levels and betatrophin in
G2, G3 and G4
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resistance by inhibition of the phosphorylation of insulin re-
ceptor substrates [34]. Sestrin 2 activates the intracellular
AMP-dependent protein kinase (AMPK) enzyme either by a

direct binding or by enhancing its gene expression. The acti-
vated AMPK inhibits mTOR-C1 [35]. This inactivation of
mTOR-C1 by sestrin 2 protects the endoplasmic reticulum

Fig. 2 Correlation between serum
Sestrin 2 levels and serum
neutrophil gelatinase associated
lipocalin in G1, G2, G3 and G4

Fig. 3 Correlation between serum
betatrophin levels and serum
neutrophil gelatinase associated
lipocalin in G1, G2, G3 and G4
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against many types of cellular stresses [36] and also decreases
the intracellular accumulation of lipids [12]. Moreover, the
mTOR-C1 inactivation enhances the action of phosphatidyl-
inositol-3-kinase (PI3K) enzyme which promotes the insulin
signaling and decreases the insulin resistance and its sequelae
[12]. Sestrins also regulates many other cellular functions and
metabolic aspects through their effect on the AMPK and
mTOR-C1 pathways [14].

The current study found significant low levels of serum
sestrin 2 in T2DM patients when compared to the healthy
control. Within the T2DM patients’ groups, serum sestrin 2
levels were low in the macroalbuminuricgroup followed by
microalbuminuric group then normoalbuminuric group. Also,
the present study found significant negative correlations be-
tween the levels of serum sestrin 2 and serum betatrophin,

NGAL levels. Moreover, significant negative correlations
were found between serum sestrin 2 levels and BMI, glyco-
sylated hemoglobin%, serum creatinine, glucose, albumin,
glycated albumin%. Measuring serum sestrin 2 levels showed
about 71% AUC to differentiate patients with DN from dia-
betic only cases. The sensitivity was 64% and specificity was
44%. These results go with the results of the study conducted
by Nourbakhsh et al. [2017] which revealed low levels of
sestrin 2 in obese children when compared to children with
normal weight and these levels were negatively correlated
with the BMI [17]. Also, Lee et al. [2012] and chai et al.
[2015] found that the decrease in the intracellular levels of
sestrin 2 led to many adverse consequences such as oxidative
stress, mitochondrial dysfunction, insulin resistance and accel-
erated development of T2DM [14, 15]. On contrary, Chung
et al. [2018] found high serum sestrin 2 levels in obese and
T2DM patients when compared to the healthy control and
these levels correlated positively with the BMI, the levels of
serum triacylglycerol, glucose, C-reactive protein and with the
degree of insulin resistance [16]. Indeed, the current work
couldn’t explain this contradiction.

The expression of betatrophin occurs mainly in live and
adipose tissues. It enhances the glucose tolerance and can
regulate lipid metabolism [22, 23].The current study
foundhigher levels of serum betatrophin in T2DM cases than
the healthy control. Within the T2DM patients’ groups, serum
betatrophin levels were high in macroalbuminuric group
followed by microalbuminuric group the normoalbuminuric
group. Also, the present work found a significant positive
correlation between serum betatrophin levels and serum
NGAL levels. Moreover, significant positive correlations
were found between serum betatrophin levels and the BMI,
glycosylated hemoglobin%, glycated albumin% and fasting
serum blood glucose and creatinine levels. These results are
in accordance with the results of many previously conducted
studies [24, 27, 28]. Maurer et al. [2017] found significant
high levels of betatrophin in T2DM patients and these levels
were positively correlated with serum fasting glucose levels
and glycosylated hemoglobin % [37]. Chen et al. [2016]

Table 4 Multiple linear regression analysis in the total sample

Independent variables Standardized β coefficient (95%
CI)

p
value

Age (years) 0.133(−0.2 to 5.9) 0.062

Gender −0.018 (−62.8 to 47.9) 0.79

Dur. (years) 0.072 (−2.3 to 5.4) 0.43

BMI (kg/m2) −0.034 (−8.3 to 7.1) 0.71

s-FG (mmol/L) 0.009 (−16.7 to 18.5) 0.92

s–Cr (mg/dL) 0.094 (−62.9 to 226.9) 0.26

s- alb (g/L) −0.070 (−9.3 to 3.3) 0.35

GA % 0.15 (−2.2 to 16.4) 0.13

HbA1c% −0.06 (−22.2 to 11.8) 0.54

Serum sestrin2 (ng/mL) −0.19 (−32.3 to −2.8) 0.032

Serum betatrophin
(ng/mL)

0.63 (3.4 to 8.4) >0.001

Serum neutrophil gelatinase associated lipocalin is the dependent
variable.

Dur duration of diabetes in years, BMI body mass index, s-FG serum
fasting glucose, s–Cr serum creatinine, s-alb serum albumin,GA% serum
glycated albumin%,HbA1c% glycosylated hemoglobin%, CI confidence
interval.

p-value ≤ 0.05 is significant correlation

Fig. 4 The receiver operating
characteristic (ROC) shows the
efficacies of serum sestrin 2
levels, serum betatrophin levels in
differentiating patient with dia-
betic nephropathies from
diabetic-only individuals. AUC:
area under ROC curve
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reported a significant rise in betatrophin levels in T2DM pa-
tients. These levels were higher in macroalbuminuric than
normoalbuminuric cases and showed positive correlations
with urinary albumin concentration [28]. On the other hand,
the results of the present are on contrary to the results of many
other studies that which found a decline in the circulating
betatrophin levels in T2DM patients [25, 26]. Measuring se-
rum betatrophin levels showed about 82% AUC to differenti-
ate patients with DN from diabetic only cases. The sensitivity
was 65% and specificity was 9%.The main limitation of the
current study is the small sample size and being case-control.
The authors declare that they have no conflict of interest.

Conclusion

Serum sestrin 2 levels decrease significantly while betatrophin
levels increase significantly in T2DM patients with DN espe-
cially those with macroalbuminuria. These levels have signif-
icant effect strengths on the indicator of diabetic nephropathy;
sNGAL which might indicate a critical role of low sestrin 2
levels and high betatrophin levels in the pathogenesis of DN.
Drugs that increase the intracellular levels of sestrin 2 may be
valuable in the control of T2DM and timely detection and
prevention of the development of DN.
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