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Abstract
Introduction: Diabetes (II) is a chronic metabolic disease with many side effects. Sirtuin 1 (SIRT1) regulates prominent cellular pro-
cesses such as apoptosis, aging, and metabolism of the cell, and it seems to play an important role in type 2 diabetes.
The aim of the study was to compare the serum level of SIRT1 and related biochemical factors in patients with controlled and un-
controlled diabetes with healthy subjects. 
Methods: Type 2 diabetic patients were randomly divided into controlled and uncontrolled fasting blood glucose (FBG) and healthy 
individuals as the control group (n = 50/group). Serum levels of SIRT1, haemoglobin A1C (HbA1c), low-density lipoprotein (LDL), high-
density lipoprotein (HDL), triglyceride (TG), FBG, and body mass index (BMI) were evaluated.
Results: The mean ±SD level of SIRT1 in the uncontrolled diabetic group (3.96 ±2.52) was significantly (p < 0.001) lower than that 
of the controlled diabetic (9.22 ±4.11) and healthy subjects (10.65 ±2.2). The levels of HbA1c, FBG, LDL, HDL, and TG indicated 
significant differences between the groups (p < 0.05). There was a significant reverse correlation between SIRT1 with HbA1c, FBG, 
age, and BMI (p < 0.05) and a positive significant correlation between BMI and HbA1c (p = 0.007).
Conclusions: Sirtuin 1 is associated with improving glucose homeostasis. Therefore, it can be considered as a new therapeutic target 
for prevention and treatment of type 2 diabetes.
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Introduction 

Diabetes mellitus is one of the most serious health prob-
lems, with a prevalence of 5.1% to 5.8% in Iran [1], and it is 
associated with various disorders that lead to destruction and 
impaired function of organs. Type 2 diabetes is a heritable con-
dition, with 90% of affected children and youths having a first- 
or second-degree relative who also has type 2 diabetes [2, 3]. 
HbA1c, as a convenient biomarker in the assessment of diabe-
tes, is associated with accurate regulation of blood glucose. 
It accounts for about 5% of total haemoglobin in healthy sub-
jects and increases to 2-3-fold in patients with diabetes. HbA1c 
(a glycated protein) was considered as an indicator for control 
of long-term glycaemia, and enhanced serum level of HbA1c 
(≥ 6.5%) is indicative of irregular blood glucose status [4].

The family of sirtuin (SIRT) proteins with NAD+-dependent 
deacetylase activity was first isolated from yeast. These pro-
teins regulate various biological processes from DNA repair 
and genome stability to lipid and glucose homeostasis [5]. 
SIRTs are the key regulators of cell survival and the lifespan of 
the organism [6]. Seven sirtuins have been found in the mam-
malian body, which are located within different parts of the cell 
and have a variety of functions. Over the past 10 years, an ex-
plosion has occurred in the therapeutic potential of SIRT acti-
vation, particularly SIRT1 and SIRT3, in several diseases. How-
ever, there is still little information about the function of these 
proteins in the body [7]. 

Among sirtuins, SIRT1 is more widely considered and has 
a  diverse biological function in various organs of the body, 
which includes elevated insulin sensitivity, regulation of choles-
terol and lipid, and circadian rhythms [8]. SIRT1 is found in the 
brain, liver, pancreas, adipose tissue, muscle, and heart [9]. 
Studies have shown the association of SIRT in the pathogen-
esis of several diseases, namely: SIRT1 has tumour suppressor 
activity in cancer and age-related disorders [7]. The expression 
of SIRT1 increases by caloric restriction [10]. SIRT1 also regu-
lates insulin secretion of pancreatic b cells and protects them 
from oxidative stress and inflammation. SIRT1 plays a positive 
role in insulin signalling in adipocyte and muscle cells, as well 
as improving aerobic metabolism [11].

The expression of SIRT1 gene was reduced in obese chil-
dren and revealed significant negative correlations with waist 
circumference, body mass index (BMI), and insulin resistance 
(IR). SIRT1 targeting can be valuable in preventing obesity-re-
lated IR in childhood and adolescence [12]. 

Mounting evidence indicates that SIRT1 suppression pro-
motes systemic inflammation, increases oxidative stress, and 
reduces aerobic metabolism, while its induction is associated 
with improved insulin sensitivity and glomerular haemostasis 
[13]. Because SIRT1 is able to regulate important cellular pro-
cesses, it could be seen as a promising therapeutic target for 
type 2 diabetes. 

The aim of the study was to compare the serum levels of 
SIRT1 and related biochemical factors as well as BMI in pa-
tients with controlled and patients with uncontrolled diabetes 
and healthy subjects.

Material and methods

In this descriptive-analytical study, patients with diabetes 
(30–50 years old), who had been referred to a diabetes clinic, 
were selected based on the criteria of the study. This study was 
approved by the Ethics Committee of our University (CODE No. 
IR.KUMS.REC.1396.297), and informed consent was signed by 
the participants. The subjects were divided into three groups 
(n  =  50/group), including: patients with controlled diabetes 
(HbA1c ≤ 6.5), patients with uncontrolled diabetes (HbA1c ≥ 6.5), 
and healthy participants (3). The routine diabetes treatment 
was insulin therapy in the clinic.

The exclusion criteria were as follows: age < 30 or > 50 years; 
duration of insulin-dependent diabetes less than three years; 
symptoms or clinical evidence of ischaemic heart disease; tak-
ing lipid-lowering drugs; severe renal disease; proliferative reti-
nopathy; thyroid disease; malignant tumours; and alcoholism. 
The study criteria were as follows: at least three years of history 
of type 2 diabetes, FBG more than 126 mg/d, no use of lipid-
lowering drugs in the six months prior to study, and body mass 
index (BMI) less than 40 [14]. 

Blood samples were collected in standard conditions after 
10–12 hours of fasting. Sera were separated and kept at –20°C. 
Serum levels of SIRT1 were measured using the ELISA method 
(US Biovision kit). FBG, HbA1c and LDL, HDL, triglyceride, and 
cholesterol levels were measured enzymatically using commer-
cial assay kits (Randox laboratories Ltd., United Kingdom).

Data analysis 
Data were reported as mean ±SD and median (interquar-

tile range), and analysis was conducted using Mann-Whitney 
U test, Kruskal-Wallis, and one-way ANOVA. Correlation analy-
sis was performed using Pearson correlation coefficient, and 
chi-square was used for analysis of nominal variables. All sta-
tistical tests were performed by SPSS software version 20, and 
a significance level of p < 0.05 was considered. 

Results

The level of SIRT1 in the uncontrolled diabetic group (3.96 
±2.52) was significantly (p < 0.001) lower than the controlled 
diabetic group (9.22 ±4.11) and healthy subjects (control 
group) (10.65 ±2.2) (Fig. 1). BMI was also significantly different 
between groups (p < 0.001), and in the healthy subjects (24.97 
±4.68) it was less than in the controlled (28.52 ±3.97) and un-
controlled (28.98 ±2.91) diabetic groups. There was a signifi-
cant difference in HbA1c between groups; the control group (4.8 
[4–5.2]) had the lowest median and the uncontrolled diabetic 
group (9.45 [8–14.2]) had the highest level. 

There was a significant difference in LDL in the control group 
(92.5 [56–170]) compared to the uncontrolled diabetic group 
(95 [43–190]) and the controlled diabetic group (76 [48–139]) 
(p < 0.05) and TG in the control group (182.5 [65–324]) com-
pared to the uncontrolled diabetic group (145.5 [57–350]) and 
the controlled diabetic group (120.5 [37–274]) (p < 0.001), and 
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there was no significant difference in the HDL between groups 
(p > 0.1) (Table I). A comparison of the correlation of different 
variables showed that there was significant reverse correlation 
between SIRT1 and HbA1c, FBG, age, and BMI (p < 0.05). Also, 
there was a  significant positive correlation between BMI and 
HbA1c (p = 0.007) (Table II). 

Discussion

In this study SIRT1, HbA1c, and related biochemical factors 
of serum, and BMI were compared in patients with controlled 
and uncontrolled diabetes and healthy subjects. Patients with 
uncontrolled diabetes had the lowest serum level of SIRT1 and 
the highest levels of HbA1c. The most important findings in the 
variable correlation were a significant and reverse relationship 
of SIRT1 with HbA1c and FBG, and a direct significant correlation 
between BMI and HbA1c. In addition, our results showed that 
serum levels of SIRT1 were higher in patients with controlled 

Figure 1. Serum levels of SIRT 1 in the control and experimental 
groups 
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Table I. Median (IQR) and mean ±SD of variables in uncontrolled and controlled diabetic and healthy subjects 

Characteristics Healthy Controlled diabetes Uncontrolled diabetes p value

FBG 89.50 (77–99)a 108 (70–178)b 158 (137–307)c < 0.001†

HbA1c (%) 4.80 (4–5.2)a 6.50 (5.4–7.02)b 9.45 (8–14.2)c < 0.001†

BMI 24.97 ±4.68a 28.52 ±3.97b 28.98 ±2.91b < 0.001‡

TG 182.50 (65–324)b 120.50 (37–274)a 145.50 (57–350)ab < 0.001†

LDL 92.50 (56–170)b 76 (48–139)a 95 (43–190)ab 0.015†

HDL 38.74 ±7.45 42.04 ±8.39 41.62 ±7.06 0.067‡

Median (interquartile range) and mean [standard deviation] are presented for data without and with normality test, respectively. Means or medi-
ans with same superscript letters are not significantly different (p > 0.05). ‡ One-way ANOVA test followed by Tukey’s test was used. † Kruskal-
Wallis test followed by Dunn’s multiple comparisons test was used
FBG – fasting blood glucose; SIRT1 – sirtuins 1; HbA1c – haemoglobin A1c; BMI – body mass index; TG – triglycerides; LDL – low-density lipo-
protein; HDL – high-density lipoprotein.

Table II. Correlation of SIRT1 with FBG and HbA1c 

SIRT1 HbA1c FBG Age BMI

Pearson correlation –0.373 –0.295 –0.175 –0.324

p value < 0.001 < 0.001 0.032 < 0.001

n 150 150 150 150

SIRT1 – sirtuin 1; HbA1c – haemoglobin A1c; FBG – fasting blood glucose; BMI – body mass index
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compared to patients with uncontrolled diabetes, which is in line 
with other studies [9, 15]. 

Kitada et al. showed that SIRT1 promotes anti-diabetic 
effects by modulating insulin secretion, improving insulin re-
sistance, and regulating circadian rhythms [9]. Yacoub et al. 
implied a  lower expression of SIRT1 in oxidative stress and 
chronic metabolic stress [16]. In agreement with their studies, 
we documented a significant, lower level of SIRT1 in patients 
with uncontrolled diabetes, and these findings can be attrib-
uted to the fact that hyperglycaemia leads to oxidative stress 
and ROS generation [17]. 

Additionally, SIRT1 protects β-cells against different oxida-
tive stress by suppressing NF-κβ signalling pathway. In β-cell-
specific SIRT1 over-expression (BESTO) mice, higher SIRT1 
levels improve glucose tolerance and increase insulin secretion 
[18, 19]. Furthermore, SIRT1 over-expression increases ATP for-
mation via repression of uncoupling protein 2 (UCP2) in β-cells 
[19, 20] that cause Ca2+-dependent insulin exocytosis [21]. 
SIRT1 also elevates the transcription and activation of Maf  A 
and Neuro D, maintaining insulin production and enhancing 
β-cell survival in vivo. It modulates insulin secretion from β-cells 
through UCP2, FOXO1, and NAD+ metabolism, leading to pro-
tective effects on different toxic stresses [22]. Also, Calabrese et 
al. reported that the expression of SIRT1 and SIRT3 was signifi-
cantly lower in patients with uncontrolled diabetes [23].

Our results are in agreement with previous studies [23, 24] in 
which mean BMI was significantly higher in uncontrolled diabet-
ic groups. Obesity is a risk factor for diabetes. There was no sig-
nificant difference in the serum levels of HDL between groups. 
However, the serum levels of TG and LDL were higher in the 
control group. SIRT1 deacetylates the nuclear histones, indicat-
ing its repressive effect in gene transcription [25]. Furthermore, 
the metabolic activity of SIRT1 depends on the deacetylation of 
non-histone proteins such as peroxisome proliferator-activated 
receptor (PPAR)-γ and α, coactivator-1α (PGC-1α), insulin re-
ceptor substrate 2, and mitochondrial UCP-2. Due to its deacet-
ylation potential, SIRT1 regulates insulin secretion, myogenesis, 
and adipogenesis [26].

Our study also shows that serum levels of SIRT1 signifi-
cantly decreased in patients with uncontrolled diabetes with 
high levels of FBG and HbA1c. SIRT1 plays an important role 

in controlling glucose homeostasis. Indeed, under diabetic 
conditions, the activity of the SIRT1 protein declines in vari-
ous tissues. SIRT1 is a regulator of the metabolic response of 
mammalians to caloric restriction [27]. A report by Khowailed 
et al. indicated that a significant increase in SIRT1 protein in the 
pre-diabetes caloric restriction group was significantly related 
to the decrease in the serum levels of glucose [28].

In humans, a number of single nucleotide polymorphisms 
(SNPs) associated with diabetes and obesity have been recog-
nised in the SIRT1 genes, suggesting that SIRTs may play 
a central role in the development of these conditions [29]. The 
fact that the level of SIRT1 is reduced with high-fat feeding and 
aging indicates that decreased SIRT1 activity is related to met-
abolic abnormalities consistent with diabetes and SNPs that 
result in reduced SIRT activity related to the development of 
the metabolic syndrome. Moreover, it has been suggested that 
SIRT activity may be a mechanistic link between over-nutrition, 
aging, and diabetes. Accordingly, STIR activators seem to be 
an effective therapeutic pipeline in diabetes and its complica-
tions [15] .

SIRT1 activation is associated with improved glucose ho-
meostasis. The interplay with other different variables in con-
trolled and uncontrolled diabetes could indicate the critical role 
of SIRT1 in the pathogenesis of diabetes. The present study 
has shown that the serum level of SIRT1 in patients with dia-
betes reduced with increasing age, but it is not surprising that 
different results among diabetic patients could be related to 
the rate of obesity, treatment regimens, age, and sex [30]. Our 
study had some limitations such as small sample size, assess-
ing just one type of sirtuin, and lack of gender consideration. 
Hence, there is a need for a complementary study with large 
sample size and a study of same protocols in obese children 
with and without diabetes. 

Conclusions

SITR1 is associated with improved glucose homeostasis, 
and the serum level of SIRT1 in the patient with diabetes was 
reduced; therefore, it can be considered as a new therapeutic 
target for prevention and treatment of type 2 diabetes.
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