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ARTICLE INFO ABSTRACT

Keywords: The incidence of type 2 diabetes mellitus is increasing in developing countries, including Indonesia. Insulin
Insulin resistance resistance is a significant contributor to elevated blood glucose levels in type-2 diabetes patients. Low levels of
Sirtuin serum sirtuin-1, irisin, and vitamin D have been linked to insulin resistance. This study aimed to identify risk
gil::r;in b factors that could predict uncontrolled glycemia and insulin resistance in Indonesian type-2 diabetes patients. We
HbAlc conducted a cross-sectional study with 73 adults from South Jakarta, Indonesia, in which we examined type-2

diabetes risk factors and biomarkers, including sex, age, body mass index, waist circumference, waist-to-hip
ratio, fasting blood glucose (FBG) levels, fasting insulin, sirtuin-1, irisin, and vitamin D levels. The subjects were
categorized into two groups based on their glycated hemoglobin (HbAlc) level and homeostatic model assess-
ment for insulin resistance (HOMA-IR) index to assess glycemic control and insulin resistance, respectively. We
compared risk factor profiles between groups and analyzed multivariate relationships with logistic regression.
Our findings revealed that 54 % of the subjects had uncontrolled glycemia, whereas only 11 % had insulin
resistance. There was a significant association between uncontrolled glycemia and reduced sirtuin-1 levels (odds
ratio = 4.07; p = 0.03), which was confirmed in the multivariate analysis (beta = 5.41, p = 0.014) along with
FBG (beta = 36.88, p = 0.001). Irisin showed a marginal association with insulin resistance in both univariate
(odds ratio = 0.12; p = 0.027) and multivariate analyses (beta = 0.09; p = 0.049). In conclusion, sirtuin-1, in
addition to FBG, is a potential marker for assessing glycemic control in type-2 diabetes patients.

1. Introduction are associated with a decreased number and function of pancreatic cells

that secrete insulin, accompanied by reduced insulin sensitivity in the

Diabetes mellitus is a chronic disease with a high global prevalence
that continues to rise. The International Diabetes Federation reported an
increase in the prevalence of diabetes from 9 % (463 million) in 2019 to
10.5 % (536.6 million) in 2021 (Sun et al., 2022). The prevalence of
diabetes in Indonesia is estimated to double by 2045, reaching 16.09 %
(40.7 million) compared with 9.19 % (18.69 million) in 2020 (Wahidin
et al., 2024). Thus, there are public, academic, and government de-
mands for intervention programs to manage diabetes risk factors.

The clinical manifestations of type 2 diabetes are heterogeneous,
resulting in diverse progression to chronic complications. Hyperglyce-
mia is the main sign of type-2 diabetes and is defined by high fasting
blood glucose (FBG) levels. Glycemic levels in type-2 diabetes patients
are also assessed by glycosylated hemoglobin (HbAlc) (American Dia-
betes Association, 2021). The pathogenesis and progression of diabetes

tissue. Insulin resistance is characterized by a failure to respond to in-
sulin stimulation in various tissues caused by decreased sensitivity of
insulin receptors (American Diabetes Association, 2021). The homeo-
static model assessment for insulin resistance (HOMA-IR), developed by
Matthews et al., quantifies insulin resistance and pancreatic p-cell
function by considering plasma insulin levels and FBG (Matthews et al.,
1985). Insulin resistance can affect the liver, skeletal muscle, and adi-
pose tissues (Lee et al., 2021). The manifestation of insulin resistance in
type-2 diabetes patients occurs due to the failure of pancreatic p-cells to
compensate for the increased insulin secretion required at high blood
sugar levels, resulting in impaired glucose tolerance.

The mechanisms underlying type-2 diabetes are not fully understood
due to the polygenic nature of type-2 diabetes, which involves various
physiological systems and is affected by environmental and dietary
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factors. New clinical and environmental risk factors, such as dietary and
regulatory proteins, are continuously reported and have been estab-
lished in recent years. Many of these newly proposed risk factors remain
unconfirmed in populations in the Global South. In this study, we are
particularly interested in risk factors that could predict glycemic control
and insulin resistance in patients with confirmed type-2 diabetes in
Indonesia. The chiefs among these factors were serum vitamin D, sirtuin-
1, and irisin.

Recent studies have highlighted the role of vitamin D in the patho-
genesis of type-2 diabetes. Vitamin D deficiency was found to be more
prevalent among individuals with type-2 diabetes (Nasr et al., 2022).
The pathogenesis of insulin resistance in the patients, such as pancreatic
dysfunction and decreased f-cell mass, is associated with various risk
factors, including vitamin D deficiency. Serum vitamin D levels are
negatively associated with HbAlc (Buhary et al., 2017; Jha et al., 2020;
Nasr et al., 2022), whereas vitamin D supplementation reduces HbAlc
(Buhary et al., 2017; Mirhosseini et al., 2018; Safarpour et al., 2020) and
HOMA-IR (Lei et al., 2023; Talaei et al., 2013; Xu et al., 2022). Safarpour
et al. reported that, compared with placebo, vitamin D supplementation
for six months significantly reduced HbAlc and increased sirtuin-1 and
irisin levels; however, although there was a significant change in HOMA-
IR after supplementation, it was not significantly different from that in
the placebo group (Safarpour et al., 2020).

Sirtuins are a family of proteins involved in the regulation of various
biological processes, including metabolic regulation, mitochondrial
homeostasis, oxidative stress, inflammation, autophagy, and apoptosis.
Sirtuin-1 is more widely studied compared to the other six sirtuins in
mammals, particularly because of its regulatory role in aging, obesity,
type-2 diabetes, cardiovascular diseases, neurodegenerative diseases,
and cancer (Zhou et al., 2018). Sirtuin-1 is known to be negatively
correlated with type-2 diabetes. A comparative study by Rahimi et al.
revealed that sirtuin-1 levels were lower in individuals with uncon-
trolled glycemia than in those with controlled glycemia and healthy
individuals (Rahimi et al., 2020).

Irisin is a novel myokine, a polypeptide secreted by an unknown
protease protein containing a fibronectin type III domain (FNDC5),
which is a membrane protein expressed in skeletal muscle, heart, liver,
and adipose tissue (Akyuz et al., 2021). Irisin is a proteolytic cleavage
product of FNDC5, whose expression is induced by the coactivator
PPARy 1 alpha (PGC1l-a). Physical activity and exercise induce the
expression of this gene, leading to the release of irisin into the circula-
tion. This process increases energy expenditure and thermogenesis by
increasing the levels of uncoupling protein 1 (UCP1) through the stim-
ulation of peroxisome proliferator-activated receptor (PPAR)-y coac-
tivator (PGC-1a) PPAR-a expression in white adipose tissue (Moreno
et al., 2015). Lower levels of irisin were reported in individuals with
type-2 diabetes compared to those without type-2 diabetes (Choi et al.,
2013; Moreno et al., 2015). Circulating irisin in blood was found to be
associated with IR, as were age, sex, body mass index (BMI), and
physical activity (Moreno et al., 2015). Taken together, these findings
suggest that irisin might improve hyperglycemia by increasing energy
expenditure, improving glucose homeostasis, and reducing insulin
resistance.

Central to the pathophysiology of type 2 diabetes is systemic chronic
inflammation, which leads to metabolic dysregulation, insulin resis-
tance, and hyperglycemia (Ellulu and Samouda, 2022; Wu and Ballan-
tyne, 2020). Vitamin D, sirtuin-1, and irisin possess anti-inflammatory
properties; and vitamin D may support the functions of sirtuin-1 and
irisin (Safarpour et al., 2020). The interplay of all three has the potential
to mitigate the development of insulin resistance. Additionally, vitamin
D is stored in adipose tissues, the liver, and muscle—where irisin is most
highly expressed. This suggests a potential interplay between irisin and
vitamin D that may enhance energy expenditure and adipose thermo-
genesis, both of which are crucial for maintaining metabolic
homeostasis.

In this study, we measured the serum sirtuin-1, irisin, and vitamin D
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levels in Indonesian patients diagnosed with type-2 diabetes and
investigated their associations with common type-2 diabetes risk factors,
such as anthropometry and FBG. Furthermore, we established cutoff
values for sirtuin-1 and irisin specific to type-2 diabetes within the
population. Finally, we assessed the potential of sirtuin-1 and irisin as
biomarkers for predicting uncontrolled glycemia and insulin resistance
in type-2 diabetes patients.

2. Material and methods
2.1. Study design and subjects

This is a cross-sectional study with a targeted sampling strategy. Our
study subjects were recruited through a community engagement activity
with residents of the Mampang Prapatan district in South Jakarta,
Indonesia, between June and November 2022. We enrolled men or
women over 21 years of age who had been diagnosed with type-2 dia-
betes by a doctor and individuals with FBG > 126 mg/dL without prior
diagnosis of diabetes. Individuals with a history of kidney or liver
dysfunction were excluded. Subjects were enrolled with informed con-
sent. For the enrolled subjects with a history of diabetes, we recorded the
time from their first diagnosis (in months) and the type of ongoing oral
antidiabetic drug (OAD) treatment.

2.2. Sample and data collection

Venous blood samples were taken in the morning after the subjects
had fasted for 10-12 h. The blood was used to measure FBG, HbAlc,
insulin, vitamin D, sirtuin-1, irisin, alanine aminotransferase (ALT),
creatinine, and albumin. To exclude patients with liver and kidney
dysfunction, we used cutoff values of ALT >40 U/L, creatinine >1.1 mg/
dL, and albumin <3.5 g/dL.

Interviews were conducted to obtain age and sex information. Body
weight and height were measured, and BMI was calculated as body
weight (kg) per square meter of height (m?). Subjects with a BMI > 25
kg/m? were categorized as obese. Waist circumference and hip
circumference were measured in centimeters. We defined central
obesity with cutoff points of 90 cm for waist circumference and 0.8 for
the waist-to-hip ratio (World Health Organization, 2008). We also
measured systolic and diastolic blood pressure (mmHg). Hypertension
was determined on the basis of a systolic blood pressure > 140 mmHg.

2.3. Laboratory measurements

HbA1c was measured with high-performance liquid chromatography
(HPLC), and FBG was measured with the hexokinase enzymatic method.
HbAlc and FBG values were used to differentiate controlled glycemia
(HbAlc < 7 %; FBG < 140 mg/dL) from uncontrolled glycemia (HbAlc
> 7 %; FBG > 140 mg/dL). The HOMA-IR index was calculated as
described in a previous study with the following formula: insulin level
(pIU/mL) x FBG (mg/dL) / 405; individuals with a HOMA-IR value of
>3.75 were categorized as insulin resistant (Kurniawan et al., 2018).
Vitamin D levels were assessed with direct competitive chemilumines-
cent microparticle immunoassay (CMIA). Patients' vitamin D status was
classified as either low if <20 ng/mL or sufficient if >20 ng/mL (Talaei
et al., 2012). Human sirtuin-1 levels were determined with the Invi-
trogen Human SIRT1 ELISA Kit (catalog number EH427RB), and serum
irisin levels were assessed with the Irisin ELISA Kit (BioVendor R&D;
catalog number RAGO18R). The assessments were performed following
the manufacturers' protocol.

2.4. Statistical analysis
Numerical data were assessed for normality of distribution with the

Shapiro-Wilk test. Owing to their nonnormal distributions, sirtuin-1,
irisin, vitamin D, HbAlc, and HOMA-IR levels are reported as
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medians, and the data ranges are expressed as the first and third inter-
quartile ranges (IQRs). These parameters were compared between pa-
tients with uncontrolled glycemia and insulin-resistant patients with the
Mann-Whitney U (MWU) test. Receiver operating characteristic (ROC)
curves were generated to evaluate sirtuin-1 and irisin levels, as insulin-
resistant patients had high HbAlc levels. The area under the curve
(AUC) and optimal cutoff points for predicting HbAlc using sirtuin-1
and irisin were determined on the basis of the largest sum of sensi-
tivity and specificity. Multivariate relationships between risk factors of
uncontrolled glycemia and insulin resistance were assessed with logistic
regression analysis, incorporating FBG, vitamin D, sirtuin-1, irisin levels,
age, gender, BMI, waist circumference, waist-to-hip ratio, systolic blood
pressure, and OAD consumption. We also applied a bi-directional step-
wise model selection process to determine the combination of predictors
for HbA1C and HOMA-IR status, selecting the model with the lowest
Akaike Information Criterion (AIC) value as the optimal choice. All the
statistical analyses were performed with the Statistical Package for the
Social Sciences (SPSS) version 20.0 and R version 1.4.1. Statistical sig-
nificance was considered at p < 0.05.

3. Results
3.1. Subject characteristics

Seventy-three out of eighty subjects fulfilled the inclusion and
exclusion criteria. Table 1 describes the distribution of their

Table 1
Demography and clinical characteristics of the studied subjects.

Variables Frequency Percentage (%)
Sex

Male 15 20.5

Female 58 79.5
Age group

61-80 years old 26 35.6

35-60 years old 47 64.4
Obesity

Obese (BMI > 25 kg/m?) 48 65.8

Nonobese (BMI < 25 kg/m?) 25 34.2
Waist circumference

High (>90 cm) 60 83.6

Normal (<90 cm) 12 16.4
Waist-to-hip ratio

High (>0.8) 68 93.2

Normal (<0.8) 5 6.8
Systolic blood pressure

Hypertension (>140 mmHg) 46 63.0

Normal (<140 mmHg) 27 37.0
Fasting blood glucose

High (>140 mg/dL) 35 47.9

Normal (<140 mg/dL) 38 52.1
Vitamin D

Insufficient (<20 ng/mL) 67 91.8

Sufficient (>20 ng/mL) 6 8.2
HOMA-IR

Insulin resistant (>3.75) 8 11.0

Insulin responsive (<3.75) 65 89.0
HbAlc

Uncontrolled glycemia (>7 %) 54 74.0

Controlled glycemia (<7 %) 19 26.0
Diabetes duration

<12 months 46 63.0

>13 months 27 37.0
Antidiabetic treatment

No OAD 28 38.4

Metformin 39 53.4

Glimepiride 1 1.4

Glibenclamide 3 4.1

Metfromin + Glimepiride 2 2.7

Abbreviations: BMI = body mass index; HOMA-IR = homeostatic model
assessment for insulin resistance; HbAlc = glycosylated hemoglobin; OAD =
oral antidiabetic drug.
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characteristics at the time of enrollment. The majority of the subjects
were women, with a male-to-female ratio of 1:4. Nearly 65 % of the
sample was 60 years of age or younger. Obesity was observed in 65.8 %
of the subjects, whereas central obesity was observed in 83.6 % (waist
circumference > 90 cm) and 93.2 % (waist-to-hip ratio > 0.8) of the
subjects. Systolic hypertension (>140 mmHg) was present in 63 % of the
subjects. A total of 47.9 % of the subjects had high FBG (>140 mg/dL).
Vitamin D deficiency (<20 ng/mL) was found in 91.8 % of the subjects.
High HOMA-IR (>3.75) was a minority at 11.0 %, whereas the HbAlc
level was high (>7 %) in most subjects at 74 %. Most subjects were
recently diagnosed with diabetes within the last 12 months (46, 63 %),
while the rest (27, 37 %) had been diagnosed between 13 and 36
months. Participants with a prior diagnosis (45 subjects) had been
treated with OAD, with metformin being the most commonly prescribed,
in line with the country's standard (53 %). Other reported OADs
included glimepiride (1 subject), glibenclamide (3 subjects), and a
combination therapy of metformin and glimepiride (2 subjects).

3.2. Sirtuin-1 and irisin cutoff values in type-2 diabetes patients

Across 73 subjects, we observed that the median HbAlc level was
9.1 %, and the IQR was 6.8-11.0 %. The median HOMA-IR value was
1.12, and IQR of 0.33-2.09. Serum sirtuin-1 and irisin values had non-
normal distributions (Shapiro-Wilk test, p < 0.05). Sirtuin-1 levels had
a median of 0.45 ng/mL and IQR of 0.36-0.56 ng/mL. Irisin levels had a
median of 28 pg/mL and IQR of 17.5-30.0 pg/mL.

We further investigated whether sirtuin-1 and irisin levels are
different in our subjects with abnormal HbAlc levels. There was a sig-
nificant difference in sirtuin-1 levels (MWU test, p = 0.050) between
subjects with uncontrolled glycemia (HbAlc > 7 %, 54 subjects) and
those with normal glycemia (HbAlc < 7 %, 19 subjects). The median
and IQR of sirtuin-1 levels were 0.39 (0.36-0.52) ng/mL in patients with
uncontrolled glycemia and 0.55 (0.37-0.62) ng/mL in patients with
controlled glycemia. In contrast, the irisin levels were not significantly
different (MWU test, p = 0.128). Irisin levels had a median and IQR of
27.9 (15.6-30.0) pg/mL in patients with uncontrolled glycemia, which
is comparable to the range of 28.9 (22.3-30.0) pg/mL reported in pa-
tients with controlled glycemia.

In addition, we investigated whether sirtuin-1 and irisin levels differ
between subjects with insulin resistance. We found no difference in the
circulating levels of sirtuin-1 (MWU test, p = 0.219) or irisin (MWU test,
p = 0.314) between the insulin-resistant group (HOMA-IR > 3.75, 8
subjects) and the insulin-responsive group (HOMA-IR < 3.75, 65
subjects).

Compared with the insulin-responsive group, the insulin-resistant
group presented a modestly elevated median and IQR of 0.59
(0.36-0.98) ng/mL, whereas the insulin-responsive group presented
0.44 (0.36-0.55) ng/mL. The median and IQR of irisin concentration
was 21.44 (17.9-26.7) pg/mL in the insulin-resistant group, which is
lower compared to 28.9 (17.2-30.0) pg/mL in the insulin-responsive
group. Owing to the low prevalence of insulin resistance in our data,
we refrained from determining cutoff points for HOMA-IR.

To determine cutoff points for sirtuin-1 and irisin for patients with
uncontrolled glycemia, we performed receiver ROC analysis. ROC
analysis of sirtuin-1 revealed an area under the curve of 0.652, with a 95
% confidence interval ranging 0.501-0.893 (Fig. la). These values
suggest that the role of sirtuin-1 in determining uncontrolled glycemia is
weak (between 0.6 and 0.7). The optimal cutoff point for sirtuin-1 levels
in our data was 0.49 ng/mL, with a sensitivity of 70.4 % and a specificity
of 63.2 % for detecting uncontrolled glycemia in patients (Fig. 1b).

Although there was no significant difference in irisin levels between
the uncontrolled and controlled glycemia groups, ROC analysis revealed
an area under the curve value of 0.578, with a 95 % confidence interval
ranging from 0.445 to 0.712 (Fig. 1c). This value indicates that irisin
levels do not play a significant role in determining uncontrolled glyce-
mia. The optimal cutoff point for irisin was 28.385 pg/mL, with a
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Fig. 1. Determination of cutoff points for sirtuin-1 and irisin in type-2 diabetes patients with uncontrolled glycemia; a, ROC curve for sirtuin-1; diagonal segments
are produced by ties; b, sensitivity and specificity curves for sirtuin-1; ¢, ROC curve for irisin; d, sensitivity and specificity curves for irisin.

sensitivity and specificity of 51.9 % (Fig. 1d).

3.3. Associations of HbAlc and HOMA-IR with type-2 diabetes risk
factors

We examined the relationships between various risk factors and
uncontrolled glycemia. We found that high FBG, vitamin D deficiency,
and low sirtuin-1 levels were associated with a high risk for uncontrolled
glycemia (Table 2). As expected, patients with FBG levels above 140
mg/dL have a 30.6 times greater risk than those with lower blood sugar
levels; the association is strongly significant, with a 95 % confidence
interval (95 % CI) between 3.79 and 246.9 times greater. Patients with
vitamin D deficiency had a 6.93-fold greater risk, with a 95 % CI be-
tween 1.16 and 41.6. Patients with low sirtuin-1 levels (<0.49 ng/mL)

have a 4.07-fold greater risk for uncontrolled glycemic condition, with a
95 % CI between 1.36 and 12.23. On the other hand, we found no as-
sociations between HOMA-IR score and risk factors, except for irisin
(Table 2). An elevated irisin was significantly associated with a lower
risk for insulin resistance, but the decrease in odds was negligible (0.12
times).

Significant differences in both HbA1C and HOMA-IR were observed
between subjects who consumed OADs, highlighting the impact of OAD
consumption on diabetes phenotypes (Table 2). We further performed
MWTU tests to assess if sirtuin-1 and irisin levels were affected by OAD
consumption, but we found no significant difference (all p > 0.05).
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Table 2
HbA1lc and HOMA-IR associations with sirtuin-1, irisin, and T2DM factors.
Risk factor HbAlc (%) HOMA-IR
>7 <7 p OR 95 % CI >3.75 <3.75 p OR 95 % CI
Low High Low High

Sex
Male 11 4 1.000 0.96 0.27 3.47 1 14 0.956 0.52 0.06 4.59
Female 43 15 7 51

Age group
61-80-year-old 17 9 0.214 0.51 0.18 1.49 2 24 0.809 0.57 0.11 3.05
35-60-year-old 37 10 6 41

BMI
>25 kg/m? 34 14 0.397 0.61 0.19 1.94 5 43 1.000 0.85 0.19 3.90
<25 kg/m? 20 5 3 22

Waist circumference
>90 cm 44 17 0.680 0.52 0.11 2.61 7 54 1.000 1.43 0.16 12.78
<90 cm 10 2 1 11

Waist-to-hip ratio
>0.8 50 18 1.000 0.69 0.07 6.63 8 60 1.000 1.55 0.54 4.42
<0.8 4 1 0 5

Fasting blood glucose
>140 mg/dL 34 1 <0.001%** 30.60 3.79 246.9 2 36 0.211 0.27 0,05 1.43
<140 mg/dL 20 18 6 29

Vitamin D levels
<20 ng/mL 52 15 0.073" 6.93 1.16 41.6 8 59 1.000 1.86 0.48 7.18
>20 ng/mL 2 4 0 6

Sirtuin-1 levels
<0.49 ng/mL 38 7 0.010* 4.07 1.36 12.23 1 18 0.656 0.37 0.04 3.25
>0.49 ng/mL 16 12 7 47

Irisin levels
>28.375 pg/mL 26 10 0.737 0.840 0.290 2.38 1 35 0.027* 0.12 0.01 1.05
<28.375 pg/mL 28 9 7 30

Antidiabetic treatment
No OAD 15 13 0.002%* 0.18 0.06 0.55 0 28 0.02* 0.08 0.01 0.65
OAD 39 6 8 37

OR = odds ratio; OAD = oral antidiabetic drug. OR and p-value, obtained from Fisher Exact test for count data. Significant values are marked as " for p < 0.1 (marginal),

* for p < 0.05; ** for p < 0.01, and *** for p < 0.001.

3.4. Predictors of HbAlc and HOMA-IR in type-2 diabetes patients

To further understand the relationship between risk factors in our
data, we conducted a multivariate logistic regression analysis incorpo-
rating sirtuin-1, irisin, FBG, and vitamin D levels, along with age, sex,
BMI, waist circumference, waist-to-hip ratio, systolic blood pressure,
and OAD consumption. Furthermore, we used a bi-directional stepwise
model selection process to identify the optimal combination of HbA1C
and HOMA-IR status predictors. The model with the smallest Akaike
Information Criterion (AIC) value was selected as the most suitable.

The result showed that sirtuin-1 was positively associated with
HbA1C in both the full model and the optimal model, although the
strength of the association was lower (6.8-fold reduction) than that of
FBG (Table 3). On the other hand, irisin showed a weak and marginal
association with HOMA-IR. HOMA-IR was also linked to OAD con-
sumption, although these relationships were not statistically significant.
Interestingly, we found no significant association between HbA1C and
vitamin D level in the multivariate analysis, despite observing a mar-
ginal correlation in the univariate analysis (Table 2).

4. Discussion

This study investigated key risk factors for predicting uncontrolled
glycemia and insulin resistance in type-2 diabetes patients in Indonesia.
We assessed sirtuin-1, irisin, and vitamin D levels and their relationships
with typical type-2 diabetes risk factors, including anthropometric pa-
rameters, FBG, HbAlc, and the HOMA-IR index. We established specific
cutoff values for sirtuin-1 and irisin and evaluated these markers as
potential glycemic control and insulin resistance predictors in Indone-
sian type-2 diabetes patients.

The use of HbAlc and HOMA-IR for classifying type-2 diabetes

patients has been considered in clinical settings. While a recent sys-
tematic review reported that HbAlc is a reliable marker with high
specificity for type-2 diabetes (Butler et al., 2021), there is a lack of
consensus on the HOMA-IR reference value. Studies have shown that
HOMA-IR values differ by ethnicity, age, and sex. For example, South
Asians, particularly first-generation migrants, exhibit higher HOMA-IR
values than European and African Caribbean populations (Molinari
et al., 2021). Similarly, research indicates that Hispanic populations
have higher HOMA-IR values than Caucasians (Wallace et al., 2004).
The reported HOMA-IR values across different ethnicities were 2.29 for
Caucasians, 3.80 for middle-aged Mexican Americans (Qu et al., 2011),
2.3 for elderly Taiwanese individuals (Cheng et al., 2017), and 3.63 for
middle-aged individuals in the Czech Republic (Horakova et al., 2019).

We found a low incidence of insulin resistance based on HOMA-IR in
confirmed type-2 diabetes patients despite the use of a cutoff value for
HOMA-IR specific to our studied population and a high incidence of
uncontrolled glycemia (HbAlc over 7 %). The incidence of uncontrolled
glycemia was five times greater than the incidence of insulin resistance.
This finding suggests that the association between HbAlc and HOMA-IR
is not linear, possibly due to varying manifestations, antidiabetic med-
ications, or confounding factors related to population bias. Furthermore,
the majority of our subjects (61.6 %) had received diabetes medication
prior to enrollment and, therefore, may also have reduced insulin levels,
affecting the baseline for HOMA-IR scoring.

Furthermore, we found no significant correlation between HOMA-IR
and anthropometric risk factors (i.e., body mass index, waist circum-
ference, and waist-to-hip ratio). There were also no significant associa-
tions between anthropometric factors and HbAlc. HOMA-IR has
established associations with obesity, waist circumference, body fat, and
visceral fat (Cheng et al., 2017; Kurniawan et al., 2018). Saravia et al.
reported a significant difference in HOMA-IR and HbAlc when
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Table 3
Multivariate associations of HbA1C and HOMA-IR with T2DM risk factors.
Covariates HbA1C HOMA-IR
Full model Optimal model Full model Optimal model
beta p beta P beta P beta p
Sirtuin
1: >0.49 ng/mL 5.38 0.037* 5.41 0.014* 0.18 0.144 0.21 0.105
0: <0.49 ng/mL
Irisin
1: >28.375 pg/mL 1.36 0.697 - - 0.05 0.065" 0.09 0.049*
0: <28.375 pg/mL
Fasting blood glucose
1: >140 mg/dL 16.87 0.028* 36.88 0.001** 1.07 0.959 - -
0: <140 mg/dL
Vitamin D level
1: >20 ng/mL —1.86 0.211 - - —16.56 0.998 - -
0: <20 ng/mL
Age
1: >61 years old 0.1 0.906 - - -0.73 0.636 - -
0: <61 years old
Body mass index
1: >25 kg/m? —0.83 0.427 - - 0.47 0.783 - -
0: <25 kg/m?
Waist circumference
1: M >90 cm; F > 80 cm 0.94 0.585 - - —2.69 0.297 - -
0: M < 90 cm; F < 80 cm
Waist-to-hip ratio
1: >0.8 0.21 0.913 - - 14.22 0.998 - -
0: <0.8
Systolic hypertension
1: >140 mmHg 0.17 0.833 - - —-0.09 0.935 - -
0: <140 mmHg
Sex
0: Female 0.15 0.893 - - —1.47 0.38 - -
1: Male
Antidiabetic treatment
Metformin 1.12 0.15 - - 19.15 0.995 19.05 0.995
Glimepiride 14.54 0.998 42.03 0.998 41.08 0.998
Glibenclamide 16.74 0.996 -0.6 1 —-0.38 1
Metformin+Glimepiride 15.64 0.997 —1.64 1 0.7 1

Beta and p-value were obtained from logistic regression analysis. Significant values are marked as " for p < 0.1 (marginal), * for p < 0.05, and ** for p < 0.01. The
optimum model was selected based on the lowest Akaike Information Criteria in a bi-directional step-wise selection method.

comparing groups with and without metabolic syndrome (Saravia et al.,
2015). Importantly, the majority of our studied subjects were obese
according to the WHO Asia Pacific standards. Therefore, there were
minimal variations in BMI, waist circumference, body fat, and visceral
fat between the groups in our data.

We also did not find that HOMA-IR was associated with serum FBG or
vitamin D levels. In the univariate analysis, we observed a marginal
association between vitamin D and HbA1C. However, this association
was not significant in the multivariate analysis, which accounted for
other phenotypic risk factors (age, gender, obesity, hypertension) and
diabetes medications as cofactors. A clinical trial previously reported
that Vitamin D supplementation reduced HbA1lc and increased HOMA-
IR, although the change in HOMA-IR was not significant compared
with that of the placebo (Safarpour et al., 2020). Other studies, however,
have reported a negative vitamin D correlation with both HbAlc
(Buhary et al., 2017; Jha et al., 2020) and insulin resistance (Xu et al.,
2022). Talei et al. reported that vitamin D supplementation led to lower
levels of FBG and HOMA-IR (Talaei et al., 2013). Mirhosseini et al. also
demonstrated that vitamin D supplementation improved FBG, glycemic
control, and insulin resistance in individuals with prediabetes and a high
risk of type-2 diabetes (Mirhosseini et al., 2018). We acknowledge that
the low incidence of insulin resistance in our data might limit the
robustness of the association analyses for HOMA-IR.

We found a strong association between HbAlc and sirtuin-1. Our
data suggest an optimal cutoff value for predicting HbAlc using sirtuin-1
at 0.49 ng/mlL, although the effect size, sensitivity, and specificity are
modest. Rahimi et al. also reported significant differences in sirtuin-1

levels among individuals with uncontrolled diabetes, individuals with
controlled diabetes, and healthy controls and reported a negative cor-
relation between sirtuin-1 levels and HbAlc, and also with FBG (Rahimi
et al., 2020). Curiously, we found no association between the serum
irisin level and the HbAlc level. This contradicts the findings of a recent
meta-analysis that revealed a significant difference in irisin levels be-
tween individuals with diabetes and those without diabetes (Song et al.,
2021). Our data does not support the negative correlations between
irisin levels and hyperglycemia (Ahmed et al., 2023; Khajebishak et al.,
2023). Furthermore, we could not confirm the associations of HOMA-IR
with sirtuin-1 and irisin in type-2 diabetes patients in Indonesia. The
lack of associations may be attributed to the low incidence of insulin
resistance in our study.

Our multivariate logistic regression analysis demonstrated that
sirtuin-1 levels are associated with HbA1c levels, concurrently with FBG.
Although FBG emerged as the strongest predictor, with an effect
approximately seven times larger than that of sirtuin-1, this was ex-
pected. Our model only partially supports the results of Safarpour et al.,
who demonstrated that vitamin D supplementation also improved dia-
betic risk factors, accompanied by elevated sirtuin-1 and irisin levels
(Safarpour et al., 2020). We recommend further investigations into the
roles of sirtuin-1 and irisin in glycemic control, insulin resistance, and
the management of patients with type-2 diabetes.

Our subjects reported using three types of OADs: metformin, gli-
mepiride, and glibenclamide. Metformin, a biguanide, reduces glucose
production in the liver and enhances insulin sensitivity in muscle and
adipose tissue without stimulating insulin secretion. In contrast,
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glibenclamide and glimepiride, which belong to the sulfonylurea class,
act as insulin secretagogues, stimulating insulin secretion in the
pancreas. Only six subjects (8 %) in this study reported using these
drugs, while the majority used metformin. These OADs were signifi-
cantly associated with both HbA1C levels and HOMA-IR values in the
univariate analyses, but not in the multivariate.

OAD consumption did not significantly impact the association be-
tween sirtuin-1 and HbA1C in this study. However, there is some evi-
dence that the role of sirtuin-1 in glucose control and insulin signaling is
affected by hyperglycemic and insulin-resistant conditions in vitro (Jeon
et al., 2019; Tu et al., 2021). Given that OADs are used to manage hy-
perglycemia and insulin resistance, their impact on these conditions
could potentially influence sirtuin-1 expression and activity, which may,
in turn, affect glucose metabolism and insulin sensitivity. Thus, further
research is needed to understand how OAD consumption interacts with
sirtuin-1.

We acknowledge several limitations in this study. The relatively
small sample size of type-2 diabetes patients with elevated HOMA-IR
may reduce the robustness of our association analyses for insulin resis-
tance. Lifestyle factors, such as physical activity, nutritional status, and
consumption of other medications, may impact the expression of sirtuin-
1 and irisin. The cross-sectional design restricts our ability to establish
causal relationships between risk factors, glycemic control, and insulin
resistance. The relatively young age of our subjects raises the possibility
of atypical diabetes types, such as maturity-onset diabetes of the young
(MODY), which may have different clinical manifestations from typical
type-2 diabetes. Lastly, considering the influence of environmental and
genetic factors in the complex pathophysiology of type-2 diabetes, our
findings—based on a specific community in Indonesia—should be
validated in other populations.

5. Conclusion

Our study contributes valuable insights into potential predictors and
biomarkers for managing type-2 diabetes. We evaluated the associations
between glycemic control, insulin resistance, and several risk factors in
patients with type-2 diabetes. Among these factors, sirtuin-1 has a sig-
nificant association with uncontrolled glycemia, along with FBG, in
type-2 diabetes patients. On the other hand, vitamin D and irisin were
not strongly associated with either glycemic control or insulin resis-
tance. Further multicenter studies with larger cohorts are recommended
to gain a more comprehensive understanding of the role of sirtuin-1,
irisin, and vitamin D in glycemic control, insulin resistance, and the
pathogenesis of type-2 diabetes in Indonesia. Although the predictive
roles of sirtuin-1 and irisin for diabetic phenotypes appear modest in our
study and may not yet support their use in current clinical practice, we
believe these biomarkers warrant further investigation as potential tools
for diabetes sub-classification, as assessment markers for treatment
effectiveness, and as new therapeutic targets.
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Glossary

Anthropometry: the measurement of the size, shape, and composition of the human body.

Glycemia: the concentration of glucose in the blood. Controlled glycemia refers to main-
taining blood glucose levels within a target range to avoid complications associated
with diabetes.

Insulin resistance: a condition where the body's cells become less responsive to insulin,
leading to elevated blood glucose levels.
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ARTICLEINFO STRACT

Keywords: The incidence of type 2 diabetes melli@ increasing in developing countries, including Indonesia. Insulin
Insulin resistance resistance is a significant contributor to elevated blood glicose levels in type-2 dia patients. Low levels of
Sirin serum sirtuin-1, irisin, and vitamin D have been linked to insulin resistance. This aimed to identify risk
::::m 5 factors that could predict uncontrolled glycemia and insuli jstance in Indonesian type-2 diabetes patients. We
HbAlc conducted a cross-sectional study with 73 adults from Suﬁa&arm, Indonesia, in which we examined type-2

diabetes risk factors and biomarkers, includipg sex, age, body mass index, waist circumference ist-to-hip
ratio, fasting blood glucose (FBG) levels, f; nsulin, sirtuin-1, irisin, and vitamin D levels. The subjects were
categorized into two groups based on their glycated hemoglobin (HbAle) level and homeostatic model assess-
ment for insulin resistance (HOMA-IR) index to assess glycemic control and insulin resistance, respectiv e
compared risk factor profiles between groups and analyzed multivariate relationships with logistic reg .
Our findings revealed that 54 % of the subjects had uncontrolled glycemia, whereas only 11 % had insulin

resistance. There was a significant association between uncontrolled glycemia and reduced sirtuin:1 levels (odds
ratio = 4.07; p = 0.03), which was confirmed in the multivariate analysis (beta = 5.41, p —4) along with

FBG (beta = 36.88, p — 0.001). Irisin showed a maggi
(odds ratio = 0.12; p = 0.027) and multivariate a

| association with insulin resistance in both univariate
(beta = 0.09; p = 0.049). In conclusion, sirtuin-1, in

addition to FBG, is a potential marker for assessing glycemic control in type-2 diabetes patients.

1. Introduction

Diabetes mellitus m:hmnic disease with a high global prevalence
that continues to rise. The International Diabetes Federation reported an
increase in the prevalence of diabetes from 9 % (46 SEH) in 2019 to
10.5 % (536.6 million) in 2021 (Sun et al., 2022). The prevalence of
diabetes in Indonesia is estimated to double by 2045, reaching 16.09 %
(40.7 million) compared with 9.19 % (18.69 million) in 2020 (W ahidin
et al., 2024). Thus, there are public, academic, and government de-
mands for intervention programs to manage diabetes risk factors.

T linical manifestations of type 2 diabetes are heterogeneous,
re in diverse progression to chronic complications. Hyperglyce-
mia is the main sign of type-2 diabetes and is defined by high fasting
blood glucose (FBG) levels. Glycemic levels in type-2 diabetes patients
are also assessed by glycosylated hemoglobin (HbAlc) (American Dia-
betes Association, 2021). The pathogenesis and progression of diabetes

are associated with a decreased number and function of pancreatic cells
that secrete insulin, accompanied by reduced insulin sensitivity in the
tissue. Insulin resistance is characterized by a failure to respond to in-
sulin gtimulation in various tissues caused by decreased sensitivity of
hlstﬂiﬂeptom (American Diabetes Association, 2021). The h -
static model assessment for insulin resistance (HOMA-IR), devdoﬂ(
Matthews et al.,, quantifies insulin resistance and pancreatic f-cell
function by considering plasma insulin levels and FBG (Matthews et
1985). Insulin resistance can affect the liver, skeletal muscle, and ah
pose tissues (Lee ot al., 2021). The manifestation of insulin resistance in
type-2 dia tients occurs due to the failure of pancreatic p-cells to
compensate e increased insulin secretion required at high blood
levels, resulting in impaired glucose tolerance.

he mechanisms underlying type-2 diabetes are not fully understood
due to the polygenic nature of type-2 diabetes, which involves various
physiological systems and is affected by environmental and dietary
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factors. New clinical and environmental risk factors, such as dietary and

regulatory proteins, are continuously reported ve been estab-
lished in recent years. Many of these newly propos ctors remain
unconfirmed in populations in the Global South. In dy, we are

particularly interested in risk factors that could predict glycemic control
and insulin resistance in patients with confirmed type-2 diabetes in
Indonesia. The chiefs among these faj ‘were serum vitamin D, sirtuin-
1, and irisin.

Recen ies have highlighted the role of vitamin D in the patho-
genesis oﬁz diabetes. Vitamin D deficiency was found to be more
prevalent among individuals with type-2 diabetes (Nasr et al., 2022).
The pathogenesis of insulin resistance in the patie uch as pancreatic
dysfunction and decreased p-cell mass, is associﬁwirh various risk
factors, including vitamin D deficiency. Serum vitamin D levels are
negatively associated with HbAlc (Buhary etal., 2017; Jha etal., 2020;

Eh 2022), whereas vitamin D supplementation reduces HbAlc
(Buhary etal., 2017; Mirhosseini etal., 2018; Safarpour et al., 2020} and
HOMA-IR (Lei etal., 2023; Talacietal., 2013; Xu et al., 2022). Safarpour
et al. reported that, compared with placebo, vitamin D supplementation
for six months significantly redk:¥4l HbA1c and increased sirtuin-1 and
irisin levels; however, althouUbere was a significant change in HOMA-
IR after supplementation, it wis¥Alof _significantly different from that in
the placebo group (Safarpour et al PERR0).

Sirtuins are a family of proteins involved in the regu]an'l of various
biological processes, including metabolic regulation, mitochondrial
homeostasis, oxidative stress, inflammation, auto , and apoptosis.
Sirtuin-1 is more widely studied compared to d&r six sirtuins in
mammals, particularly because of its regulatory role in aging, abesity,
type-2 diabetes, cardiovascular diseases, neurodegenerative disa‘ls,

Al

Nasr et

and cancer (Zhou et al., 2018). Sirtuin-1 is known to be neg ¥
correlated with type-2 diabetes. A comparative study by Rahimi et al.
revealed that sirtuin-1 levels were lower in individuals with uncon-
trolled glycemia than in those with controlled glycemia and healthy
individuals (Rahimi et al., 2020

Irisin is a novel myokine, peptide secreted by an unknown
protease protein containing a fibronectin Il domain (FNDC5),
which is a membrane protein expressed in ske muscle, heart, liver,
and adipose tissue (Akyuz et al., 2021). Irisin is a proteolytic cleavage
product of FNDCS, whose expression is induced by the coactivator
PP 1 alpha (PGC1-w). Physical activity and exercise induce the
EXpr n of this gene, leading to the release of irisin into the circula-
tion. This process increases energy expenditure and thermogenesis by
increasi e levels of uncoupling protein 1 (UCP1) through the stim-
ulation of peroxisome proliferator-activated receptor (PPAR)-y coac-
tivator (PGC-1a) PPAR-u expression in white adi tissue (Moreno
et al., 2015). Lower levels of irisin were reported in individuals with
type- es compared to without type-2 diabetes (Choi et al.,
2013; Moreno et al., 2015 ting irisin in blood was found to be
associated with IR, as wj age, sex, body mass index (BMI), and
physical activity (Moreno et al., 2015). Taken together, these i
suggest that irisin might improve hyperglycemia by increasingfw:r
expenditure, improving glucose homeostasis, and reducing insulin
resistance.

Central to the pathophysiology of type 2 diabetes is systemic chronic
inflammation, which leads to metabolic dysregulation, insulin resis-
tance, and hyperglycemia (Ellulu and Samouda, 2022; Wu and Ballan-

tyne, 2020). Vitamin D, sirtuin-1, and irisin possess apt-inflammatory
properties; and vitamin D may support the functionspef sirtuip-1 _and
irisin (Safarpour et al., 2020). The interplay of all three has the tial
to mitigate the development of insulin resistance. Additionally, in

D is stored in adipose tissues, the liver, and muscle—where irisin is most
highly expressed. This suggests a potential interplay between irisin and
vitamin D that may enhance energy expenditure and adipose thermo-
genesis, both of which are crucial for maintaining bolic
ho‘E:stasis. aﬁ

In this study, we measured the serum sirtuin-1, irisin, and vitamin D
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levels in Indonesian patients diagnosed with type-2 diabetes and
investigated their associations with common type-2 diabetes risk factors,
such as anthropometry and FBG. Furthermore, we established cutoff
values for sirtuin-1 and irisin specific to type-2 diabetes within the
population. Finally, we assessed the potential of sirtuin-1 and irisin as
biomarkers for predicting uncontrolled glycemia and insulin resistance
‘ﬁtype—z diabetes patients.

2. Material and methods
2.1. Study design and subjects

This is a cross-sectional study with a targeted sampling strategy. Our
study subjects were recruited through a community engagement activity
jth residents of the Mampang Prapatan district in South Jakarta,
esia, between June and November 2022, We enrolled men or
women over 21 years of age who had been diagnosed with type-2 dia-
betes by a doctor and individuals with FBG > 126 mg,/dL without prior
diagnosis of diabetes. Individuals with a history of kidney or liver
dysfunction were excluded. Subjects were enrolled with informed con-
sent. For the enrolled subjects with a history of diabetes, we recorded the
time from their first diagnosis (in months) and the type of ongoing oral
antidiabetic drug (OAD) treatment.
2.2. Sampi data collection

Venous blood samples were taken in the morning after the subjects
had fasted for 10-12 h. The blood was used to measure FBG, HbAlc,
insulin, vitamin D, sirtuin-1, irisin, alanine inotransferase (ALT),
creatinine, and albumin. To exclude patien th liver and kidney
dysfunction, we used cutoff values of ALT =40 U/L, creatinine >1. 7
dL, and albumin < 3.5 g/dL.

Interviews were conducted to obtain, and sex information. Body
weight and height were measured, an was calculated as body
weight (kg) per square meter of height [mz). Subjects with a BMI = 25
]{gf]l'lz were categorized as obese. Waist circumference and hip
circumference were measured in centimeters. We defined central
obesity with cutoff points of 90 cm for waist circumference and 0.8 for
the waisl:Eip ratio (World Health Organization, 2008). We also
measured systolic and diastolic blood pressure (mmHg). Hypertension
determjned on the basis of a systolic blood pressure > 140 mmHg.
35

2.3. Laboratory measurements

HbAlcwas measured with high-performance liquid chromatography
(HPLC), and FBG was measured with the hexokinase enzymatic method.
HbAlc and FBG values were used to differentiate controlled glycemia
(HbAlc < 7 %; FBG < 140 m } from uncontrolled glycemia (HbAlc
= 7 %; FBG = 140 mg;’dL}.ga; (OMA-IR index was calculated as
described in a previous study wil following formula: insulin level
(uIU/mL) = FBG (mg/dL) / 405; individuals with a HOMA-IR value of
>3.75 were categorized as insulin resistant (Kurniawan et al., 2018).
Vitamin D levels were assessed with direct competitive chemilumines-
cent microparticle immunoassay (CMIA). Patients' vitamin D status was
classified as either low if <20 ng/mL or sufficient if =20 ng/mL (Talaci
et al., 2012). Human sirtuin-1 levels were determined with the Invi-
trogen Human SIRT1 ELISA Kit (catalog number EH427RB), and serum
irisin levels were assessed with the Irisin ELISA Kit (BioVendor R&D;
catalog number RAGO18R.). The assessments were performed following
the manufacturers' protocol.

2.4. Statistical_gnalysis
Numerical data were assessed for normality of distribution with the

Shapiro-Wilk test. Owing to their nonnormal distributions, sirtuin-1,
irisin, vitamin D, HbAlc, and HOMA-IR levels are reported as
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medians, and the data ranges are expressed as the first and third infer-
quartile ranges (IQRs). These parameters were compared between
tients with uncontrolled glycemia and insulin-resistant patients with the
Mann-Whitney U (MWU) test. Receiver o ing characteristic (ROC)
curves were generated to evaluate sirtuin-1 irisin levels, as insulin-
resistant patients had high HbAlc levels. The area under the curve
(AUC) and optimal cutoff points for predicting HbAlc using sirtuin-1
and irisin were determined on the basis of the largest sum of sensi-
tivity and specificity. Multivariate relationships between risk factors of
uncontroll emia and insulin resistance were assessed with logistic
regression is, incorporating FBG, vitamin D, sirtuin-1, irisin levels,
age, gender, BMI, waist circ ce, waist-to-hip ratio, systolic blood
pressure, and OAD consum We also applied a bi-directional step-
wise model selection process to determine dﬁ:bination of predictors
for HbA1C and HOMA-IR status, selecting the model with the st
Akaike Information Criterion (AIC) value as the optimal jce. All the
statistical analyses were performed with the Statistical Pﬁge for the
Social Sciences (SPSS) version 20.0 and R version 1.4.1. Statistical sig-
nificance was considered at p < 0.05.

3. Results
3.1. Subject characteristics

Seventy-three out of eighty subjects fulfilled the inclusion and
exclusion criteria. Table 1 describes the distribution of their
Table 1

aphy and clinical characteristics of the studied subjects.

Variables Frequency Percentage (%)
Sex
Male 15 20.5
Female 58 79.5
Age group
61-80 years old 26 35.6
years old 47 64.4
Oty
Obese (BMI > 25 kg/m®) 48 65.8
Nonobese (BMI < 25 kg/m?) 25 34.2
Waist circumference
High {90 cm) 60 B3.6
MNormal (<90 cm) 12 16.4
Waist-to-hip ratio
High {>0.8) 68 593.2
Normal (<0.8) 5 6.8
Systolic blood pressure
Hype jon (=140 mmHg) 46 63.0
No 140 mmHg) 27 370
Fasting blood glucose
igh (=140 mg/dL) 35 47.9
rmal (<140 mg/dL) 38 52.1
Vitamin D
Insufficient (<20 ng/mL) &7 9LB
Sufficient (=20 ng/mL) 6 B.2
HOMA-IR
Insulin resistant (>3.75) B 11.0
Insulin responsive (<3.75) 65 Bo.0
HbAlc
Uncontro lled glycemia (=7 %) 54 74.0
Controlled glycemia (<7 %) 19 26.0
Diabetes duration
<12 months 46 63.0
=13 months 27 370
Antidiabetic rearment
No OAD 28 384
Metformin 39 53.4
Glimepiride 1 1.4
Glibenclamide 3 4.1
Metfromin + piride 2 27

Abbreviations: BMI = body mass index; HOMA-IR = homeostatic model
ent for insuli wce; HbAle = glycosylated hemoglobin, OAD =
oral antidiabetic drug.
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dlamcheristicsmhe time of enrollment. The majority of the subjects
were women, with a male-to-female ratio of 1:4. Nearly 65 % of the
sample was 60 years of age or younger. Obesity was observed in 65.8 %
of the subjects, whereas central obesity was observed in 83.6 % (waist
circumference > 90 cm) and 93.2 % (waist-to-hip ratio = 0.8) of the
jects. Systolic hypertension (140 mmHg) was present in 63 % of the
ﬁects. A total of 47.9 % of the subjects had high FBG (>140 mg/dL).
Vitamin D deficiency (<20 ng/mL) was found in 91.8 % of the subjects.
High HOMA-IR (>3.75) was a minority at 11.0 %, whereas the HbAlc
level was high (=7 %) in most subjects at 74 %. Most subjects were
recently diagnosed with diabetes within the last 12 months (46, 63 %),
while the rest (27, 37 %) had been diagnosed between 13 and 36
months. Participants with a prior diagnosis (45 subjects) had been
treated with OAD, with metformin being the most commonly prescribed,
in line with the country’s standard (53 %). Other reported OADs
included glimepiride (1 subject), glibenclamide (3 subjects), and a
combiﬁmtion therapy of metformin and glimepiride (2 subjects).

3.2, Sirtuin-1 and irisin cutoff values in type-2 diabetes patients

Across 73 subjects, we observed that the median HbAlc level_was
9.1 %, and the IQR was 6.8-11.0 %. The median HOMA-IR valu#s
1.12, and I 0.33-2.09. Serum sirtuin-1 and irisin values had non-
normal dis ions (Shapiro-Wilk test, p < 0.05). Sirtuin-1 levels had
amedian of 0.45 ng/mL and IQR of 0.36-0.56 ng/mL. Irisin levels had a
median of 28 pg/mL and IQR of 17.5-30.0 pg/mL.

We further investigated whether sirtuin-1 and irsin levels are
different in our subjects wi normal HbAlc levels. There was a sig-
nificant difference in sirruiwevels (MWU test, p = 0.050) between
subjects with uncontrolled glycemia (HbAle = 7 %, 54 subjects) and
those with normal glycemia (HbAlc < 7 %, 19 subjects). The median
and IQR of sirtuin-1 levels were 0.39 (0.36-0.52) in patients with
uncontrolled glycemia and 0.55 (0.37-0.62) in patients with
controlled glycemia. In contrast, the irisin levels were not significantly
different (MWU test, p = 0.128). Irisin levels had a median and IQR of
27.9 (15.6-30.0) pg/mL in patients with uncontrolled glycemia, which
is comparable to the range of 28.9 (22.3-30.0) ug/mL reported in pa-
tients with controlled glycemia.

In addition, we investigated whether sirtuin-1 and irisin levels differ
between subjects with insulin resistance. We found no difference in the
circulating levels of sirtuin-1 (MWU test, p = 0.219) or irisin (MWU test,
p = 0.314) between the insulin-resistant group (HOMA-IR > 3.75, 8
subj } and the insulin-responsive group (HOMA-IR < 3.75, 65
sul ).

Compared with the insulin-responsive group, the insulin-resistant
group presented a modestly elevated median and IQR of 0.59
(0.36-0.98) ng/mL, whereas the insulin-responsive group presented
0.44 (0.36-0.55) ng/mL. The median and IQR of irisin concentration
was 21.44 (17.9-26.7) pg/mL in the insulin-resistant group, which is
lower compared to 28.9 (17.2-30.0) pg/mL in the insulin-responsive
group. Owing to the low prevalence of insulin resistance in our data,
we refrained from determining cutoff points for HOMA-IR.

To determine cutoff poingg for sirtuin-1 and irisin for patients with
uncontrolled glycemia, we hﬁr)formed receiver ROC analysis. ROC
analysis of sirtuin-1 revealed an area under the curve of 0.652, with a 95
% confidence interval ranging 0.501-0.893 (Fig. la). These values

suggest that the role gf girtuin-1 in determining uncontrolled glycemia is
weak (between 0.6 .7). The optimal cutoff point for sirtuin-1 levels
in our data w; 49 ng/mL, with a sensitivity of 70.4 % and a specificity

of 63.2 % fo ting uncontrolled glycemia in patients (I'ig. 1b).
Although there was no significant difference in irisin levels between
the uncontrolled and controlled glycemia groups, ROC analysis revealed
an area under the curve value of 0.578, with a 95 % confidence interval
ranging from 0.445 to 0.712 (Fig. 1c). This value indicates that irisin
levels do not play a significant role in determining uncontrolled glyce-
mia. The optimal cutoff point for irisin was 28.385 pg/mL, with a
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sensitivity and specificity of 51.9 % (Fig. 1d). have a 4.07-fold greater risk for uncontrolled glycemic condition, with a
95 % CI between 1.36 and 12.23. On the oth d, we found no as-
3.3. Associations of HbAlc and HOMA-IR with type-2 diabetes risk sociations between HOMA-IR score and risk ors, except for irisin
factors (Table 2). An elevated irisin was significantly associated with a lower
risk for insulin resistance, but the decrease in odds was negligible (0.12

We examined the relationships between various risk factors and times).
uncontrolled glycemia. We found that high FBG, vitamin D deficiency, Significant differences in both HbA1C and HOMA-IR were observed

and low sirtuin-1 levels were associated with a high risk for uncontrolled between subjects who consumed OADs, highlighting the impact of OAD
glycemia (Table 2). As expected, patients with FBG levels above 140 consumption on diabetes phenotypes (Table 2), We further performed
mg/dL have a 30.6 times greater risk than those with lower blood sugar ~ MWU tests to assess if sirtuin-1 and irisin levels were affected by OAD
levels; the association is strongly significant, with a 95 % confidence consumption, but we found no significant difference (all p > 0.05).
interval (95 % CI} between 3.79 and 246.9 times greater. Patients with

vitamin D deficiency had a 6.93-fold greater risk, with a 95 % CI be-

tween 1.16 and 41.6. Patients with low sirtuin-1 levels (<0.49 ng/mL)
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Table 2
HbAle and HOMA-IR associations with sirtuin-1, irisin, and T2DM factors.
Risk factor HbAlc (%) HOMA-IR
=7 =7 P OR 95 % CI =3.75 <375 P OR G5 % ClI
Low High Low High

Sex
Male 11 4 1.000 0.96 027 3.47 1 14 0.956 0.52 0.08 4.59
Female 43 15 7 51

Age group
61-B0-year-old 17 Q 0.214 0.51 018 1.49 2 24 0.809 0.57 0.11 3.05
3 r-old a7 10 ) 41

i
=25 kg,.r‘mz 34 14 0.397 0.61 019 1.94 5 43 1.000 0.85 019 3.80
<25 kg/m* 20 5 3 22

Waist circumference
=90 cm 44 17 0.680 0.52 011 261 7 54 1.000 1.43 0.16 12.78
<80 cm 10 2 1 11

Waist-to-hip ratio
=0.8 50 18 1.000 0.69 007 6.63 8 60 1.000 1.55 0.54 4.42
=0.8 4 1 Lt] 5

Fasting blood glucose
s 40 mg/dL 34 1 <0.001%** 30.60 379 2469 2 36 0.211 0.27 0,05 1.43

40 mg/dL 20 18 (-] 29

Vitamin D levels
<20 ng/mL 52 15 0.073" 6.93 Ll& 41.6 8 59 1.000 LE6 .48 718
=20 ng/mL 2 4 0 1]

Sirtuin-1 levels
<0.49 ng/mL 38 7 0.010* 4.07 L36 12.23 1 18 0.656 0.37 0.04 3.25
=0.49 ng/mL 16 12 7 47

Irisin levels
>2B.375 pg/mL 26 10 0.737 0.840 0.290 2.38 1 35 0.027* 012 0.01 1.05
<2B.375 jg/mL 28 9 7 20

Antidiabetic rearment
No OAD 15 13 0.002%* 018 0.06 0.55 o 28 .02 0.08 0.01 0.65
OAD 39 [ B 37

Em}dds ratio; OAD = oral antidiabetic drug. OR and p-value, obtained from Fisher Exact test for count data, Significant values are marked as " for p < 0.1 (marginal),

*forp < 0.05; ** for p < 0.01, and *** for p < 0.001.

3.4. Predictors of HbAlc and HOMA-IR in type-2 diabetes patients

To further understand the relationship between risk factors in our
, we conducted a multivariate logistic regression analysis incorpo-
ﬁ@ sirtuin-1, irisin, FBG, and vitamin D levels, along with age, sex,
BMI, waist circumference, waist-to-hip ratio, systolic blood pressure,
and OAD consumption. Furtherm we used a bi-directional stepwise
model selection process to identi optimal combination of HbA1C
and HOMA-IR status predictors. The model with the smallest Akaike
Information Criterign { AIC) value was selected as the most suitable.
The result s that sirtuin-1 was positively associated with
HbAIC in both the full model and the optimal model, although the
strength of the association was lower (6.8-fold reduction) than that of
FBG (Table 3). On the other hand, irisin showed a weak and marginal
association with HOMA-IR. HOMA-IR was also linked to OAD con-
sumption, although these relationships were not statistically significant.
Interestingly, we found no significant association between HbA1C and
vitamin D level in the multivariate analysis, despite observing a mar-
ginal correlation in the univariate analysis (Table 2).

4. Discussion

This study investigated key risk factors for predicting uncontrolled
glycemia and insulin resistance in type-2 diabetes patients in Indonesia.
We assessed sirtuin-1, irisin, and vitamin D levels and their relationships
with typical type-2 diabetes risk factors, including anthropometric pa-
rameters, , HbAlc, and the HOMA-IR index. We established specific
cutoff v for sirtuin-1 and irisin and evaluated these markers as
potential glycemic control and insulin resistance predictors in Indone-
sian type-2 diabetes patients.

The use of HbAlc and HOMA-IR for classifying type-2 diabetes

patients has been considered in clinical settings. While a recent sys-
tematic review reported that HbAlc is a reliable marker with high
specificity for type-2 diabetes (Butler et al., 2021), there is a lack of
consensus on the HOMA-IR reference value. Studies have shown that
HOMA-IR values differ by ethnicity, age, and sex. For example, South
Asians, particularly first-generation migrants, exhibit higher HOMA-IR
values than European and African Caribbean populations (Molinari
et al., 2021). Similarly, research indicates that Hispanic populations
have higher HOMA-IR values than Caucasians (Wallace et al., 2004).
The reported HOMA-IR values across different ethnicities were 2.29 for
Caucasians, 3.80 for middle-aged Mexican Americans (Qu et al., 2011},
2.3 for elderly Taiwanese indiyjduals (Cheng et al., 2017), and 3.63 for
middle-aged individuals in ech Republic (Horakova et al., 2019).

We found a low incidence of insulin resistance based on HOMA-IR in
confirmed type-2 diabetes patients despite the use of a cutoff value for
HOMA-IR specific to our studied population and a high incidence of
uncontrolled glycemia (HbAlc over 7 %). The incidence of uncontrolled
glycemia was five times greater than the incidence of insulin resistance.
This finding suggests that the association between HbA1lc and HOMA-IR
is not linear, possibly due to varying manifestations, antidiabetic med-
ications, or confounding factors related to population bias. Furthermore,
the majority of our subjects (61.6 %) had received diabetes medication
prior to enrollm d, therefore, may also have reduced insulin levels,
affecting the bas for HOMA-IR scqring.

Furthermore, we found no signific rrelation between HOMA-IR
and anthropometric risk factors (ie., mass index, waist circum-
ference, and waist-to-hip ratio). There were also no significant associa-
tions between ani metric factors and HbAlc. HOMA-IR has
established associal with obesity, waist circumference, body fat, and
visceral fat (Cheng et al,, 2017; Kurniawan et al., 2018). Saravia et al.
reported a significant difference in HOMA-IR and HbAlc when
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Table 3
Multivariate associations of HbA1C and HOMA-IR with T2DM risk factors.
Covariates 98 C HOMA-IR
19 odel Optimal model Full model Optimal model
beta il beta p beta P beta P
Sirtuin
1: =0.49 ng/mlL 5.38 0.037* 541 0,014 0.18 0.144 0.21 0.105
0: <0.49 ng/miL
Irisin
1: =2B.375 pg/mL 1.36 0.697 - - 0.05 0.065" 0.09 0.049*
0: =2B.375 pg/mL
Fasting blood glucose
140 mg./dL 16.87 0.028* 36.88 0.001%* 1.07 0.959 - -
@140 mg./dL
Vitamin D level
1: =20 ng/mlL ~1.86 0211 - - ~16.56 0.998 - -
0: =20 ng/mL
Age
1: =61 years old o1 0.906 - - ~-0.73 0.636 - -
0: =61 years old
Body mass index
1: =25 ls(‘g,r't’l‘!1 ~0.83 0427 - - 0.47 0.783 - -
0: gl leg/m”*
Wai mference
1:M > 90 em; F > 80 cm 0,94 0.585 - - ~2.69 0.297 = o
O:M <90 cm; F < 80 cm
Waist-to-hip ratio
1; 208 0.21 0.913 - - 14,22 0.998 - -
0: <0.8
Systolic hypertension
1: =140 mmHg 0.17 0.833 - - ~0.09 0,935 - -
0: =140 mmHg
Sex
0: Female 0.15 0.893 - - 1.47 0.38 - -
1: Male
Antidiabetic reatment
Metformin 112 015 - - 18.15 0.995 19.05 0.995
Glimepiride 14.54 0.998 42.03 0.998 41.08 0.998
Glibenclamide 16.74 0.996 ~0.6 1 ~0.38 1
Metformin Glimepiride 15.64 0.957 11 I 1.64 1 0.7 1

Beta and p-value were obtained from logistic regression analysis. Significant values are marked as ™ for p < 0.1 (marginal), * for p < 0.05, and ** for p < 0.01. The
optimum model was selected based on the lowest Akaike Information Criteria in a bi-directional step-wise selection method.

comparing groups with and without metabolic syndrome (Saravia et al.,
2015). Importantly, ajority of our studied subjects were obese
according to the WH ia Pacific standards. Therefore, there were
minimal variations in BMI, waist circumference, body fat, and visceral
fat between the groups in our data.

We also did not find that HOMA-IR was associated with serum FBG or

in D levels. In the univariate analysis, we observed a marginal
association between vitamin D and HbA1C. However, this association
was not significant in the multivariate analysis, which accounted for
other phenotypic risk factors (age, gender, obesity, hypertension) and
diabetes medications as cofactors. A clinical trial previously reported
that Vitamin pplementation reduced HbAlc and increased HOMA-
IR, although the change in HOMA-IR was not significant compared
with that of the placebo (Sgfarpour et al., 2020). Other studies, however,
have reported a negati tamin D correlation with both HbAlc
(Buhary et al _2017; Jha et al., 2020) and insulin resistance (Xu et al.,
2022). Talei @28 reported that vitamin D supplementation led to lower
levels of FBG $SEIHOMA-IR (Talaci et al., 2013). Mirhosseini etal. also
demonstrated that vitamin D supplementati§elimproved FBG, glycemic
control, and insulin resistance in individuals with prediabetes and a high
risk of type-2 diabetes (Mirhosseini et al., 2018), We acknowledge that
the low incidence of insulin resistance in our data might limit the
robustness of the association analyses for HOMA-IR.

We found a strong association between HbAlc and sirtuin-1, Our
data suggest an optimal cutoff value for predicting HbA1c using sirtuin-1
at 0.49 ng/mL, although the effect size, sensitivity, and specificity are
modest. Rahimi et al. also reported significant differences in sirtuin-1

levels among individuals with uncontrolled diabetes, individuals with
controlled diabetes, and healthy controls and reported a negative cor-
relation between sirtuin-1 levels and HbAlc, and also with FBG (Rahimi
et al.,, 2020). Curiously, we no association between the serum
irisin level and the HbAlc le\rzﬁ!ls contradicts the findings of a recent
meta-analysis that revealed a significant difference in irisin levels be-
tween individuals with diabetes and those without diabetes (Song et al.,
2021). Our data does not support the negative correlations between
irisin Jevels and hyperglycemia (Ahmed et al., 2023; Khajebishak et al.,
20250 urthermore, we could not confirm the associations of HOMA-IR
with sirtuin-1 and irisin in type-2 diabetes patients in Indonesia. The
lack of associations may be attributed to the low incidence of insulin
resistance in our study.

Our multivariate logistic regression analysis demonstrated that
sirtuin-1 levels are associated with HbAlc levels, concurrently with FBG.
Although FBG emerged as the strong redictor, with an effect
approximately seven times larger than sirtuin-1, this was ex-
pected. Our model only partially supports the results of Safarpour et al.,
who demonstrated that vitamin D supplementation also improved dia-
betic risk factors, accompani elevated sirtuin-1 and irisin levels
{Safarpour et al., 2020). We end further investigations into the
roles of sirtuin-1 and irisin in ic control, insulin resistance, and
the management of patients with type-2 diabetes.

Our subjects reported using three ty f OADs: metformin, gli-
mepiride, and glibenclamide. Metformin, a biguanide, reduces glucose
production in the liver and enhances insulin sensitivity in muscle and
adipose tissue without stimulating insulin secretion. In contrast,
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glibenclamide and glimepiride, which belong to the sulfonylurea class,
act as insulin secretagogues, stimulating insulin secretion in the
pancreas. Only six subjects (8 %) in this study reported using these
drugs, while the majority used metformin. These OADs were signifi-
cantly associated with both HbA1C levels and HOMA-IR values in the
univariate analyses, but not in the multivariate,

OAD consumption did not significantly impact the association be-
tween sirtuin-1 and HbA1C in this study. However, there is some evi-
dence that the role of sirtuin-1 in glucose control and insulin signaling is
affected by hyperglycemic and insulin-resistant conditions in vitro (Jeon
et al., 2019; Tu et al., 2021). Given that OADs are used to manage hy-
perglycemia and insulin resistance, their impact on these conditions
could potentially influence sirtuin-1 expression and activity, which may,
in turn, affect glucose metabolism and insulin sensitivity. Thus, further
research is needed to unders ow OAD consumption interacts with
sirtuin-1. w

We acknowledge several limitations in this study. The relatively
small le size of type-2 diabetes patients with elevated HOMA-IR
may the robustness of our association analyses for insulin resis-
tance. Lifes ctors, such as physical activity, nutritional status, and
consumptio ther medications, may impact the expression of sirtuin-
1 and irisin. The cross-sectional design restricts our ability to establish
causal relationships between risk rs, glycemic control, and insulin
resistance. The relatively young a our subjects raises the possibility
of atypical diabetes types, such as maturity-onset diabetes of the young
(MODY), which may have different clinical manifestations from typical
type-2 diabetes. Lastly, considering the influence of environmental and
genetic factors in the complex pathophysiology of type-2 diabetes, our
findings—based on a specific community in Indonesia—should be
validated in other populations.

5. Conclusion

Ours contributes valuable insights into potential predictors and
bioma rkﬁr managing type-2 diabetes. We evaluated the associations
between glycemic control, insulin resistance, and several risk factors ip
patients with type-2 diabetes. Among these factors, sirtuin-1 has a siget
nificant association with uncontrolled glycemia, along with FBG, in
type-2 diabetes patients. On the other hand, vitamin D and irisin were
not strongly associated with either glycemic congrpl or insulin resis-
tance. Further multicenter studies with larger coholil§ are recommended
to gain a more comprehensive understand@s¥ of the role of sirtuin-1,
irisin, and vitamin D in glycemic control, insulin resistance, and the
pathogenesis of type-2 diabetes in Indonesia. Although the predictive
roles of sirtuin-1 and irisin for diabetic phenotypes appear modest in our
study and may not yet support their use in current clinical practice, we
believe these biomarkers warrant further investigation as potential tools
for diabetes sub-classification, as assessment markers for treatment
effectiveness, and as new therapeutic targets.
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Glossary

Anthropometry: the measurement of the size, shape, and composition of the human body.

Glycemia: the concentration of glucose in the blood. Controlled glycemia refers to main-
taining blood glucose levels within a target range to avoid complications associated
with diabetes.

Insulin resistance: a condition where the body's cells become less responsive to insulin,
leading to elevated blood glucose levels.
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