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The dramatic increase in obesity and diabetes worldwide
poses a huge socioeconomic burden to healthcare systems.
In type 1 diabetes, autoimmune-mediated destruction of pan-
creatic beta-cell results in insulin deficiency [1]. Obesity is
one of the major causes of type 2 diabetes [1–3]. In type
2 diabetes, a combination of peripheral insulin resistance
and aberrant production of insulin are amongst the paradox
commonly encountered in the pathogenesis of the disease [1–
3]. However, both forms of diabetes are characterized by ele-
vated inflammation/oxidative stress, glucotoxicity, lipotox-
icity, endoplasmic reticulum-induced stress with increased
apoptosis and necrosis that ultimately leads to destruc-
tion loss of beta cells, and related complications including
cardiomyopathy, nephropathy, neuropathy, and hepatopathy
[1, 4–7]. Although insulin resistance has traditionally been
associated with type 2 diabetes, recent evidence suggests
that insulin resistance in type 1 diabetes is increasing [8–10];
therefore, novel mechanistic approaches deciphering insulin
resistance are needed.

The etiology of insulin resistance is complicated and sev-
eral factors are implicated, so deciphering this multifaceted
disease remains challenging, although a wide body of evi-
dence suggests that oxidative stress, inflammation, genetic,
habitual, environmental, and epigenetic factors may be in-
volved [1, 11]. Thus, further research is needed for more in-
depth and comprehensive understanding of the pathophysi-
ology of insulin resistance in both type 1 and type 2 diabetes,
and especially in situations where diabetes is comorbid with
other chronic conditions such as obesity and hypertension.

This special issue will showcase a broad spectrum
research and review papers addressing thematic problems
associated with insulin resistance, type 1 diabetes, type 2
diabetes, and related complications. To underscore the role of
insulin resistance in children, M. P. van der Aa et al. wrote a
research article on the prevalence and incidence of childhood
insulin resistance, while S.-H. Nam and coworkers investi-
gated the effects of cardioankle vascular index on metabolic
syndrome, amultifactorial condition characterized by insulin
resistance, dyslipidemia, hyperglycemia, hypertension, and
other factors. Similarly, R. Burrows et al. gave further insights
for diagnosing metabolic syndrome in adolescents in a
research article. In another related research article, M. Fabre-
gat et al. investigated the genetic profile of human leukocyte
antigen (HLA) alleles and non-HLA in type 2 diabetes,
while P. Tiwari wrote a systematic review about the current
therapeutic strategies for the management of diabetes. Given
that diabetes and hypertension are characterized by elevated
inflammation/oxidative stress [4, 12–14] and these two patho-
physiological driving forces are implicated in many cardiac
complications [4, 12–14], J. Klen et al. investigated the role
of NLRP3 inflammasome polymorphism in type 2 diabetes,
shedding novel insights on the role of NLRP3 polymorphism
on myocardial infarction, a macrovascular complication of
diabetes. Similarly, H. Al-Safar et al. investigated the role
of genetic polymorphisms on transcription-factor-7-like 2
and peroxisome proliferator-activated receptors-𝛾2 in type 2
diabetes and obesity, while M. Guclu et al. wrote a research
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article about the effects of combination therapy with rosigli-
tazone and insulin on inflammatory insults in patients with
type 1 diabetes. In another related research article, Z. Yida
et al. reported that cotreatment with the cholesterol lowering
drug simvastatin and edible bird’s nest (EBN), a traditional
product commonly consumed in Asia for its nutritional
value, improved insulin signaling in a rat model of high-
fat diet-induced insulin resistance. Consistently, in another
related study, A. Ferreira-Hermosillo et al. gave further
insights on the role of inflammatory cytokines in patients
with metabolic syndrome. Within the same theme of insulin
resistance andmetabolic syndrome, R. Adela and S. K. Baner-
jee wrote a review article to underscore the role of growth-
differentiation-factor-15 in diabetes and related cardiovascu-
lar diseases, whereas J. Zhang et al. gave further insights on
obesity and type 2 diabetes in a research article. By the same
token, T.-Y. Chuang et al. reported the effects of microRNA-
223 on insulin resistance by studying the adipose tissue.
Finally, S. Riaz wrote an article giving novel insights on the
role of Vitamin B1 on biomarkers of diabetes type 2 diabetes.

Collectively, the articles featured in this special issue cover
awide spectrumof thematic issues of great interest andwould
benefit a wide audience.

Joseph Fomusi Ndisang
Sharad Rastogi

Alfredo Vannacci
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Objective.To determine the optimal cutoff of the homeostasis model assessment-insulin resistance (HOMA-IR) for diagnosis of the
metabolic syndrome (MetS) in adolescents and examine whether insulin resistance (IR), determined by this method, was related to
genetic, biological, and environmental factors.Methods. In 667 adolescents (16.8± 0.3 y), BMI,waist circumference, glucose, insulin,
adiponectin, diet, and physical activity were measured. Fat and fat-free mass were assessed by dual-energy X-ray absorptiometry.
Family history of type 2 diabetes (FHDM) was reported. We determined the optimal cutoff of HOMA-IR to diagnose MetS (IDF
criteria) using ROC analysis. IR was defined asHOMA-IR values above the cutoff.We tested the influence of genetic, biological, and
environmental factors on IR using logistic regression analyses. Results. Of the participants, 16% were obese and 9.4 % met criteria
for MetS. The optimal cutoff for MetS diagnosis was a HOMA-IR value of 2.6. Based on this value, 16.3% of participants had IR.
Adolescents with IR had a significantly higher prevalence of obesity, abdominal obesity, fasting hyperglycemia, andMetS compared
to those who were not IR. FHDM, sarcopenia, obesity, and low adiponectin significantly increased the risk of IR. Conclusions. In
adolescents, HOMA-IR ≥ 2.6 was associated with greater cardiometabolic risk.

1. Introduction

Insulin resistance (IR) is the most common metabolic alter-
ation related to obesity and represents an important link
between obesity and other metabolic and cardiovascular
complications related to oxidative stress and inflammation
[1]. IR is acknowledged to be critical in the development of
type 2 diabetes (T2D) and has been associated with obesity,
metabolic syndrome (MetS), hypertension, and ischemic
cardiovascular disease [1, 2]. Although impaired beta-cell
function is ultimately responsible for T2D, IR precedes beta-
cell dysfunction and, thus, plays amajor role in the pathogen-
esis of this chronic disease [2]. Insulin resistance has become a
serious health issue in the pediatric and adolescent age group
[3]. In children and adolescents, IR is significantly related
to obesity, cardiometabolic risk, and inflammation [3–6].
Family history of type 2 diabetes (FHDM), ethnicity, pre- and

postnatal nutritional environment, obesity, puberty, diet, and
sedentary lifestyle can all influence insulin sensitivity in the
pediatric population [4].

In many developing countries, the nutritional transi-
tion and particularly the “westernization” of life-styles have
caused a significant rise in obesity and comorbidities associ-
ated with IR, including T2D and ischemic cardiovascular dis-
ease [7–9]. Chile is a middle income country that underwent
a profound shift fromunder- to overnutrition in less than two
decades. Western dietary patterns and inactive lifestyles are
widely spread in all age groups, especially among people from
middle-low and low to middle socioeconomic status (SES)
[10, 11]. The prevalence of obesity in Chilean children and
adolescents more than tripled (5% to 17%), since the early
1990s [12, 13]. In a study of obese children and adolescents,
53% and 30%had IR andMetS, respectively [14]. According to
evidence from another sample of obese Chilean adolescents,
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insulin resistance was associated with higher risk of Mets
[15].

Although hyperinsulinemic–euglycemic clamp is the
gold standard method for assessment of insulin sensitivity,
it is expensive and invasive. Alternative methods based on
surrogate markers derived from fasting insulin and glucose,
such as the homeostasis model assessment-insulin resistance
(HOMA-IR), have been validated and proposed [16, 17].
HOMA-IR values ≥ 2.5 indicate IR in adults [17], but the
corresponding cutoff value for children and adolescents has
not been determined [4]. In many studies, IR diagnosis is
based on HOMA-IR distribution in a reference population
[15, 18]. MetS in pediatric population has been considered
for defining the HOMA-IR cutoff point for IR diagnosis, in
several contexts around the world [19, 20].

This research aims to determine the optimal cutoff value
of HOMA-IR for MetS diagnosis in healthy adolescents, to
examine whether IR assessed by using this cutoff value is
related to anthropometric, metabolic, and cardiovascular risk
profile, and to evaluate the association of IR with genetic,
biological, and environmental factors.

2. Methods and Procedures

2.1. Study Design and Population. We studied 667 16- to 17-
year-old adolescents living in urban Santiago, from low to
middle SES neighborhoods, who were part of an iron defi-
ciency anemia preventive trial and follow-up study beginning
in infancy [21].The participants were assessed in adolescence
to understand biological and psychosocial determinants of
adolescent obesity and cardiovascular risk. The study was
approved by the institutional review boards of the University
of Michigan, Institute of Nutrition and Food Technology
(University of Chile), and the University of California San
Diego. Participants and their primary caregiver provided
informed andwritten consent, which was obtained according
to the norms for Human Experimentation, Code of Ethics
of the World Medical Association (Declaration of Helsinki,
1995).

2.2. Measurements

2.2.1. Anthropometry and Body Composition. A research phy-
sician used standardized procedures to measure the ado-
lescent’s height (cm) to the nearest 0.1 cm, using a Holtain
stadiometer and weight (kg) to the nearest 0.1 kg using a Seca
scale. Body mass index (BMI) (Kg/m2) was calculated and
obesity status was calculated according to WHO references.
Measurements were taken twice, with a third measurement,
if the difference between the first two exceeded 0.3 Kg
for weight and 0.5 cm for height. Waist circumference was
measured with nonelastic flexible tape at the high point of
the iliac crest around the abdomen and recorded to 0.1 cm.
Measurements were taken twice, with a third measurement,
if the difference between the first two exceeded 1.0 cms. Dual-
energy X-ray absorptiometry (DEXA) was used to measure
fat mass (%) and fat-free mass (%). Fat-Free Mass Index
(FFMI) was estimated according to Wells and Fewtrell [22].

FFMI values were expressed as percentage of BMI; values ≤
25th percentile in our sample were considered sarcopenia,
after adjusting for sex.

2.2.2. Additional Cardiovascular Risk Markers. After 15 min-
utes at rest and prior to the physical examination, systolic
and diastolic blood pressures (SBP and DBP) were measured,
three times on the nondominant arm using a standard
mercury sphygmomanometer; the average value was used
for analyses. Fasting serum total glucose (Gli), cholesterol,
triglycerides (TG), high-density lipoprotein (HDL), insulin,
adiponectin, and high sensitivity C-reactive protein (hs-
CRP) levels were performed after a 12-hour overnight fast.
Radioimmunoassay (RIA DCP Diagnostic Products Cor-
poration, LA, USA) was used for insulin and adiponectin
determinations. High sensitivity C-reactive protein (hs-CRP)
was measured with a sensitive latex-based immunoassay
(latex-enhanced nephelometry method). Glucose was mea-
sured with enzymatic-colorimetric test (QCA S.A. Amposta,
Spain) and cholesterol profile (Col-HDL and TGmg/dL) was
determined by analytical methodology dry (Vitros, Johnson
& Johnson, Clinical Diagnostics Inc.). Values of hs-CRP ≥
1.1mg/L (75th percentile in our sample) were considered low-
grade systemic inflammation and adiponectin ≤ 7.9 𝜇g/mL
(25th percentile in our sample) was considered to be low.
HOMA-IR was calculated and the optimal cutoff value of
HOMA-IR to diagnose MetS was determined with receiver
operating characteristic (ROC) regression methodology [23]
and used for the diagnosis of IR. CVRF and MetS were diag-
nosed based on the 2007 International Diabetes Federation
(IDF) consensus statement on the clinical definition of the
MetS in the pediatric age range.These criteria include central
obesity plus 2 of the 4 following factors: abdominal obesity
(WC ≥ 80 and 90 cm in females and males, resp.), high blood
pressure (SBP ≥ 130, DBP ≥ 85), hypertriglyceridemia (TG
≥ 150mg/dL), low HDL (≤50 and ≤40mg/dL in female and
male adolescents, resp.) and fasting hyperglycemia (Gli ≥
100mg/dL) [24].

2.2.3. Diet and Physical Activity. Food intake and physical
activity (PA) habits were evaluated using validated and
standardized self-report questionnaires, scored from 0 to
10, with higher scores denoting more nutritious food intake
or more physical activity [25, 26]. The questionnaires were
administered by a researcher during the half-day assessment.
The quality of food intake was measured by the amount of
saturated fat, fiber, sugars, and salt in the food items. We
applied cutoffs established by Burrows et al. [25] to classify
the eating habits of participants into three groups: unhealthy
(scores ≤ 25th percentile), intermediate (scores 26th to 74th
percentile), and healthy (scores ≥ 75th percentile). PA was
measured by the total amount of time devoted to sedentary
activities, recreational games, active commuting, and weekly
scheduled exercise either school or nonschool organized.
Participants with scores ≤ 25th percentile were considered
as physically inactive, those with scores ≥ 75th percentile
were physically active, and those in between were moderately
active.
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2.2.4. Family History of Type 2 Diabetes. A standardized
questionnaire of FHDM, including first- and second-degree
relatives, was answered by the participant’s primary caregiver
(father, mother, or grandparents). Reporting FHDM in at
least one parent or grandparent was required to fit our
definition of positive FHDM.

2.3. Statistical Analysis. Data were analyzed using Stata for
Windows version 12.0 (Lakeway Drive College Station, TX,
US). A 𝑃 value of <0.05 denoted statistical significance.
Statistical analysis included chi-square tests for categorical
variables and Student’s 𝑡-test for comparison of mean val-
ues of anthropometric and cardiometabolic variables. ROC
analysis was used to find the optimal cutoff of HOMA-
IR for diagnosis of IR. Bivariate analyses were used to test
the association between obesity, sarcopenia, unhealthy food
intake, physical inactivity, and FHDM and the outcome, IR.
We used multiple logistic regressions to assess the influence
of the variables significantly associated with IR. We excluded
data on participants who reported unknown information
in at least one parent or grandparent (𝑛 = 125). Four
modelswere estimated.Thefirst one included FHDMand low
PA as independent variables. In the second model, obesity
was added. The third model included sarcopenia. Finally,
a full adjusted model contained all mentioned covariates
with the addition of low adiponectin. The likelihood ratio
test was performed to test the overall significance of all
coefficients in the multiple adjusted models, whereas the
Hosmer-Lemeshow goodness-of-fit test was used to evaluate
their effectiveness in predicting the outcome of IR.

3. Results and Discussion

3.1. Results

3.1.1. Patients’ Characteristics. Our sample was made up of
52.2% male and 47.8% female adolescents who were on
average 16.8 (SD 0.3) years old.The prevalence of obesity was
16.2% whereas 9.4% of participants met criteria for MetS.

3.1.2. Optimal Cutoff Point for the Diagnosis of Insulin Resis-
tance. A HOMA-IR value of 2.6 showed the best sensitivity
(59%) and specificity (87%) for diagnosingMetS (AUC: 0.821;
correctly classified: 87%; LR+: 4.5) (Figure 1). According to
this optimal cutoff point, 16.3% of adolescents in the sample
had IR.

As shown in Table 1, adolescents with IR (HOMA-IR ≥
2.6) had significantly higher (𝑃 < 0.001) BMI 𝑧 score, WC,
fat mass (%), systolic and diastolic BAP, total cholesterol,
LDL-chol, triglyceride, glucose, and insulin, as well as sig-
nificantly lower mean values of lean mass (%), HDL-chol,
and adiponectin compared to adolescents with HOMA-IR <
2.6. Obesity (40.4% versus 9.3%; 𝑃 < 0.001) and physical
inactivity (51.4% versus 37.4; 𝑃 = 0.006) were significantly
higher among participants with IR compared to the insulin
sensitive group. Similarly, adolescents with IR (Figure 2)
show a significantly higher prevalence of abdominal obesity
(61.5% versus 27.8%; 𝑃 < 0.001), high blood pressure (18.4%
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Figure 1: ROC curve to determine the optimal cutoff value of
HOMA-IR for MetS diagnosis in healthy adolescents.
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Figure 2: Prevalence rates of cardiovascular and metabolic risk
factors by HOMA-IR. Error bars are 95% CI. Statistical significant
difference by Pearson’s Chi2. Significance level: ∗𝑃 < 0.05; ∗∗𝑃 <
0.01; ∗∗∗𝑃 <0.001.

versus 4.8%; 𝑃 < 0.001), fasting hyperglycemia (19.3% versus
6.6%; 𝑃 < 0.001), hypertriglyceridemia (20.4% versus 5.6%;
𝑃 < 0.001), and MetS (33.0% versus 4.8%; 𝑃 < 0.001).

3.1.3. Association of IR with Genetic, Biological, and Environ-
mental Factors. Table 2 contains the results of the bivariate
analysis that was used to identify explanatory variables of IR
in adolescents.We found a significant association between IR
and obesity (OR: 6.6; 95% CI: 4.1–10.6), sarcopenia (OR: 4.9;
95% CI: 3.2–7.5), low adiponectin (OR: 2.5; 95% CI: 1.6–4.0),
physical inactivity (OR: 1.8; 95%CI: 1.2–2.7), andFHDM(OR:
1.7; 95% CI: 1.1–2.9).

Table 3 shows the results of the multivariate logis-
tic regression analyses assessing the relationship between
genetic, biological, and environmental variables significantly
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Table 1: Background characteristics of adolescents in the sample by insulin sensitivity (𝑛 = 667).

HOMA-IR < 2.6
(𝑛 = 558)

HOMA-IR ≥ 2.6
(𝑛 = 109) Total sample 𝑃 valuec

Age (years) 16.8 ± 0.3a 16.9 ± 0.2 16.8 ± 0.3 n.s.
Anthropometrics

BMI (𝑧 score) 0.48 ± 1.1 1.53 ± 1.2 0.65 ± 1.2 <0.001
WC (cm) 79.4 ± 9.9 90.4 ± 14.3 81.2 ± 11.4 <0.001
Lean Mass (%) 68.7 ± 11.4 62.0 ± 9.4 67.6 ± 11.1 <0.001
Fat mass (%) 27.9 ± 10.7 34.7 ± 9.4 29.0 ± 10.8 <0.001
BMI 𝑧 ≥ 2 SD 52 (9.3)b 44 (40.4) 96 (14.4) <0.001d

CVM profile
SBP (mmHg) 111.1 ± 10.2 118.3 ± 10.7 112.2 ± 10.6 <0.001
DBP (mmHg) 68.7 ± 7.0 72.1 ± 6.5 69.3 ± 7.0 <0.001
TG (mg/dL) 82.5 ± 45.5 118.2 ± 71.6 88.3 ± 50.1 <0.001
HDL-chol (mg/dL) 40.8 ± 10.6 36.6 ± 10.2 40.1 ± 10.6 <0.001
Glucose (mg/dL) 87.4 ± 8.8 94.2 ± 10.8 88.6 ± 9.5 <0.001
Insulin (𝜇IU/dL) 6.3 ± 2.5 17.5 ± 7.0 8.1 ± 5.5 <0.001
hs-CRP (mg/L) 0.95 ± 1.9 1.10 ± 1.6 0.98 ± 1.9 n.s.
Adiponectin (𝜇g/mL) 12.3 ± 5.5 9.2 ± 5.1 11.8 ± 5.5 <0.001

Lifestyles habits
Unhealthy eating 139 (24.9) 20 (18.4) 159 (23.8) n.s.
Physical inactivity 209 (37.4) 56 (51.4) 265 (39.7) 0.006d

aMean ± S.D; b𝑛 (%); cStudent’s 𝑡-test, except as indicated. dChi2 (Pearson).

Table 2: Association between IR and sex, obesity, sarcopenia, low adiponectin, life-style habits, and HFDM2 in adolescents (𝑛 = 667).

Subjects with insulin resistance (HOMA-IR ≥ 2.6) Crude ORa

𝑛 %
Overall 109 16.32
Obesity

No 65 11.4 Ref. group
Yes 44 45.8 6.60 [4.09–10.6]∗∗∗

Sarcopenia
No 50 10.8 Ref. group
Yes 59 35.1 4.87 [3.17–7.50]∗∗∗

Low adiponectin
No 74 13.6 Ref. group
Yes 35 28.5 2.53 [1.59–4.01]∗∗∗

Physical inactivity
No 53 13.2 Ref. group
Yes 56 21.1 1.77 [1.17–2.67]∗∗∗

Unhealthy food intake
No 89 17.5 Ref. group
Yes 20 12.6 0.68 [0.40–1.14]∗∗∗

Family history T2Db

No 23 11.7 Ref. group
Yes 74 18.8 1.73 [1.10–2.88]∗∗∗

aStatistical significance: ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001; obesity: BMI 𝑧-score≥2 SD; sarcopenia:%FFMI≤25th percentile; low adiponectin: adiponectin
≤7.9𝜇g/mL; physical inactivity: PA score ≤3; unhealthy food intake: eating test score ≤4.4; FHDMb:family history of type 2 diabetes in at least one first-degree
relative (𝑛 = 590).
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Table 3: Influence of FHDM, physical inactivity, sarcopenia, obesity, and low adiponectin over the risk of insulin resistance (𝑛 = 590).

Model 1 Model 2 Model 3 Model 4
OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

FHDM 1.74 [1.10–2.88]∗ 1.74 [1.10–2.94]∗ 1.72 [1.10–2.92]∗ 1.80 [1.10–3.08]∗

Physical inactivity 1.77 [1.14–2.75]∗ 1.49 [0.94–2.37] 1.42 [0.89–2.26] 1.45 [0.90–2.34]
Sarcopenia (⋅ ⋅ ⋅ ) 4.25 [2.67–6.75]∗∗∗ 2.27 [1.25–4.12]∗∗ 2.56 [1.21–4.07]∗∗

Obesity (⋅ ⋅ ⋅ ) (⋅ ⋅ ⋅ ) 3.25 [1.71–6.19]∗∗∗ 2.92 [1.51–5.66]∗∗

Low adiponectin (⋅ ⋅ ⋅ ) (⋅ ⋅ ⋅ ) (⋅ ⋅ ⋅ ) 2.22 [1.30–3.77]∗∗

Likelihood ratio (Chi2) 11.46∗∗ 48.5∗∗∗ 61.6∗∗∗ 69.8∗∗∗

Hosmer-Lemeshow <0.001 (0.99) 0.39 (0.99) 0.18 (0.99) 1.21 (0.98)
Correctly classified 83.6% 83.6% 84.2% 84.6%
OR [95% CI]: odd ratio [95% confidence interval]. Statistical significance: ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. [⋅ ⋅ ⋅ ]: nonobserved. OR [95% CI]: odd ratio
[95% confidence interval]. FHDM: family history of type 2 diabetes in at least one first-degree relative. Obesity: BMI 𝑧 score ≥2 SD; sarcopenia: FFMI ≤25th
percentile; physical inactivity: PA score ≤3; low adiponectin: adiponectin ≤7.9𝜇g/mL.

associated in the bivariate analyses with the outcome, IR.
Those with physical inactivity had significantly higher odds
of IR in Model 1. However, the association was lost when
sarcopenia, obesity, and low adiponectin were entered in the
regression equation. In a fully adjusted model, FHDM (OR:
1.79; 95% CI: 1.1–3.1), sarcopenia (OR: 1.9; 95% CI: 1.1–3.6),
obesity (OR: 2.4; 95% CI: 1.2–4.9), and low adiponectin (OR:
2.3; 95% CI: 1.3–3.8) significantly increased the risk of IR.

3.2. Discussion. In this cohort of healthy Chilean adolescents
of low to middle SES, the optimal cutoff point of HOMA-
IR for IDF MetS diagnosis was 2.6 (sensitivity: 59% and
specificity: 87%). Adolescents withHOMA-IR ≥ 2.6 showed a
significantly higher prevalence of obesity (40.4%), abdominal
obesity (61.5%), hypertriglyceridemia (20.4%), high blood
pressure (18.4%), fasting hyperglycemia (19.3%), and MetS
(33.0%). Thus, HOMA-IR of 2.6 or higher would find young
individuals with greater biological risk.

In adolescents, HOMA-IR values ranging from 2.2 to
5.3 have been reported as cutoff for diagnosing MetS, but
these studies vary greatly in their design, sample size, age
and nutritional status of participants, and degree of pubertal
development [14, 15, 19, 20, 27–29]. Our findings are similar
to population-based studies in a number of other contexts
[20, 28]. In Chinese children aged 6 to 18 years, 2.6 was the
optimal cutoff point of HOMA-IR forMetS ATP III diagnosis
[20]. In urban adolescents from India, aged 10 to 18 years,
HOMA-IR value of 2.5 had the optimal sensitivity (>70%)
and specificity (>60%) for MetS ATP III and IDF diagnosis
[28].This cutoff was most likely to detect MetS in adolescents
from different BMI categories [28]. Other clinical studies also
agree with our finding. In prepubertal overweight Brazilian
children, HOMA-IR value of 2.5 showed optimal sensitivity
(61%) and specificity (74%) for MetS diagnosis [30].

In this sample, FHDM, obesity, sarcopenia, and low
adiponectin were all independently associated with a sig-
nificant increased risk of IR. All these factors have been
recognized as important determinants of IR and TD2 in
pediatric populations [3, 4, 31–37]. In studies of twins, 50% of
the variance in insulin sensitivity and secretionwas attributed
to genetic factors [31]. Furthermore, healthy children with

FHDM were more likely than those without to be insulin
resistant, with an impaired balance between insulin sensitiv-
ity and secretion [32].Moreover, obesity is themost prevalent
pathophysiological determinant of IR, whereas insulin sensi-
tivity is inversely associated with BMI and percent body fat
in child and adolescent populations [33]. Similarly, muscular
strength has been identified as an independent and powerful
predictor of better insulin sensitivity and, conversely, lower
muscular strength and higher central adiposity are highly
predictive of higher levels of IR in healthy children and ado-
lescent [34].Moreover, there is growing evidence that exercise
exerts beneficial effects partly through alterations in the
adipokine profile; that is, exercise increases secretion of anti-
inflammatory adipokines, improvesmetabolic syndrome and
insulin sensitivity, and reduces proinflammatory cytokines
[35]. Finally, in children, adiponectin levels are lowered with
MetS and obesity and inversely related to IR [36]. In both
liver and skeletal muscle, adiponectin reduces triglyceride
content and improves insulin signaling by increasing the gene
expression involved in fatty acid oxidation and decreases the
hepatic glucose production by inhibiting the expression of
hepatic gluconeogenic enzymes [37]. Although IR has been
shown to be linked with a chronic inflammatory state, we did
not find significantly lower levels of hs CRP in adolescents
with HOMA-IR < 2.6. However, it is important to emphasize
that the observed levels of hs CRP in this sample overall
were higher than those reported by others using adolescent
participants as well as the same measurement methodology
[38, 39]. Psychological factors related to stress, a diet high
in saturated fat and refined sugars, and physical inactivity
may be determinants of a systemic chronic inflammatory
state [40–42].These factors are usuallymore prevalent among
low-SES groups [43, 44], and they all have been observed in
this cohort. Whereas only 7.5% (95% CI: 5.5–9.5) of partic-
ipants had healthy dietary habits, 19.3% (95% CI: 16.3–22.3)
were considered to be physically active (data not shown),
according to national references [16]. Similarly, results from
a previous work suggest that adolescents, in our cohort, are
exposed to a stressful environment [45].

This research has limitations that should be consid-
ered when interpreting its results. One limitation is that
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we estimated sarcopenia from DEXA scans and calculated
fat-free mass rather than a more direct method of assessing
muscle mass [46]. Nonetheless, this methodology has better
sensitivity for estimating the ratio between muscle and fat
tissue compared to BMI [22, 47]. Another limitation is that
our sample is not representative of the Chilean adolescent
population. Our sample is composed of adolescents from low
tomiddle SES living in urban Santiago.However, our findings
may be equally relevant for a number of reasons. According
to the Chilean National Health Survey, the prevalence of
obesity, TD2, and CVD is significantly higher among low
to middle SES individuals [48]. On the other hand, low to
middle SES Chilean adolescents are highly exposed to insulin
resistance risk factors including obesity, physical inactivity,
low fitness, and processed food full of fat and sugar [10, 12,
25, 49–52]. Our study also makes an important contribution
in confirming that obesity, sarcopenia, and FHDM might be
considered relevant risk factors for IR in adolescents.

4. Conclusions

This research provides results that confirm that in adolescents
a value of HOMA-IR ≥ 2.6 is associated with greater car-
diovascular and metabolic risk [20, 28, 30]. We recommend
this cutoff for diagnosis of IR in clinical practice. Adolescents
with IR show a significantly higher prevalence of obesity,
abdominal obesity, fasting hyperglycemia, and HFDM. In
Chilean adult populations, fasting hyperglycemia, obesity,
and self-reported FHDM were the best predictors of T2DM
[53]. Obesity, sarcopenia, and FHDM might be considered
relevant risk factors for insulin resistance. Our findings
highlight the need for robust public policies and programs to
reduce the risk for obesity and associated conditions in youth.
For families with a history of diabetes mellitus, pediatricians
should strongly counsel the youths and their parents to
engage in healthy nutritional and physical activity practices
in order to prevent the onset of early cardiometabolic risk.
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Background. Transcription factor 7-like 2 gene (TCF7L2) and peroxisome proliferator-activated receptors-𝛾2 (PPAR-𝛾2) have a
profound effect on the incidence of type 2 diabetesmellitus (T2DM) and had previously been found to be associatedwith T2DMrisk
in various ppopulations. However, studies in theArab population are inconsistent.We conducted a case control study to confirm the
association of variants rs10885409 of TCF7L2 and Pro12Ala (rs1801282) of PPAR-𝛾2with risk of T2DM and related complications in
Emirati population of Arab origin.We also investigated the interaction of these associations with obesity status.Methods. DNAwas
extracted from the saliva samples of 272 T2DM patients and 216 nondiabetic Emiratis. Genotyping for rs10885409 (TCF7L2) and
rs1801282 (PPAR-𝛾2 P12A) variants was accomplished with a TaqMan assay. The subgroups were constituted according to obesity
status. Results. In the nonobese group, the rs10885409 C allele in the recessive model was significantly associated with the incidence
of T2DM (OR 1.975 [95% CI 1.127–3.461], 𝑃 = 0.017), but this association was not observed in the obese group or when BMI
was not considered. PPAR-𝛾2 risk allele Pro12 frequency (0.96) was similar in the groups tested and more than 90% population
was homozygous for this allele. Conclusions. Our case-control study is the first of its kind in Emiratis which establishes TCF7L2
rs10885409 C allele as a T2DM risk factor in Emiratis and this association is modulated by obesity status. We also confirmed that
Pro12Ala mutation in PPAR-𝛾2 is not associated with T2DM risk in this population.

1. Introduction

Insulin resistance in muscle and liver and 𝛽-cell failure
represent the core pathophysiologic defects in type 2 diabetes
mellitus (T2DM) [1]. Most patients with T2DM also develop
serious complications because of chronic hyperglycemia,
such as nephropathy, retinopathy, neuropathy, and cardiovas-
cular diseases, like coronary artery disease, cerebrovascular,
and peripheral vascular disease. T2DM involves a complex
interaction between genetic variants and the environment,
with obesity being a primary risk factor [2]. The correlations

between body fat and insulin resistance have been very
well established [3], and the associations between genetic
polymorphisms and T2DM were demonstrated to be reliant
on obesity status [4]. Evidence from various studies has
shown that genetic susceptibility to T2DM is polygenic [5,
6], and Genome Wide Association Studies (GWAS) have
reported more than 20 genetic loci associated with the risk of
T2DM [7, 8]. The single nucleotide polymorphisms (SNPs)
in some of these genes have only a small effect on the
disease status, but few, like those at the transcription factor 7-
like 2 gene (TCF7L2) and proliferator-activated receptors-𝛾2
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(PPAR-𝛾2) have a profound effect on the T2DM prevalence,
as has previously been reported in large scale studies ormeta-
analyses conducted in various populations and ethnic groups
[9–11].

TCF7L2 variant rs7903146 a C-to-T (genomic position:
114748339) substitution in intron 3 and PPAR-𝛾2 Pro12Ala
have beenmost extensively studied in all major ethnic groups
and were found to be more consistently associated with the
risk of developing T2DM in most of populations, such as
Asians, Africans, and Caucasians [12, 13]. These associations
were also observed inmost of the Arab populations ofMENA
region like Tunisians, Lebanese, [14–18], Iranian [19, 20], and
North Africans [21]. Although these polymorphisms were
established as risk factor for T2DM inmost of the populations
studied so far, however, some of the studied polymorphisms
seem not to be a major contributor to T2DM susceptibility
in the Saudi and Emirati Arab populations [22–24]. There
is considerable inter-population variation in the frequency
of the risk allele (Pro12) which ranges from a high of 0.96–
0.98 in populations including the Japanese, Chinese, and
African Americans to 0.91 in Pima Indians and a low of
0.81 in the Finnish population [25]. TCF7L2 is an important
regulator of the proglucagon gene, which encodes GLP-1 and
is believed to play a role in glucose metabolism. Evidence
also suggests that this transcription factor itself is critical
for beta cell proliferation, antiapoptotic activity, and insulin
secretion [26, 27]. GWAS also identified the TCF7L2 genes
to be associated with T2DM risk [28]. Moreover, in some
studies the associations of SNPs in PPAR-𝛾2 and TCF7L2
have previously been shown to be modulated by obesity
status [4]. PPAR-𝛾2 Pro12Ala polymorphism was foundmore
associated with T2DM susceptibility in obese populations
while TCF7L2 rs7903146 T allele was shown to be more
prevalent in T2DMnonobese population compared to T2DM
obese individuals, suggesting a pivotal role of obesity status in
genetic association with T2DM [4]. Therefore, inconsistence
regarding the genetic association studies among the Arab
populations might be partly explained by the obesity status.

Based on these findings, we decided to study the effect
of obesity status on association of PPAR-𝛾2 Pro12Ala variant
with T2DM risk in Emirati population. In addition, we have
also chosen to evaluate genetic variant rs10885409 in TCF7L2
which is C114798062T substitution and was reportedly asso-
ciated with T2DM risk in North Indians [5] but has not
been examined in earlier genetic epidemiologic studies in
any other previously studied populations, including Arabs.
We also studied the effect of these variants on diabetic
complications, which had not been previously reported in any
of the Arab populations studied to date.

2. Methodology

2.1. Subjects and Sample Collection. This studywas conducted
on four hundred and eighty-six (𝑛 = 486) unrelated Emiratis
who were identified during their routine visit to a diabetes
clinic in Dubai and Al Ain, United Arab Emirates, between
the period of June 2012 and December 2013. The case group
of 272 Type 2 Diabetes patients had mean age of 58±12 years

and consisted of 60% females. The control group consisted
of 216 healthy individuals who had mean age 45 ± 16 years
and was 68.37% female. The individuals selected for control
group were nondiabetic, normotensive individuals with no
indication of any complications. All participants gave their
informed consent in writing. This study was approved by the
Ethics Committees of the Dubai Health Authority and Al Ain
Medical District Human Research Ethics Committee in the
United Arab Emirates.

After obtaining an informed consent from the par-
ticipant, one mL of saliva was collected by a registered
nurse using Oragene kit OGR-500 (DNA Genotek, Ottwa,
Canada). The genomic DNA was extracted from saliva
using prepITTM∙L2P (DNA Genotek, Ottwa, Canada) in
accordance with the manufacturer’s instructions. All the
saliva samples were processed in the Molecular Cell Biology
laboratory at Khalifa University, Abu Dhabi, for DNA extrac-
tion and genotyping. In addition, a clinical assessments and
lifestyle questionnairewas completed at the clinic to study any
correlation between lifestyle variables and genetic variation.
An individual was classified as T2DM if the subject [1] was
diagnosed with T2DM by a qualified physician, [2] was on
a prescribed drug treatment regimen for T2DM, and [3]
returned biochemical test results of a fasting plasma glucose
level of at least 126mg/dL based on the criteria outlined
by the World Health Organization (WHO) consultation
group report. The individuals with BMI more than 30 were
considered obese and those with a BMI less than 30 were
grouped into the nonobese population. According to JNC 8
classification, all the individuals with blood pressure more
than 140/90mmHg were considered hypertensive.

2.2. Genotyping for TCF7L2 rs10885409 and PPAR-𝛾2
Pro12Ala Variants. TaqMan assays were used for SNP
genotyping (Applied Biosystems, Foster City, CA). These
assays use fluorogenic probes in a 5 nuclease assay to
identify differences in DNA sequences. The laboratory-
designed probes were obtained from Applied Biosystems.
All PCR reactions took place in optical 96-well reaction
plates (Applied Biosystems) with a final reaction volume
of 10 𝜇L that contained 10 ng of genomic DNA, 5𝜇L of
TaqMan Genotyping Master Mix (Applied Biosystems),
and 0.5𝜇L of assay mix (20x). The PCR thermal cycling
conditions were set as follows: 95∘C for 10min to activate
DNA polymerase, followed by 40 cycles of 92∘C for 15 s
and 60∘C for 1min. All PCRs were performed using a
9700 fast thermal cycler (Applied Biosystems), and the
end point fluorescence readings were obtained on a ViiA 7
Real-time PCR system (Applied Biosystems). Upon running
5% samples in duplicate, the genotyping success rates were
found to be 99.9% for both SNPs. Negative control was used
in each run for quality control purposes.

2.3. Statistical Methods. Statistical analyses were performed
using STATA version 13 (STATA Corp., TX, USA). Student’s
𝑡-test was used to compare the clinical parameters to different
groups. The genotype frequencies were tested for the Hardy-
Weinberg equilibrium using a 𝜒2 test. Fisher Exact test was
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Table 1: Clinical and biochemical characteristics of T2DM patients and healthy subjects.

T2DM patients
𝑛 = 272

Nondiabetic subjects
𝑛 = 216

𝑃 value

Age (years) 58 ± 12 45 ± 16 <0.0001
Male : female ratio 110 : 162 69 : 147 0.05
BMI 31.99 ± 6.3 29.97 ± 6.14 0.0009
Fasting glucose (mmol/L) 8.99 ± 7.23 5.63 ± 7.23 <0.0001
Systolic blood pressure 129.97 ± 17.24 122.50 ± 15.65 <0.0001
Diastolic blood pressure 70.0 ± 11.0 71.35 ± 11.45 0.6197
HB1AC 7.6 ± 1.6 5.59 ± 0.56 <0.0001
Cholesterol (mmol/L) 4.14 ± 1.05 4.49 ± 0.96 0.0001
Triglycerides (mmol/L) 1.46 ± 0.83 1.18 ± 0.76 0.0041
HDL (mmol/L) 1.22 ± 0.49 1.31 ± 0.51 0.1316
LDL (mmol/L) 2.30 ± 0.91 2.66 ± 0.93 0.0008

used to analyze the statistical significance of the difference in
allelic distribution of various polymorphisms in patients and
controls, with 𝑃 values, odds ratios (ORs), and confidence
intervals reported. The following gene transmission models
were considered for TCF7L2 to study the effect of T allele: (1)
recessive (TTVs CT + CC) and (2) dominant (CC Vs CT +
TT) effect of T allele for association analysis. A 𝑃 value of <
0.05 was considered statistically significant.

3. Results

The demographic characteristics and clinical and biochem-
ical parameters of T2DM patients and nondiabetic con-
trol patients are described in Table 1. The mean age and
male/female ratios significantly differed in the affected indi-
viduals and controls (Table 1). The mean glucose level, mean
arterial blood pressure, triglycerides, LDL, and total choles-
terol by TCF7L2 rs10885409 genotype did not significantly
differ (CC Vs CT + TT) (Table 2). The allele and genotype
frequencies of the rs10885409 SNP at TCF7L2 and PPAR-𝛾2
Pro12Ala variant in control and T2DM groups without con-
sideration of obesity status are summarized in Table 3. The
distribution of the TCF7L2 polymorphism (rs10885409) was
consistent with the Hardy-Weinberg equilibrium in T2DM
patients (𝜒2 = 2.513, 𝑃 = 0.2846) as well as in nondiabetic
controls (𝜒2 = 1.296, 𝑃 = 0.5230).The frequencies of TT, CT,
and CC genotypes for rs10885409 SNP at TCF7L2 were 22.5,
44.6, and 32.9%, respectively, in T2DM cases and 23.3, 46.5,
and 30.2%, respectively, in nondiabetic subjects. T allele was
foundwithminor allele frequencies of 0.45 and 0.48 in T2DM
cases and control groups, respectively. The genotype and
allele frequencies were not statistically different between the
groups. The genotyping results for PPAR-𝛾2 demonstrated G
allele (12Ala) as a minor allele with a frequency of 0.04 and
which was found only in heterozygote form. The genotype
and allele frequencies were almost similar in T2DMcases and
controls. Deviations from the Hardy-Weinberg equilibrium
were not observed in any of the groups (𝜒2 = 0.669, 𝑃 =
0.7156 for control group).

Table 2: Clinical and biochemical characteristics in different geno-
types.

CC
𝑛 = 272

TT + CT
𝑛 = 216

𝑃 value

BMI 31.21 ± 5.6 31.15 ± 6.4 0.9399
Fasting glucose (mmol/L) 7.41 ± 3.15 7.42 ± 3.15 0.9829
Systolic blood pressure 128.68 ± 18.0 126.38 ± 16.71 0.2374
Diastolic blood pressure 71.76 ± 11.06 70.79 ± 11.29 0.4551
HB1AC 6.94 ± 1.64 7.36 ± 3.54 0.2427
Cholesterol (mmol/L) 4.18 ± 1.00 4.31 ± 1.06 0.2667
Triglycerides (mmol/L) 1.36 ± 0.87 1.37 ± 0.83 0.9144
HDL (mmol/L) 1.25 ± 0.37 1.25 ± 0.56 0.8946
LDL (mmol/L) 2.31 ± 0.87 2.49 ± 0.96 0.0888

3.1. Association of the TCF7L2 rs10885409 Variant with
the Risk of T2DM and Related Complications in
a Case-Control Study

3.1.1. All Control and T2DM Individuals. Association anal-
yses demonstrated no significant association between the
rs10885409 SNP of TCF7L2 and T2DM susceptibility when
the obesity status was not considered (Tables 3 and 4).
Moreover, the genotype and allele frequency distributions
among the T2DM case groups with or without hypertension
or any of the complications related with T2DM did not
significantly differ (Table 6).

3.1.2. Nonobese T2DM Association. When the data were
analyzed considering the obesity status, the frequency of
the CC genotype was found to be significantly higher (26.1
Vs 41.1, 𝑃 = 0.0176) in nonobese (BMI < 30) T2DM
patients, but not in the obese affected patients (BMI > 30)
(Table 5). The nonobese subjects with CC genotypes were at
an approximately two-fold higher risk of T2DM than those
with CT or TT genotypes (OR 1.975 (95% CI 1.127–3.461),
𝑃 = 0.017) (Table 5).
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Table 3: Genotype and allele frequency distribution of rs10885409 of TCF7L2 and PPAR-𝛾 P12A mutation without obesity consideration.

Total𝑁 T2DM patients
𝑁 (%)

Nondiabetic subjects
𝑁 (%) 𝑃 value

TCF7L2 genotypes
TT 111 61 (22.5) 50 (23.3) NS
CT 221 121 (44.6) 100 (46.5) NS
CC 154 89 (32.9) 65 (30.2) NS

Allele frequencies
T 443 243 (0.45) 205 (0.48) NS
C 529 299 (0.55) 225 (0.52) NS

PPAR-𝛾 genotypes
CC 447 250 (91.9) 197 (91.2) NS
CG 41 22 (8.1) 19 (8.8) NS
GG 0 0 0 NS

Allele frequencies
C 935 522 (0.96) 413 (0.96) NS
G 41 22 (0.04) 19 (0.04) NS

Table 4: Genotype and allele frequency distribution for TCF7L2 rs10885409 variant and the risk of type 2 diabetes in the Emirati population
in various groups based on obesity status.

Without consideration of BMI Obese (BMI >30) Nonobese (BMI <30)
T2DM Healthy P T2DM Nondiabetics P T2DM Nondiabetics P

Genotypes
CC 89 (32.8%) 65 (30.2%) 0.557 42 (28.2%) 31 (35.2%) 0.3082 46 (41.1%) 30 (26.1%) 0.0176
CT + TT 182 (67.2%) 150 (69.8%) 107 (71.8%) 57 (64.8%) 66 (58.9%) 85 (73.9%)

Allele frequencies
C 0.55 0.52 0.399 0.52 0.56 0.342 0.61 0.51 0.0376
T 0.45 0.48 0.48 0.44 0.39 0.49

Table 5: Analysis of association of TCF7L2 rs10885409 variant and T2DM in case-control study by obesity status.

Model Without consideration of BMI Obese (BMI >30) Nonobese (BMI <30)
OR 95% CI 𝑃 value OR 95% CI 𝑃 value OR 95% CI 𝑃 value

CC Vs CT + TT 1.128 0.767–1.660 0.539 0.722 0.410–1.269 0.258 1.975 1.127–3.461 0.017
TT Vs CT + CC 0.927 0.598–1.438 0.736 1.083 0.580–2.021 0.802 0.752 0.396–1.428 0.384

Allele frequencies
C Vs T 1.1232 0.8714–1.4477 0.37 0.843 0.580–1.226 0.372 1.495 1.029–2.170 0.035

Table 6: Analysis of association of TCF7L2 rs10885409 variant and T2DM related complications in Emirati population in case-control study.

Total𝑁
(𝑛 = 232)

With complications
𝑁 = 105 (%)

Without complications
𝑁 = 127 (%) 𝑃 value

TCF7L2 genotypes
TT 48 26 (4.8) 22 (17.3)

0.3135∗CT 115 44 (41.9) 71 (55.9)
CC 69 35 (33.3) 34 (26.8)

Allele frequencies
T 211 96 (0.46) 115 (0.45) 0.9257
C 253 114 (0.54) 139 (0.55)
∗CC Vs CT + TT.
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4. Discussion

In this investigation, we carried out genetic association
study of the SNPs in PPAR-𝛾2 and TCF7L2 with T2DM
susceptibility and its interaction with the obesity status for
the first time in the Emirati population. While many variants
have been identified in PPAR-𝛾2 gene, themost prevalent and
best studied is the Pro12Ala polymorphism which has been
shown to impair the function of the PPAR-𝛾2 isoform of the
receptor and to be associatedwith obesity and/or diabetes and
insulin sensitivity related phenotypes in different populations
[9, 12, 13]. Grant et al. [29] found that common genetic
variants of the TCF7L2 gene were associated with T2DM
risk, and these findings were consistently reproduced in
several populations. Most of these studies focused on the
genetic variant rs7903146, which was consistently found to be
associated with a risk for T2DM in most populations studied
to date. However, the scenario in the Arab population was
a slightly different. Studies of two major Arab populations,
Saudi Arabs and Emirati Arabs [22, 23], were not consistent
with these findings. Saadi et al. [23] and Alsmadi et al. [22]
already examined the variant s7903146 in Emirati and Saudi
populations, respectively. We did not imitate their reports.
Rather, we investigated another SNP rs10885409 that was
found to be associated with T2DM in a previous study
conducted in Indians Sikhs residing in the USA [9].

The genotyping results for PPAR-𝛾2 showed 12Ala allele
as minor allele and we established the risk allele (Pro12)
frequency in Emirati population among the highest observed
so far and was comparable to Saudi [24], Japanese, Chinese,
and African but failed to observe any association with T2DM
risk. These findings are consistent with Saudi [24] and some
Caucasian studies [30, 31]. Moreover, given the very high
incidence of the Pro12 allele in this population, the study
size was extremely underpowered and the data could not be
analysed for the association with incidence of T2DM related
complications and interaction with obesity status.

The results of the genotyping for rs10885409 demon-
strated that neither the T nor the C allele was associated with
T2DM. Similarly, rs10885409 did not correlate with T2DM
when the data formales and femaleswere analyzed separately,
ruling out the possibility of any gender-based association.
We also observed that the genotype did not affect any of the
clinical or biochemical parameters, such as the BMI, fasting
glucose level, or lipid profile (Table 2), which are considered
to be related to T2DM and were found significantly altered
in the cases and controls (Table 1). The allele and genotype
distribution were not in concordance with the only available
study conducted in an Indian Sikh population on the same
allele [9]. The C allele was established to be minor, with
an allele frequency of 0.46 in nondiabetics and significantly
higher frequency of 0.53 in T2DM cases, and the strongest
association was suggested (1.64; 95% CI [1.20–2.24]; 𝑃 =
0.001) in dominant models [9]. The data presented here and
in the two previous studies in Arabs [16, 17] suggested that
TCF7L2 polymorphism is not related to T2DM risk in the
Arabian Peninsula. A coding variant (Pro477Thr) in exon
14 of TCF7L2 and the recently identified rs290487 variant
of TCF7L2 were also not associated with T2DM in Japanese

[32] and Chinese [33] populations. However, rs7903146 was
associated with T2DM in both of these populations [9, 10,
30], suggesting the possibility of allele-specific associations
only. A literature exploration revealed inconsistencies in the
reports in even the most thoroughly studied and widely
accepted T2DM risk variant rs7903146, especially in Arab
populations. In Arabian Peninsula, the life style is more
westernized with reduced physical activity and excessive
calorie intake. These divergent results of the association
could be explained by the interaction between the BMI
and environmental factors in modulating T2DM risk, as
previous reports suggested that different genetic architectures
could increase the T2DM susceptibility according to the
obesity status [4]. In fact, the TCF7L2 rs7903146 T allele was
associated with T2DM in nonobese Tunisian Arabs, whereas
no effect was detected in overweight and obese individuals
[31]. We analyzed our results while considering obesity. We
divided our T2DM cases and controls into two groups each of
BMI< 30 and BMI> 30.The obese group included 147 T2DM
and 88 healthy subjects, and the nonobese group included
112 and 115 T2DM and control individuals, respectively. We
observed the frequency of the CC genotype to be significantly
higher (41.1 versus 26.1,𝑃 = 0.0176) in nonobese T2DMcases
compared to matching nondiabetic subjects (0.61 versus 0.51,
𝑃 = 0.0376), and the same was also true for the C allele
(Table 4). The nonobese CC genotype carriers were found
to be at high risk for T2DM (OR 1.975, 95% CI 1.127–3.461,
𝑃 = 0.017) (Table 5); however, rs10885409 was not associated
with T2DM risk in the obese group. These results were in
complete concordance with those of the Tunisian study [20]
and were sufficient to explain the inconsistencies that were
observed regarding the effect of theTCF7L2 variant onT2DM
risk. Most of the studies were conducted without considering
the obesity status, and our results strongly suggested that the
genetic associations might be modulated by the presence and
absence of obesity, especially in Arab populations.

The allelic and genotypic associations were also analyzed
in diabetic patients with at least one complication and with-
out any complications. We did not observe any significant
differences in the allele and genotype frequencies between
the two groups (Table 6), indicating that rs10885409 did
not affect the presence of diabetes-related complications.
Studies regarding the effect of variant rs10885409 ondiabetes-
related complications were not available, and the studies on
rs7903146 were largely inconsistent [34, 35]. Unfortunately,
we could not analyze this association for each complication
separately or based on obesity status because of the very
small sample size of the groups formed for this purpose.
However, we observed significant differences in the bio-
chemical parameters in different genotypes in nonobese
subjects. The mean levels of cholesterol, LDL, and TGs
were significantly higher in T2DM cases with either CT
or TT genotypes compared to matching controls with the
same genotype (Table 7). Interestingly, the LDL levels were
significantly higher in T2DM subjects with the CT + TT
genotype compared to T2DM cases with the CC genotypes
(𝑃 = 0.0001) (Table 7).

In conclusion, our results show that the Pro12Ala muta-
tion in the PPAR-𝛾2 gene is unlikely to serve as clinically
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useful predictor of T2DMand/or obesity in Emiratis.TCF7L2
variation may be a risk factor for the occurrence of T2DM in
Arab populations, but this association relies on the obesity
status. Our case control study on rs10885409 established CC
genotype as a risk factor in nonobese Emiratis. However,
the association was absent when the obesity status was not
considered and in the obese population with T2DM risk and
related complications.
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Edible bird’s nest (EBN) is used traditionally in many parts of Asia to improve wellbeing, but there are limited studies on its
efficacy. We explored the potential use of EBN for prevention of high fat diet- (HFD-) induced insulin resistance in rats. HFD
was given to rats with or without simvastatin or EBN for 12 weeks. During the intervention period, weight measurements were
recorded weekly. Blood samples were collected at the end of the intervention and oral glucose tolerance test conducted, after
which the rats were sacrificed and their liver and adipose tissues collected for further studies. Serum adiponectin, leptin, F2-
isoprostane, insulin, and lipid profile were estimated, and homeostatic model assessment of insulin resistance computed. Effects
of the different interventions on transcriptional regulation of insulin signaling genes were also evaluated. The results showed that
HFD worsened metabolic indices and induced insulin resistance partly through transcriptional regulation of the insulin signaling
genes. Additionally, simvastatin was able to prevent hypercholesterolemia but promoted insulin resistance similar to HFD. EBN, on
the other hand, prevented the worsening of metabolic indices and transcriptional changes in insulin signaling genes due to HFD.
The results suggest that EBN may be used as functional food to prevent insulin resistance.

1. Introduction

The growing burden of cardiometabolic diseases, even in
the face of increasing advances in medical sciences, is the
driving factor behind the heightened interest in alternative
therapies in the management of these diseases and associated
problems [1, 2]. Additionally, rising obesity rates globally due
to unhealthy lifestyle factors promote these rising disease
trends; obesity promotes insulin resistance and eventually
cardiometabolic diseases [3]. In fact, it is estimated that if per-
sons at risk of insulin resistance and cardiometabolic diseases
are accurately determined using sensitive diagnostic tech-
niques, the numbers of those needing interventions to man-
age their conditions would be much higher than established
figures [4]. There are different theories used to hypothesize
the underlyingmechanisms involved in the progression from

obesity to insulin resistance and cardiometabolic diseases.
Popularly, excess calories are thought to promote deposition
of visceral fat around organs, with consequent changes in
the adipose tissue metabolism in the body, and ultimately
increase in insulin resistance especially in liver, as a result
of glucolipotoxicity [5].The ensuing insulin resistance causes
disruption in the propagation of insulin signals on insulin-
responsive cells. In fact, the perceived role of this phe-
nomenon is the reason why therapeutic approaches to the
management of insulin resistance and other associated car-
diometabolic diseases involve the use of agents that promote
insulin signaling.

Edible bird’s nest (EBN) is traditionally consumed among
Asians for its nutritional value. It is believed to enhance
energy levels, prevent aging, and improve overall well-being.
Furthermore, there are scientific reports of its antioxidative,
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Table 1: Food composition and animal groups.

Animal group Normal pellet Cholesterol/cholic acid Palm oil Starch Others
Normal 100%
High fat diet 65% 5 20 10
High fat diet + simvastatin 65% 5 20 10 Simvastatin (10mg/kg)
High fat diet + 20% EBN 45% 5 20 10 20% EBN
High fat diet + 2.5% EBN 62.5% 5 20 10 2.5% EBN
EBN: edible bird’s nest.

anti-inflammatory, and bone-strengthening effects [6–9].
However, its effects on insulin resistance and cardiometabolic
indices have not been documented. In view of the large
patronage of EBN by Asians, especially of Chinese origin
[10], we decided to evaluate the effects of EBN consumption
on cardiometabolic indices in high fat diet- (HFD-) fed rats.
Based on the anti-inflammatory and antioxidant effects of
EBN, we assumed it would have favorable effects on car-
diometabolic indices, since both effects have been reported
to favor insulin sensitivity. As the first study of its kind,
we hypothesized that the results could provide the evidence
for continued use of EBN as a supplement and may even
paveway for evidence-based development of functional foods
and nutraceuticals using EBN for managing cardiometabolic
diseases.

2. Materials and Methods

2.1. Materials. Leptin, F2-isoprostane, and insulin ELISA kits
were purchased from Elabscience Biotechnology Co., Ltd
(Wuhan, China), while adiponectin ELISA kit was fromMil-
lipore (Billerica, MA, USA). Lipid profile kits were purchased
from Randox Laboratories Ltd (Crumlin, County Antrim,
UK). GenomeLabGeXP Start Kit was fromBeckmanCoulter
Inc (Miami, FL, USA), and RNA extraction kit was from
RBC Bioscience Corp. (Taipei, Taiwan). Simvastatin was
from Pfizer (New York, NY, USA) and RCL2 Solution from
Alphelys (Toulouse, France). Analytical grade ethanol was
purchased from Merck (Darmstadt, Germany). Cholesterol
and cholic acid were purchased from Amresco (Solon, OH,
USA) and Santa Cruz Biotechnology (Santa Cruz, CA, USA),
respectively. Standard rat pellet was from Specialty feeds
(Glen Forrest, WA, USA), while palm oil was supplied by Yee
Lee Edible oils Sdn. Bhd. (Perak, Malaysia). EBN, of Aero-
dramus fuciphagus (white nest swiftlet) origin, supplied by
BlossomView Sdn. Bhd (Terrengganu,Malaysia) was cleaned
under tap water for 5mins, dried at room temperature, and
ground into powder manually usingmortar and pestle before
incorporating it into rat pellet.

2.2. Bioactive and Proximate Analyses. The proximate analy-
sis of EBN was done as reported in our previous publication
[11], based on the official methods of Association of Official
Analytical Chemists. Briefly, nitrogen content was deter-
mined using micro-Kjeldahl apparatus (Kjeltech 2200 Auto
Distillation Unit, FOSS Tecator, Hoganas, Sweden), and then
protein content was determined as N × 5.95. Furthermore,

the ashing process was done by incinerating the sample in
a furnace (Furnace 62700, Barnstead/Thermolyne, Dubuque,
IA, USA) set at 550C, while the fat content was determined
as the dried ether extract of EBN.Then, carbohydrate content
was determined using the following formula: (100% – protein
content –moisture content – ash content – crude fat content).
All results were expressed as percentage of dry weight. The
amounts of major bioactives in EBN (sialic acid [SA], lacto-
ferrin [LF], and ovotransferrin [OVF]) were analyzed using
ELISA-based techniques (LF and OVF) and HPLC-DAD
(SA). Briefly, EBN was ground to powder and dissolved
in water at 37∘C for 2 h on a shaking incubator (LSI-3016,
Daihan Lab techCo. Ltd, Korea) and finally filtered.Thewater
extract was then used to detect LF and OVF concentrations
using Chicken Lactoferrin and Ovotransferrin Elisa Kits,
Biosource (San Diego, California, USA), according to manu-
facturer’s instructions. Additionally, water extract of EBNwas
also analysed for SA content using HPLC-DAD as reported
previously [12].

2.3. Animal Study. The Animal Care and Use Committee
(ACUC) of the Faculty of Medicine and Health Sciences,
Universiti Putra Malaysia, approved the use of animals in
this study (Project approval number UPM/IACUC/AUP-
R011/2014), and animals were handled as stipulated by the
guidelines for the use of animals. Sprague Dawley rats (10-
week old, 230–280 g, 𝑛 = 30) were housed at the animal house
(25± 2∘C, 12/12 h light/dark cycle) and allowed to acclimatize
for 2 weeks with free access to normal pellet and water.
After acclimatization, rats were fed HFD containing 4.5%
cholesterol and 0.5% cholic acid with or without treatment
using simvastatin or EBN (Table 1), except the normal group
(𝑛 = 6). Intervention lasted for another 12 weeks, after which
rats were sacrificed and their organs harvested for further
studies. Additionally, blood samples were collected at the end
of the intervention for biochemical analyses.

2.4. Food Intake and Weight. Food intake was calculated
by subtracting the leftover food from what was added the
previous day. Weight was recorded after acclimatization and
weekly thereafter until sacrifice.

2.5. Biochemical Analyses. Lipid profile analyses were per-
formed using serum from blood collected at the beginning
and end of the study by cardiac puncture after an overnight
fast. Samples were analyzed using Randox analytical kits
according to manufacturer’s instructions using a Selectra XL
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instrument (Vita Scientific, Dieren, The Netherlands). Blood
glucose was measured using glucometer (Roche Diagnostics,
Indianapolis, IN, USA), and homeostatic model assessment
of insulin resistance (HOMA-IR), a measure of insulin sen-
sitivity, was computed from the fasting plasma glucose and
insulin levels using the formula, HOMA-IR = (fasting glucose
level [mg/dL]/fasting plasma insulin [uU/mL])/2430 [13].

2.6. Serum Adiponectin, Leptin, F2-Isoprostane, and Insulin.
Serum from blood collected in plain tubes was used for mea-
surements of adiponectin, leptin, F2-isoprostane, and insulin
using the respective ELISA kits according to the manufac-
turers’ instructions. Absorbance was read on BioTeK Synergy
H1 Hybrid Reader (BioTek Instruments Inc., Winooski, VT,
USA) at the appropriate wavelengths (450 nm for insulin,
leptin, and F2-isoproatane and 450 and 590 for adiponectin).
The results were analyzed on http://www.myassays.com/
using four parametric test curve: adiponectin (𝑅2 = 0.9914),
insulin (𝑅2 = 1), leptin (𝑅2 = 0.9996), and F2-isoprostane
(𝑅2 = 1).

2.7. Gene Expression

2.7.1. Primer Design. Rattus norvegicus gene sequences from
the National Center for Biotechnology Information web-
site (http://www.ncbi.nlm.nih.gov/nucleotide/) were used to
design primers (Table 2) on GenomeLab eXpress Profiler
software. In addition to the genes of interest, primers were
also designed for housekeeping genes, while the internal con-
trol (Kanr) was supplied by Beckman Coulter Inc. Primers
were tagged with an 18-nucleotide universal forward and 19-
nucleotide universal reverse sequence, respectively. Primers
were supplied by Integrated DNA Technologies (Singapore)
and reconstituted in RNAse free water.

2.7.2. RNA Extraction, Reverse Transcription, and PCR. RNA
was extracted from liver and adipose tissues using the
total RNA isolation kit (RBC Biotech Corp., Taipei, Tai-
wan) according to the manufacturer’s instructions. Reverse
transcription (20 ng) and PCR were done according to the
GenomeLab GeXP Start Kit protocol (Beckman Coulter,
USA), using the conditions shown in Table 3.

2.7.3. GeXP Genetic Analysis System and Multiplex Data
Analysis. PCR products (1 uL) were mixed with 38.5 𝜇L
sample loading solution and 0.5 𝜇L DNA size standard 400
(GenomeLabGeXP Start Kit; BeckmanCoulter, Inc, USA) on
a 96-well sample plate and loaded on the GeXP genomelab
genetic analysis system (Beckman Coulter, Inc, Miami, FL,
USA), which separates PCR products based on size by
capillary gel electrophoresis. Figure 1 shows a representative
electropherogram. Results were analyzed with the Fragment
Analysis module of the GeXP system software and normal-
ized on the eXpress Profiler software.

2.8. Data Analysis. Themeans ± standard deviations (𝑛 = 6)
of the groups were used for the analyses. One-way analysis of
variance (ANOVA) was performed using SPSS 17.0 software

Figure 1: Representative electropherogram following gene expres-
sion analysis on GenomeLab GeXP genetic analysis system (Beck-
man Coulter Inc., USA). The genes and their expected sizes were
Irs2-137; Slc2a2-149; Kcnj11-158; Insr-166; Glut4-178; Irs1-188; Gck-
197; Mapk8-218; Pklr-227; Prkcd-239; B2m-248; Hprt1-257; Mapk1-
268; Socs1-272; Rpl13a-287; Prkcz-298; Ikbkb-306; Kan(r)-325;
Mtor-337; Pdx1-348; Pik3cd-357; Actb-365; Pik3r1-372; Pik3ca-385;
Hk2-389.

(SPSS Inc., Chicago, IL, USA) to assess the level of signifi-
cance of differences between means with a cutoff of 𝑃 < 0.05.

3. Results and Discussions

3.1. Proximate andBioactiveAnalyses. Theproximate analysis
of EBN showed that it contained mostly protein and carbo-
hydrates (Table 3), in agreement with previous findings [10].
Additionally, it contained a significant amount of SA (11%) as
bioactive, with lesser amounts of LF (1%) and OVF (0.4%).
Previous reports have indicated that EBN is bioactive-rich
[10], and it is likely that food synergy plays role in its overall
effects [14].The presence of any one bioactive compoundmay
not explain the bioactivity of EBN, but the concentration of
the leading bioactive compounds like SA may have an influ-
ence to a great extent, albeit with the contribution of other
bioactives. Moreover, SA, LF, andOVF have all been reported
to have varying functional effects [15, 16], and their synergism
may even produce better. This is similar to the concept of
bioactive-rich fraction we have advocated for recently, in
which a lead bioactive compound in an extract produces bet-
ter bioactivity in the presence of other bioactive compounds
[17]. Therefore, in view of recent advocacy for the study of
foods but not their individual constituents as the functional
unit of nutrition [18], we decided to study the bioactivity of
EBN as a whole.

3.2. Weight Changes. Figure 2 shows the changes in body
weights of rats over 12 weeks of intervention. No statistically
significant changes were observed but the changes in HFD-
fed (untreated control) group (50% increase) were higher,
in comparison with normal (47%), simvastatin (40%), 2.5%
EBN (45%), and 20% EBN (43%) groups. Interestingly, as
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Table 3: Proximate analyses and lactoferrin, ovotransferrin, and
sialic acid concentrations of edible bird’s nest (EBN).

Bioactive/nutrient EBN
Lactoferrin 4.68 ± 0.4 𝜇g/mg
Ovotransferrin 10.23 ± 0.8 𝜇g/mg
Sialic acid 110.4 ± 0.8 𝜇g/mg
Crude fat 0.54 ± 0.06%
Ash 4.0 ± 0.03%
Moisture 15.2 ± 0.02%
Carbohydrate 23.4 ± 0.29%
Crude protein 56.9 ± 0.27%
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Figure 2: Effects of edible bird’s nest (EBN) on body weight changes
in high fat diet- (HFD-) fed rats over 12 weeks. The normal group
received standard rat chow, while the other groups received HFD
containing 4.5% cholesterol and 0.5% cholic acid (untreated control
group), HFD containing 4.5% cholesterol and 0.5% cholic acid +
10mg/kg/day simvastatin (SIM), HFD containing 4.5% cholesterol
and 0.5% cholic acid + 2.5% EBN (EBNL, EBN low), or HFD con-
taining 4.5% cholesterol and 0.5% cholic acid + 20% EBN (EBNH,
EBN high).

shown in Table 3, calorie intake for the different groups was
similar over the intervention period. The results indicated
therefore that EBN had some weight-modulating properties,
although the weight gain was lowest for simvastatin-treated
group.Moreover, simvastatin is reported to have someweight
reducing properties [19].

3.3. OGTT, Insulin, HOMA-IR, and Lipid Profile. Serum
insulin levels at the end of intervention were not remarkably
different between the groups except for the 2.5% EBN group,
which was significantly lower (𝑃 < 0.05) than others
(Table 4). However, absolute insulin levels may not reflect the
state of the underlying insulin responsiveness since insulin
resistance often starts with high insulin levels and ends up
with lower levels. Therefore, we computed the HOMA-IR as
a marker of insulin resistance that combines insulin levels
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Figure 3: Effects of edible bird’s nest (EBN) onoral glucose tolerance
test in fed high fat diet- (HFD-) fed rats. Groupings are similar to
Figure 2. ∗ indicates significant difference (𝑃 < 0.05) in comparison
with untreated control.

and fasting glucose levels. The data showed that untreated
control and simvastatin groups had a tendency to cause
insulin resistance. This mirrors earlier findings on the effects
of HFD feeding [20] and simvastatin [21] on development of
insulin resistance. EBNgroups had lowerHOMA-IR values in
comparisonwith other groups, although not significantly dif-
ferent from normal (both EBN groups) and untreated control
(20% EBN group) groups.

The cholesterol levels in the untreated control group
were significantly increased in comparison with the normal
group (Table 4).Moreover, worsening of lipid profile has been
associated with insulin resistance [22]. The total cholesterol
was significantly reduced by simvastatin and 20% EBN group
(𝑃 < 0.05). As seen fromother cholesterol indices in the table,
simvastatin, which is used to manage hypercholesterolaemia
was able to improve lipid profile but not as well as 20% EBN
treatment. Furthermore, Figure 3 shows the OGTT results
for the intervention groups. The glycemic response for the
diabetic untreated group was higher than other groups (𝑃 <
0.05), while the normal and EBN groups were the lowest and
significantly lower than simvastatin treated group (𝑃 < 0.05).
Insulin regulates a number of metabolic changes in the body
and derangements in its actions even before insulin resistance
becomes overt can be detected using the OGTT. This is
because the OGTT gives an indication of how a biological
system will respond in the presence of glucose and indicates
how well the postglucose insulin surge handles the glycemic
load received in the blood stream [23]. In this study, the data
showed that untreated control and simvastatin groups did not
handle the glucose load in a manner befitting the levels of
insulin observed in the serum. Therefore, in spite of the lack
of difference in insulin levels between the groups, the OGTT
data showed that the untreated control and simvastatin-
treated groups will have abnormal glycemic responses com-
pared with the normal and EBN groups because their bodies
were tending towards insulin resistance.

3.4. Serum Adiponectin, Leptin, and F2-Isoprostane. Figure 4
shows the results for the serum levels of adiponectin, lep-
tin, and F2-isoprostane. The results suggested worsened
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Figure 4: Effects of edible bird’s nest (EBN) on (a) serum adiponectin, (b) serum leptin, and (c) serumF2-isoprostane in high fat diet- (HFD-)
fed rats. Groupings are similar to Figure 2. ∗ indicates significant difference (𝑃 < 0.05) in comparison with untreated control.

metabolic indices (increased leptin and F2-isoprostane and
decreased adiponectin) in the untreated control group in
comparison with the normal group.The EBN groups showed
dose-dependent improvements (decreased leptin and F2-
isoprostane and increased adiponectin) in the metabolic
indices although only 20%EBNgroupwas significantly better
than the untreated control group. Adiponectin and leptin are
adipokines that have an inverse relationship and have both
been implicated in the development of insulin resistance. Low
levels of adiponectin and high levels of leptin are indicative
of a tendency for insulin resistance, while interventions that
reverse these trends are reported to improve insulin sensitiv-
ity [24]. Furthermore, F2-isoprostane is a marker of oxidative
stress, which is also linkedwith insulin resistance [25]. In fact,
oxidative stress is hypothesized to precede insulin resistance
[26], while antioxidants and interventions that lower oxida-
tive stress levels are thought to improve insulin sensitivity
[27]. Based on the trends observed in the present study,
therefore, it can be argued that EBN prevented HFD-induced
insulin resistance in rats, partly through its ability to reduce
oxidative stress.

3.5. Hepatic and Adipose Tissue mRNA Levels of Insulin
Signaling Genes. The data thus far indicated that EBN is able

to prevent insulin resistance in rats fed HFD over 12 weeks.
Additionally, the data showed that although simvastatin is
able to produce lower levels of cholesterol, it, in fact, increases
insulin resistance, in agreement with previous reports [21].
Based on the fact that insulin levels were similar between the
groups in this study, but there were significant differences in
insulin sensitivity, we hypothesized that changes in insulin
sensitivity may have been mediated at insulin signaling level.
We, therefore, determined the effects of our interventions on
transcriptional regulation of insulin signaling genes (Table 2)
in hepatic and adipose tissues.

The expressions of the insulin signaling genes in hepatic
and adipose tissues were characteristic of insulin resistance
in the untreated control group; downregulation of the insulin
receptor (Insr), insulin receptor substrate (IRS) 2, and phos-
phoinositide-3-kinase (PI3K) observed in the liver and adi-
pose tissues in this group are suggestive of insulin resistance
(Figure 5) [28–30]. Activation of Insr by insulin will normally
initiate a cascade that involves activation of IRS and eventu-
ally PI3K, which mediate the intracellular actions of insulin.
Transcriptional disruption of this insulin-initiated cascade
forms part of the basis for obesity-induced insulin resistance
[31].
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Figure 5: Effects of edible bird’s nest (EBN) on (a) hepatic and (b) adipose tissue mRNA levels of insulin receptor (Insr), insulin receptor
substrate (Irs) 2 and Phosphoinositide-3-kinase (PI3K) in high fat diet- (HFD-) fed rats. Groupings are similar to Figure 2. ∗ indicates
significant difference (𝑃 < 0.05) in comparison with untreated control.
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Figure 6: Effects of edible bird’s nest (EBN) on (a) hepatic and (b) adipose tissue mRNA levels of mammalian target of rapamycin (mTOR),
protein kinase C zeta (Prkcz), inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta (IKBKB), and mitogen-activated
protein kinase (MAPK) 1 in high fat diet- (HFD-) fed rats. Groupings are similar to Figure 2. ∗ indicates significant difference (𝑃 < 0.05) in
comparison with untreated control.

Additionally, upregulation of mitogen-activated protein
kinase (MAPK) [32] and inhibitor of kappa light polypeptide
gene enhancer in B-cells, kinase beta (Ikbkb) [33] and
downregulation of mammalian target of rapamycin (mTOR)
[34] and protein kinase C, zeta (Prkcz) [35], as seen with the
untreated control group (Figure 6) are thought to promote
phosphorylation of IRS with consequent increase in insulin
resistance due to disruption of IRS-mediated insulin action
via activation of PI3K [28, 30]. Intervention with EBN upreg-
ulated the expression of Insr, IRS2 and PI3K in both liver
and adipose tissues, but the difference was only significant for
IRS2 in the liver and PI3K in the adipose tissue (Figure 5).
These, however, suggest that EBN prevented HFD-induced
insulin resistance through transcriptional regulation of insu-
lin signaling genes. Moreover, EBN upregulated mTOR and
Prkcz in the liver and adipose tissue but only caused down-
regulation of MAPK and Ikbkb in the liver indicating that
the transcriptional changes induced by EBN had differential
effects on insulin signaling genes in liver and adipose. There-
fore, slightly different mechanisms may be involved in its
enhanced insulin signaling in different tissues.

The activities of glucokinase (Gck) and pyruvate kinase
(Pk) are affected in insulin resistance, decreasing the chances
of intracellular glucose phosphorylation and its commitment
to glycolysis [36]. In the adipose and liver tissues of untreated
control group, we observed downregulation of the Gck and
Pk genes, in line with increased insulin resistance (Figure 7).
The levels of these genes are believed to directly influence
the levels of cellular adenosine triphosphate (ATP) and
consequently the activity of the potassium inwardly rectifying
channel, subfamily J, member 11 (KCNJ11) gene, which
regulates the ion channels involved in glucose sensing [37]. In
this study, we observed downregulation of the KCNJ11 gene
in both liver and adipose tissues, suggesting that the changes
in Gck and Pk expression may have affected its expression
through their effects on cellular ATP levels. EBN intervention
was able to upregulate expressions of Gck, Pk, and KCNJ11 in
both liver and adipose tissues.

Based on the patterns of expression in the liver and adi-
pose tissues, we propose that EBN may be exerting its effect
on insulin sensitivity through increased expression and likely
activity of several genes involved in the insulin signaling
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Figure 7: Effects of edible bird’s nest (EBN) on (a) hepatic and (b) adipose tissue mRNA levels of Glucokinase (Gck), potassium inwardly
rectifying channel, subfamily J, member 11 (KCNJ11), and pyruvate kinase-liver isoform (L-Pk) in high fat diet- (HFD-) fed rats. Groupings
are similar to Figure 2. ∗ indicates significant difference (𝑃 < 0.05) in comparison with untreated control.
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Figure 8: Proposed schematic showing targets of edible bird’s nest (EBN) action in the insulin signaling pathway. EBN prevents insulin
resistance in high fat diet rats by influencing the transcriptional regulation of multiple genes.

pathway in the liver and adipose tissues (Figure 8). Although
simvastatin is able to lower cholesterol levels (Table 4), its
effects on insulin signaling genes (Figures 5, 6, and 7) tended
towards insulin resistance, in agreement with previous
reports. Liver and adipose tissues are involved in develop-
ment of insulin resistance, and in fact they have been pro-
posed to be the organs from where the problem is initiated.
Therefore, the enhanced sensitivity of insulin in these tissues
suggests that EBN is effective at preventing insulin resistance.
Furthermore, we hypothesize that synergism of multiple
bioactives in EBN is contributing to the overall bioactivity
observed.

4. Conclusions

In this study, we demonstrated that HFD will induce insulin
resistance (higher OGTT, leptin and F2-isoprostane, and

lower adiponectin levels), partly through transcriptional
modulation of insulin signaling genes. Additionally, simvas-
tatin was shown to further promote insulin resistance. EBN
however is able to prevent insulin resistance by preventing
some of the transcriptional changes on insulin signaling
genes induced by HFD. There is need to further evaluate the
potential use of EBN in the management of insulin resistance
in already established insulin-resistant conditions.
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Aim.To investigate the efficacy of combined therapy of insulin and rosiglitazone onmetabolic and inflammatory parameters, insulin
sensitivity, and adipocytokine levels in patients with type 1 diabetes mellitus (type 1 DM).Material andMethods.A total of 61 adults
with type 1 DMwere randomly and prospectively assigned in open-label fashion to take insulin and rosiglitazone 4mg/day (𝑛 = 30)
or insulin alone (𝑛 = 31) for a period of 18 weeks while undergoing insulin therapy without acute metabolic complications. Results.
Combination therapy did not significantly improve metabolic and inflammatory parameters, insulin sensitivity, and adiponectin
levels. While leptin and resistin levels decreased in both groups (group 1: resistin 6.96 ± 3.06 to 4.99 ± 2.64, 𝑃 = 0.006; leptin 25.8
± 17.6 to 20.1 ± 12.55, 𝑃 = 0.006; group 2: resistin 7.16 ± 2.30 to 5.57 ± 2.48, 𝑃 = 0.031; leptin 16.72 ± 16.1 to 14.0 ± 13.4, 𝑃 = 0.007)
Hgb and fibrinogen levels decreased only in group 1 (Hgb 13.72 ± 1.98 to 13.16 ± 1.98, 𝑃 = 0.015, and fibrinogen 4.00 ± 1.08 to 3.46
± 0.90, 𝑃 = 0.002). Patients in both groups showed weight gain and the incidence of hypoglycemia was not lower. Discussion.The
diverse favorable effects of TZDs were not fully experienced in patients with type 1 DM. These results are suggesting that insulin
sensitizing and anti-inflammatory characteristics of TZDs were likely to be more pronounced in patients who were not totally
devoid of endogenous insulin secretion.

1. Introduction

There has been a progressive increase in the incidence of
type 1 DM, and several advances in its treatment have been
achieved. As a result, an increasing number of patients, who
are older and have longer disease durations, aremore severely
affected by chronic complications [1–3]. Chronic subclinical
inflammation, impaired fibrinolytic system activity, and ele-
vated procoagulant factor levels form the basis of atheroscle-
rotic diseases. Consequently, DM has been regarded as a
major risk factor for cardiovascular diseases [4, 5]. Insulin
resistance is characterized by limited stimulation of glucose

metabolism in muscle and the liver and has been described
in patients with poorly controlled type 1 DM [6–8].

Fatty tissue releases a number of adipocytokines associ-
ated with neuroendocrine and immune functions. Cytokines
such as leptin, resistin, and adiponectin released from these
tissues critically impact nutritional status, body fat distribu-
tion, metabolic parameters, inflammatory status, atheroscle-
rotic alterations, and insulin resistance [9]. The levels of
adiponectin, which is regarded as an antidiabetic, anti-
inflammatory, and antiatherogenic cytokine, are reported to
be depressed in patients with type 2 DM [10, 11]. However,
in some studies, increased adiponectin levels have been
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reported in patients with type 1 DM [12]. Resistin, on the
other hand, impairs cellular glucose intake, because it is
stimulated by insulin; as a result, hepatic glucose production
is increased, leading to impaired glucose tolerance and
eventual development of insulin resistance. Owing to its
augmenting effect on the production of adhesion molecules,
resistin is considered to be having proinflammatory effects in
the vascular endothelium [13, 14]. Leptin has been shown to
have important effects on both body energy balance and fat
distribution [15, 16].

Glucose uptake rates by peripheral tissues, which can
be stimulated by insulin in skeletal muscles, decrease over
time in patients with type 1 DM and poor glycemic control.
These patients have significant hepatic insulin resistance, and
the effects of insulin are impaired because of plasma free
fatty acids (FFAs) [17–19]. Despite recent advances in the
management ofDM, it has been suggested that cardiovascular
disease-related mortality rates increase as more intensive
therapies are required to ensure tight blood glucose control.
Therefore, combination therapies are required to ensure tight
glycemic control, minimize the risk ofmacrovascular disease,
and reduce other cardiovascular risk factors [20].

Thiazolidinediones (TZDs) act by binding to “nuclear
peroxisome proliferator activated receptor-gamma” (PPAR-
𝛾), which is chiefly expressed in fatty tissue, and mediate
their effects by activating the transcription of the genes that
influence adipocyte differentiation as well as glucose and
lipid metabolism [21–23]. TZDs decrease the triglyceride
concentration in 𝛽-cells, leading to improved 𝛽-cell function.
TZDs, apart from their direct effect on fatty tissue, might
influence the release of adipocyte-derived signal factors that
determine the insulin sensitivity of muscles, such as FFAs,
adiponectin, leptin, and tumor necrosis factor-alpha (TNF-
𝛼). In addition to their favorable effects on glycemic con-
trol, TZDs directly influence vessel walls, decrease vasocon-
striction, and inhibit inflammation. Therefore, they inhibit
insulin resistance and slow down the atherosclerotic pro-
cess [24–27]. In addition, it has been shown that TZDs
could inhibit hyperglycemia-induced reactive oxygen species
production from mitochondria (mtROS) by activating the
PPAR-𝛾 coactivator-1 alpha (PGC-1𝛼) pathway which could
contribute to the prevention of diabetic vascular complica-
tions [28, 29]. Agonists of PPAR-gamma and PPAR-alpha
have been shown to upregulate the heme-oxygenase- (HO-)
system which has been shown to increase insulin sensitiv-
ity, improve glucose/lipid metabolism, suppress inflamma-
tion/oxidative stress, decrease immune response, and mod-
ulate cell-growth/differentiation [30]. It has been also shown
that there were beneficial effects of the HO-system in the
pathogenesis of type 1 diabetes and related cardiometabolic
complications [31].

Although, euglycemic-hyperinsulinemic clamp study is
accepted standard for measurement of insulin sensitivity in
patients with type 1 DM, it is not practical for use and is
labor-intensive. Estimated glucose disposal rate (eGDR) is a
derived measure of insulin resistance and can be calculated
using routine clinical measures such as waist circumferences
or waist-to-hip ratio, presence of hypertension, and HbA1c
levels. As an insulin sensitivity index, it is well correlated

with results obtained from clamp studies and it should be
emphasized that lower eGDR levels indicate greater insulin
resistance [32, 33].

The purpose of the present study was to investigate the
efficacy of combined therapy of insulin and the oral antihy-
perglycemic agent rosiglitazone, a PPAR-𝛾 agonist, on blood
glucose regulation, total administered daily insulin dose,
metabolic parameters, eGDR, FFAs, inflammatory indicators,
and adipocytokine levels in patients with type 1 DM and poor
glycemic control despite intensive insulin therapy.

2. Materials and Methods

The study was conducted between March 2007 and Jan-
uary 2008 at the Clinic of Endocrinology and Metabolism
Diseases, following the approval of the Uludağ University
Medical School Ethics Committee. After providing written
consent, the patients were considered eligible based on the
following criteria: age 18–65 years, diagnosis of type 1 DM,
and a glycosylated hemoglobin (HbA1c) level >6.5% despite
40-unit (U) intensive insulin therapy, on average, for ≥6
months. Exclusion criteria were renal failure (glomerular
filtration rate <75mg/min or creatinine >1.5mg/dL), chronic
hepatic disease or aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels 2.5 times the nor-
mal values, current antidiabetic therapy other than insulin
therapy, known history of rosiglitazone allergy, stage II–IV
heart failure according to the New York Heart Association
(NYHA) classification [34], inability of the patient to enforce
strict lifestyle changes, medical nutrition therapy or self-
monitoring of blood glucose levels, ongoing or planned
pregnancy, and current lactation.

2.1. Study Protocol. This prospective, open-label, randomized
trial investigated the effectiveness of 4mg/day rosiglitazone
for 18 weeks in patients undergoing insulin therapy and with-
out acute metabolic complications in combination with strict
lifestyle changes and effective medical nutrition therapy. The
patients attended a screening visit (Visit 1) two weeks before
randomization, and they were classified into two open-label
groups, such that clinical and demographical characteristics
were similar in the two groups. The patients were evaluated
for lifestyle changes, diet and exercise compliance, and
insulin requirements. Their therapies were modified, and the
randomization visit (Visit 2) occurred two weeks later. The
patients in both groups underwent insulin titration at Visit
2, and the patients in one group had 4mg/day rosiglitazone
added to their ongoing therapy (group 1), while the patients
in the other group were monitored from that point with their
most recent insulin titration (group 2). To reduce the risk
of side effects, 4mg rosiglitazone was initially administered
in group 1. Then, the patients attended a control visit (Visit
3) four weeks after randomization and a final visit (Visit 4)
after 16 weeks. During each of the four visits, variables within
six different categories were monitored, including a detailed
physical examination; self-monitoring of BG levels; glycemic
control; therapy alterations and insulin requirements; adverse
events; and biochemical, hematological, and inflammatory
parameters, including adipocytokine levels.
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2.2. Glycemic Control and Insulin Titration. In order to mea-
sure the direct effect of rosiglitazone, administered insulin
doses were not changed unless patients developed acute
metabolic complications. Recurrent hypoglycemia, presence
of symptomatic hyperglycemia, diabetic ketosis (DK), dia-
betic ketoacidosis (DKA), and nonketotic hyperosmolar
syndrome (NKHS) were considered metabolic complica-
tions. While patients with DK, DKA, NKHS, or major
hypoglycemia were planned to be excluded from the study
and hospitalized if necessary, patients with symptomatic
hyperglycemia and recurrent minor hypoglycemia under-
went insulin titration. Patients with symptoms of polydipsia,
polyuria, weight loss, and nocturia were considered to be
having symptomatic hyperglycemia if they also had mean
BG levels >276mg/dL; minor hypoglycemia if they were
aware enough of their condition to administer self-therapy,
were symptomatic, and had BG levels <56mg/dL; or major
hypoglycemia if they were unconscious, were unable to treat
themselves, and recovered after therapy administered by
others at home or at hospital.

2.3. Laboratory Methods. Blood samples were analyzed for
fasting plasma glucose (FPG), urea, creatinine (Cr), AST,
ALT, total cholesterol (total-C), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides (TG) using an autoanalyzer
(Aeroset System Operations Manual; Abbot Laboratories,
Abbott Park, IL, USA). LDL-C levels in patients with TG
values <400mg/dL were calculated using the Friedewald
formula as follows: LDL-C = total-C − [(TG/5) + HDL-C].

HbA1c levels were measured using high performance
liquid chromatography (HPLC; BIO RADDiagnostic Group,
Hercules, CA, USA). Spot urine albumin excretion was mea-
sured by chemiluminescence immunoassay (Immulite 2500
Analyzer; Siemens, CA, USA), and creatinine levels were
measured spectrophotometrically (Aeroset System Opera-
tions Manual; Abbot Laboratories, Abbott Park, IL, USA); in
addition, the albumin/creatinine ratio (ACR) was calculated.

The eGDR was calculated as follows: 21.158 + (−0.009 ×
WC) + (−3.407 × HTN) + (−0.51 × HbA1c), where the WC
indicates the waist circumferences and HTN indicates blood
pressure and is expressed as 0: no, 1: yes. The range of clamp-
measured glucose disposal rates in the eGDR validation study
was 3.8 to 13.4, with a range of ∼9 to 11 in those with normal
insulin resistance [32].

FFA measurements were conducted using Wako NEFA-
HR [2] (WakoChemicals, GmbH,Neuss, Germany) and an in
vitro enzymatic calorimetric assay method. The measureable
range was 0.01–4.00mEq/L.

White blood cell (WBC), hemoglobin (Hgb), hematocrit
(Hct), and platelet (PLT) measurements were conducted
using Cell-Dyn 3700 (MAPSS Laser Differential; Abbott
Laboratories, Abbott Park, IL, USA).

Blood samples were collected as indicated and placed in
Westergren tubes to establish erythrocyte sedimentation rates
(ESRs) in a 1-hour period. The results were recorded as ESR
in mm/h.

Fibrinogen was measured using the Coagulation System,
Dade Behring BNII (Dade Behring Inc.,Marburg, Germany).
The measurable range was <1.8–3.5mg/L.

The solid phase enzyme linked immunosorbent assay
(ELISA) method was used with a High Sensitivity CRP
Enzyme Immunoassay (DRG International Inc., Mountain-
side, NJ, USA) for the measurement of high-sensitivity C-
reactive protein (hs-CRP). The measurable range was <0.1–
10mg/L, and intra- and interassay coefficients were 2.5% and
2.3%, respectively.

The solid phase ELISA method and a DRG Leptin
Enzyme Immunoassay Kit (DRG GmbH, Marburg, Ger-
many) were used tomeasure leptin.The expected results were
3.84 ± 1.79 ng/mL for men and 7.36 ± 3.73 ng/mL for women.
The intra- and interassay coefficients were 5.95% and 8.66%,
respectively.

Resistin was measured using the ELISA method with
Human Resistin ELISA (BioVendor, Brno, Czech Republic).
The normal range was considered to be 8.1 ± 4.0 ng/mL.
The intra- and interassay coefficients were 2.8% and 5.1%,
respectively.

Adiponectin wasmeasured using the ELISAmethodwith
a High Sensitivity Human Adiponectin ELISA kit (BioVen-
dor, Brno, Czech Republic).The normal range was dependent
upon BMI and was 9.5 ± 3.9 𝜇g/mL for men and 13.2 ±
6.1 𝜇g/mL for women. The intra- and interassay coefficients
were 4.1% and 4.0%, respectively.

2.4. Statistical Analysis. According to pilot study, a sample
size of 30 patients per group was calculated to give 80%
power to detect a difference of 6 in change from baseline
in mean adiponectin between groups at the 5% 2-sided
significance level, assuming 8 as the common SD. Statistical
analyses were conducted using SPSS for Windows (Version
22.0; SPSS Inc., Chicago, IL, USA). Continuous variables
are expressed as the mean ± standard deviation or median
(minimum-maximum), as appropriate; categorical variables
are expressed as frequencies (𝑛, %). A one-way ANOVA
was used to compare mean values for normally distributed
variables when there were more than two independent
groups, and the Kruskal-Wallis test was used when the
assumptions for parametric tests were not met. The Mann-
Whitney 𝑈 test was used for nonparametric comparison of
two groups. Paired data were analyzed using paired 𝑡-test and
the Wilcoxon signed rank test when data were not normally
distributed. For measurement at last visit, percent changes
were calculated according to baseline measurement. These
percent changes were compared. Pearson’s chi-squared was
used for comparison of the frequencies. 𝑃 < 0.05 was con-
sidered statistically significant in all tests.

3. Results

The demographic characteristics and baseline glycemic levels
are shown in Table 1.

There were no significant differences between the groups
in sex, mean age, disease duration, BW, BMI, waist cir-
cumferences, waist-to-hip ratios, FPG, HbA1c values, and
eGDR in the baseline and mean 𝑃 value was higher than
0.05 for all parameters mentioned above. eGDR was 8.53
± 2.70mg/kg/min in group 1 and 9.25 ± 3.18mg/kg/min in
group 2. Patients in group 1 had higher FPG and HbA1c and
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Table 1: Comparison of the demographic characteristics and base-
line glycemic parameters between the groups.

Characteristics
Group 1

Insulin + Ros
(n = 30)

Group 2
Insulin alone

(n = 31)
𝑃

Sex (women/men) 18/12 17/14 0.570
Age (years) 27.55 ± 8.48 27.09 ± 5.38 0.734
Diabetes duration
(years) 10 ± 4.95 9.6 ± 4.92 0.814

BW (kg) 66.59 ± 8.6 63.13 ± 8.2 0.768
BMI (kg/m2) 24.17 ± 2.62 22.97 ± 2.74 0.606
WC (cm) 83.80 ± 8.26 78.71 ± 9.11 0.135
WHR 0.85 ± 0.06 0.80 ± 0.06 0.773
FPG (mg/dL) 249.1 ± 69.5 223.2 ± 78.5 0.167
HbA1c (%) 9.22 ± 1.77 8.75 ± 1.14 0.886
eGDR (mg/kg/min) 8.53 ± 2.70 9.25 ± 3.18 0.120
BW: body weight; BMI: body mass index; WC: waist circumference; WHR:
waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; FPG: fasting plasma glucose; HbA1c: glycosylated hemoglobin; eGDR:
estimated glucose disposal rate.

slightly low eGDR, in other wordsmore insulin resistant than
group 2.

The comparisons between the final and baseline values for
each group are shown in Table 2.

The total number of patients in each group that completed
the study was 28, as two patients in each group were excluded
owing to acute metabolic complications and one patient in
group 2 was excluded owing to noncompliance with the
visit schedule. During the follow-up period, the changes in
BW and BMI were statistically significant in both groups
(𝑃 < 0.05 for group 1 and 𝑃 < 0.01 for group 2), whereas
the changes in WC and waist-to-hip ratio (WHR) were not
significant.

Systolic blood pressure (SBP) significantly decreased in
group 2; the changes in diastolic blood pressure (DBP) were
similar in both groups. Although the final FPG and HbA1c
values were lower than the baseline values in both groups,
the changes were statistically significant only in group 2.
No statistically significant differences were found in eGDR
during the study period in both groups. eGDR was 8.53 ±
2.70mg/kg/min at baseline and 8.36 ± 2.45mg/kg/min at
final visits in group 1. It was 9.25 ± 3.18mg/kg/min at baseline
and 9.22 ± 3.20 at final visits in group 2. 𝑃 value was 0.185
for group 1 and 0.235 for group 2 in terms of eGDR changes
between two visits. Urea, Cr, spot urine ACR, AST, and ALT
levels did not significantly change in either group. Of the
total-C,HDL-C, LDL-C, TG, and FFA levels, only theHDL-C
levels in group 2 significantly changed (𝑃 = 0.038).

While Hgb and HCT values did not change significantly
in group 2, a significant decrease in Hgb levels was observed
in group 1. Of the ESR, fibrinogen, and hs-CRP levels, only
fibrinogen levels significantly decreased in group 1, and the
changes in the other parameterswere not significant for either
group.

Although the resistin and leptin levels decreased sig-
nificantly and changes were statistically significant in both
groups, adiponectin levels increased but the change was not
significant. The total daily insulin doses administered during
the follow-up period are also shown in Table 2. The changes
observed both between and within the groups in total daily
insulin doses per kilogram of BW were not significant.

Comparisons between the groups for the final and base-
line values of inflammatorymarkers, adipocytokine, and FFA
levels are shown in Table 3.

The differences between the groups in ESR and hs-
CRP levels were not significant at both baseline and final
visits. However, while the difference in fibrinogen levels was
significant at the baseline visit, the values at the final visit
were not different owing to the decrease in fibrinogen levels in
group 1. Also, the differences between the groups in resistin,
leptin, and adiponectin levels were not significant at both
baseline and final visits.

Diabetes-related complications experienced by the
patients over the 18-week follow-up period are shown in
Table 4.

The mean hypoglycemia frequency was calculated by
dividing the number of total hypoglycemia episodes for all
of the patients over the 18-week period by the number of
patients, and the mean change in BW for the same period
was calculated similarly. The number of patients with acute
complications or major hypoglycemic events was expressed
as the total frequency for the group. Two patients in group
1 experienced major hypoglycemic events, while two patients
in group 2 had to be hospitalized due toDKA (Table 4).While
5.35 minor hypoglycemia episodes were experienced per
patient over the 18weeks in group 1, themeanweight gainwas
2.58 ± 3.10 kg during the same period. The patients in group
2, on the other hand, experienced 4.61 minor hypoglycemic
episodes per patient, and the mean weight gain was 1.47
± 1.53 kg during the same period. The 𝑃 value for minor
hypoglycemia was 0.437, and it was 0.142 for weight gain.
Therefore, the difference between the groups with respect
to either parameter was not statistically significant. Because
of the low number of major hypoglycemia events and acute
metabolic complications, statistical comparisons were not
possible.

4. Discussion

The combined therapy approaches used in type 2 diabetes
management have also become increasingly common in type
1 diabetes management. Furthermore, studies have demon-
strated that insulin resistance is not exclusively observed in
patients with type 2 diabetes and that it is also a critical factor
for patients with type 1 diabetes because it can be overlooked
in patients without adequate BG regulation [32, 35–38]. The
primary goals when introducing insulin-sensitizing agents
in combined therapy are ensuring good glycemic control,
decreasing insulin demand, achieving favorable effects on
cardiovascular risk factors, and minimizing alterations in
BW. Strowig and Raskin reported improved glycemic control
without an increase in insulin demand in 25 overweight
adult patients with type 1 diabetes following therapy with
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Table 2: Comparison between the baseline and final (week 16) values for each group.

Parameters
Group 1

Insulin + rosiglitazone
Group 2

Insulin alone
Baseline
(n = 30)

Final
(n = 28) 𝑃

Baseline
(n = 31)

Final
(n = 28) 𝑃

BW (kg) 66.59 ± 8.6 69.96 ± 9.29 0.003 63.13 ± 8.2 65.18 ± 8.20 0.001
BMI (kg/m2) 24.17 ± 2.62 25.69 ± 2.57 0.002 22.97 ± 2.74 23.76 ± 2.73 <0.001
WC (cm) 83.80 ± 8.26 86.61 ± 8.53 0.107 78.71 ± 9.11 80.78 ± 8.09 0.109
WHR 0.85 ± 0.06 0.85 ± 0.05 0.792 0.80 ± 0.06 0.82 ± 0.06 0.048
SBP (mmHg) 114 ± 13.63 111.6 ± 13.7 0.604 116 ± 9.37 110.5 ± 9.62 0.030
DBP (mmHg) 75.25 ± 9.24 70.83 ± 9.11 0.061 75.95 ± 7.51 72.63 ± 7.70 0.174
FPG (mg/dL) 249.1 ± 69.5 219.7 ± 97 0.460 223.2 ± 78.5 178 ± 91 0.006
HbA1c (%) 9.22 ± 1.77 9.09 ± 1.40 0.239 8.75 ± 1.14 8.46 ± 1.19 0.050
eGDR (mg/kg/min) 8.53 ± 2.70 8.36 ± 2.45 0.185 9.25 ± 3.18 9.22 ± 3.20 0.235
Urea (mg/dL) 25.50 ± 7.17 26.66 ± 6.2 0.032 25.52 ± 6.03 27.84 ± 4.96 0.042
Cr (mg/dL) 0.83 ± 0.16 0.82 ± 0.26 0.935 0.86 ± 0.12 0.90 ± 0.31 0.602
ALT (IU/L) 18.25 ± 11.4 13.55 ± 4.3 0.033 15.85 ± 9.85 17.52 ± 13.3 0.912
Total-C (mg/dL) 172.8 ± 36.2 169.0 ± 31.8 0.935 177.3 ± 33.8 170.1 ± 34.5 0.678
HDL-C (mg/dL) 45 ± 5.90 47.80 ± 9.37 0.285 47.00 ± 9.35 51.47 ± 10.60 0.038
LDL-C (mg/dL) 105 ± 27.12 98.86 ± 27.89 0.688 111.15 ± 24.17 107.45 ± 30.1 0.668
TG (mg/dL) 113 ± 77.91 111.20 ± 52.41 0.971 79.47 ± 42.95 81.57 ± 27.14 0.821
FFA (mEq/L) 0.57 ± 0.43 0.53 ± 0.28 0.913 0.49 ± 0.25 0.47 ± 0.26 0.601
ACR (mg/min) 35.50 ± 42.91 23.57 ± 17.65 0.136 19.36 ± 19.00 12.54 ± 10.72 0.667
Hgb (g/dL) 13.72 ± 1.98 13.16 ± 1.98 0.015 13.74 ± 1.64 13.61 ± 1.04 0.838
HCT (%) 40.55 ± 5.48 39.06 ± 5.42 0.067 40.53 ± 4.44 40.65 ± 2.69 0.428
Resistin 6.96 ± 3.06 4.99 ± 2.64 0.006 7.16 ± 2.30 5.57 ± 2.48 0.031
Leptin 25.8 ± 17.6 20.1 ± 12.55 0.006 16.72 ± 16.1 14.0 ± 13.4 0.007
Adiponectin 17.48 ± 10.71 19.81 ± 11.21 0.145 11.90 ± 5.23 15.98 ± 9.47 0.948
Insulin dose (units/day) 64.45 ± 16.31 65.88 ± 15.29 NS 53.33 ± 13.45 52.78 ± 11.07 NS
BW: body weight; BMI: bodymass index;WC: waist circumference;WHR: waist-to-hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG:
fasting plasma glucose; HbA1c: glycosylated hemoglobin; eGDR: estimated glucose disposal rate; CR: creatinine; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; Total-C: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; FFA:
free fatty acids; ACR: albumin/creatinine ratio; Hgb: hemoglobin; Hct: hematocrit.

Table 3: Comparisons between the groups for inflammatory marker, FFA, and serum adipocytokine levels at baseline and at the final visit
(week 16).

Parameters
Randomization visit Final visit

Group 1
Insulin + Ros

Group 2
Insulin only 𝑃

Group 1
Insulin + Ros

Group 2
Insulin only 𝑃

ESR (mm/h) 11.85 ± 11.36 10.89 ± 10.39 0.969 14.44 ± 13.14 11.00 ± 8.76 0.599
Fibrinogen (g/L) 4.00 ± 1.08 3.46 ± 0.90 0.047 3.46 ± 0.90 3.11 ± 0.92 0.271
hs-CRP (mg/L) 2.32 ± 2.64 1.41 ± 1.69 0.361 1.76 ± 1.14 1.76 ± 2.31 0.443
FFA (mEq/L) 0.57 ± 0.43 0.49 ± 0.25 0.917 0.53 ± 0.28 0.47 ± 0.26 0.518
Resistin (ng/mL) 6.96 ± 3.06 7.16 ± 2.30 0.489 4.99 ± 2.64 5.57 ± 2.48 0.650
Leptin (ng/mL) 25.8 ± 17.6 16.72 ± 16.1 0.130 20.1 ± 12.55 14.0 ± 13.4 0.724
Adiponectin (𝜇g/mL) 17.48 ± 10.71 11.90 ± 5.23 0.760 19.81 ± 11.21 15.98 ± 9.47 0.091
Ros: rosiglitazone; ESR: erythrocyte sedimentation rate; hs-CRP: high-sensitivity C-reactive protein; FFA: free fatty acids.
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Table 4: Complications observed in the groups.

Complication Group 1
Insulin + Ros

Group 2
Insulin 𝑃

Minor hypoglycemia events
experienced per patient 5.35 4.61 0.437

Major hypoglycemia events 2 — NA
Acute metabolic complication
DK/DKA/NKNAHS — 2 NA

Mean weight gain (kg) 2.58 ± 3.10 1.47 ± 1.53 0.142
Ros: rosiglitazone; DK: diabetic ketosis; DKA: diabetic ketoacidosis;
NKNAHS: nonketotic nonacidotic hyperosmolar syndrome; NA: not avail-
able.

4mg rosiglitazone twice a day for 8 months [39]. Although
patients in both groups in the present study had decreased
FPG and HbA1c levels, the changes were not significant.
Baseline glucose and HbA1c values were higher in the
patients receiving rosiglitazone; however, the differences in
the changes between the groups were not significant. In a
study conducted by Stone et al. [40], 36 patients with type
1 diabetes whose daily insulin requirement was >1.1 U/kg
were administered 8mg/day rosiglitazone. The investigators
reported that the change in HbA1c levels was not significant
when compared with the placebo group.

For decades, type 1 diabetes has been traditionally known
as insulin-dependent, while type 2 has been known as
noninsulin-dependent diabetes. However, it is becoming
increasingly clear that insulin deficiency and insulin resis-
tance are manifested in both forms of diabetes at different
stages. Unlike other studies [39, 40] which investigate the
effects of TZDs on insulin resistance and consist of obese or
overweight patients with type 1 DM, almost all of the patients
were lean in present study. eGDR is a validated clinical tool
for estimating insulin sensitivity in patients with type 1 DM. It
was near normal at baseline and did not change significantly
during our study period in both groups. This result was
important to show effects of rosiglitazone, except insulin-
sensitizing characteristics. Thus, it can be thought that the
effects of rosiglitazone observed in present study were not
associated with insulin sensitivity. One of the known major
effects of these drugs is on oxidative stress andmitochondrial
ROS production. These effects may be key factors during
the development of diabetic vascular complications. It has
been shown that TZDs could inhibit hyperglycemia-induced
mtROS and contribute to the prevention of diabetic vascular
complications [41]. Although there were some studies inves-
tigating these effects in patients with type 2 DM, it is unclear
in patients with type 1 DM. It is obvious that there is a need to
investigate this effect in prospective cohort studies composed
of patients with type 1 DM. In addition, agonists of PPAR-
gamma might increase insulin sensitivity via upregulating
heme-oxygenase-system. The HO-system and related prod-
ucts have been shown to decrease inflammation and enhance
insulin sensitivity. More importantly, in experimental models
of type 1 DM, upregulating HO-system caused increase in
pancreatic beta cell insulin production. Beneficial effects of
TZDs on insulin resistance and inflammation resulting from

HO-system have been studied in patients with both type 2
and type 1 DM [30, 31, 42]. These developments may offer
new options, either prevention of disease or development of
the complications.

We observed significant BW and BMI changes in all
patients at the final visit compared with baseline values.
However, weight gain did not significantly differ between
the baseline and final visits. The most significant side effect
of TZDs, particularly when combined with sulfonylurea and
insulin, is weight gain. TZDs increase overall fat tissue, and
the most affected area is subcutaneous fat tissue. Another
major cause of TZD-related weight gain is increased water
and salt retention, which leads to increased plasma volume.
Consequently, these drugs might lead to complications in
patients with heart failure. Edema is caused by depressed
renal sodium excretion and free water retention [43–45].
Sotton et al. reported a 10% increase in left ventricular
mass without significant alterations in cardiac structure and
function in patients undergoing rosiglitazone therapy. They
attributed it mainly to the increase in plasma volume [46].
Although we observed weight gain in our patient groups in
this present study, no patient had heart failure. Moreover,
peripheral edema or dyspnea was not among the adverse
events reported by our patients. This could be attributed
to the relatively young mean age in our sample or to the
fact that heart failure at baseline was among the exclusion
criteria. Furthermore, no patient in this cohort had diabetic
nephropathy that could lead to edema, which might have
decreased the risk for edema.

The hypoglycemic effects of TZDs include increased
insulin sensitivity that is mediated through TG and FFA
metabolism and is associated with the agonistic effects of
PPAR-𝛾. Increased FFA levels lead to insulin resistance
and fasting plasma FFA levels in patients with type 2 dia-
betes administered TZD might decrease by 20–30%. PPAR-
𝛾 activation impairs TG and fatty acid synthesis, leading
to decreased very-LDL-C and HDL-C synthesis as well as
increased LDL-C and total-C levels [47, 48]. The patients in
the present study with BMI and WC levels in the normal
range had baseline TG and HDL-C levels within the desired
range, and the LDL-C levels in all patients were close to
100mg/dL. While slight decreases in total-C, LDL-C, TG,
and FFA levels were noted in the patients receiving rosigli-
tazone at the end of the present study, HDL-C levels had
increased slightly. Patients receiving only insulin had similar
values to those in the combined therapy group except for
slightly higher TG levels, although this was not statistically
significant. Comparisons within and between the groups did
not show significant differences. We suggest that the strict
enforcement of lifestyle changes during the follow-up period
might have contributed to these results.

TZDs have been demonstrated to have significant anti-
inflammatory characteristics in studies conducted onpatients
with type 2 diabetes. Calkin et al. reported that rosiglitazone
reduces diabetes-related atherosclerosis and that this effect is
possibly associated with oxidative stress and inflammation,
independent of metabolic effects, unrelated to the insulin
dose [49]. In particular, the Diabetes Control and Compli-
cations Trial, as well as a number of other studies, revealed
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that hs-CRP levels increased in patients undergoing intensive
therapy. Furthermore, hs-CRP and increased fibrinogen lev-
els are independent risk factors for coronary heart disease,
and a number of studies have reported elevated fibrinogen
levels in patients with diabetes [50, 51]. The ESR levels in
the present study were within the normal range at baseline,
and they continued to be so until the end of study. While
hs-CRP levels decreased with respect to baseline values in
the patients receiving rosiglitazone in the present study, they
increased slightly in the patients receiving insulin alone. To
the best of our knowledge, this is the first study to measure
fibrinogen levels in patients with type 1 diabetes after rosigli-
tazone administration. The levels decreased significantly in
these patients, while the patients undergoing therapy with
insulin alone showed minimal decreases in fibrinogen levels.
Independent of the improvement in BG regulation, levels of
hs-CRP and fibrinogen, which are conventional inflamma-
tory markers, decreased significantly following rosiglitazone
therapy in the present study.

Plasma leptin levels are positively correlated with female
sex, BMI, and age but not with diabetes duration, HbA1c,
or total insulin dose per kilogram [52]. Most patients with
type 1 diabetes are either underweight or in the normal BW
range. Data concerning leptin levels in this group of patients
vary, and exogenous insulin therapy leads to elevated leptin
levels in patients with type 1 diabetes [53, 54]. Resistin, which
is released from adipose tissue, is directly associated with
insulin resistance factors such as WC and WHR. Shalev et
al. reported increased serum resistin levels in patients with
type 1 diabetes and reported that levels returned to the normal
range after pancreas transplant [55, 56]. The patients in the
present study had normal BW, BMI, and WC. The leptin
levels were within the normal range at both baseline and
final visits. While no significant differences were observed
between the groups at the baseline or final visit or in the
change between the visits, the within-group changes during
the follow-up periodwere significant, despite the weight gain.
Resistin levels were low in both groups, and the change in
the patients receiving rosiglitazone was significant, despite
weight gain, and was associated with the favorable effects of
rosiglitazone.

Adiponectin has been shown to have positive effects on
cardiometabolic risk, and adiponectin levels are negatively
correlated with insulin resistance and weight gain. Moreover,
good glycemic control increases adiponectin levels, whereas
poor glycemic control decreases adiponectin levels [57, 58].
In the CACTI trial, Maahs et al. reported negative cor-
relations between adiponectin levels and male sex, central
adiposity, SBP, DBP, daily insulin dose, HbA1c, fibrinogen,
albumin excretion rate, and TG levels; positive correlations
were noted with type 1 diabetes, HDL-C, and homocysteine
[59]. In the present study, adiponectin levels increased par-
allel to glycemic improvement both in patients undergoing
combined therapy and in those receiving insulin therapies
alone. Thus, the increase was independent of the therapy.

In conclusion, the diverse favorable effects of TZDs
previously reported in patients with type 2 diabetes were
not fully experienced in patients with type 1 diabetes in
the present study. The addition of 4mg/day rosiglitazone

to intensive insulin therapy did not significantly improve
glycemic parameter, lipid parameter, FFA, ESR, hs-CRP, lep-
tin, or resistin levels. Only fibrinogen levels were significantly
different between the groups. Patients receiving rosiglitazone
showed weight gain, a major side effect of TZDs, whereas
insulin sensitivity was not significantly different and the inci-
dence of hypoglycemia was not lower. HbA1c, FPG, and total
daily insulin doses decreased significantly after combination
therapy with TZD and insulin in patients with type 2 diabetes
mellitus, suggesting that the insulin-sensitizing characteris-
tics of TZDs are likely more pronounced in patients who are
not totally devoid of endogenous insulin secretion.

We acknowledge the limitations of the current study
including single centre experience and small sample size.
Patients treated in our series did not appear to have driven any
meaningful benefit from combination therapy. Due to small
number of patients included in study, prospective clinical
trials are however required to define optimal treatment
regimens. Clinical prognostic factors evaluated in our series
may be useful for stratification and eligibility considerations
in future clinical trials.
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Growth differentiation factor-15 (GDF-15) is a stress responsive cytokine. It is highly expressed in cardiomyocytes, adipocytes,
macrophages, endothelial cells, and vascular smooth muscle cells in normal and pathological condition. GDF-15 increases during
tissue injury and inflammatory states and is associated with cardiometabolic risk. Increased GDF-15 levels are associated with
cardiovascular diseases such as hypertrophy, heart failure, atherosclerosis, endothelial dysfunction, obesity, insulin resistance,
diabetes, and chronic kidney diseases in diabetes. IncreasedGDF-15 level is linked with the progression and prognosis of the disease
condition. Age, smoking, and environmental factors are other risk factors that may increase GDF-15 level. Most of the scientific
studies reported that GDF-15 plays a protective role in different tissues. However, few reports show that the deficiency of GDF-15 is
beneficial against vascular injury and inflammation. GDF-15 protects heart, adipose tissue, and endothelial cells by inhibiting JNK
(c-Jun N-terminal kinase), Bad (Bcl-2-associated death promoter), and EGFR (epidermal growth factor receptor) and activating
Smad, eNOS, PI3K, and AKT signaling pathways. The present review describes the different animal and clinical studies and patent
updates of GDF-15 in diabetes and cardiovascular diseases. It is a challenge for the scientific community to use GDF-15 information
for patient monitoring, clinical decision-making, and replacement of current treatment strategies for diabetic and cardiovascular
diseases.

1. Introduction

Prevalence of diabetes is reaching epidemic proportions in
young people due to increase in life expectancy, sedentary
life style, and obesity. Adults with diabetes and obesity are
more prone to cardiovascular complications (World health
statistics 2014). As per the International Diabetic Federation
(IDF) diabetes atlas (Sixth edition 2013), the number of
people with diabetes is 382 million and it is going to rise to
592 million by 2035. Global burden of diabetes is huge and
548 billion dollars was spent in 2013. In India, approximately
65.1 million people are with diabetes [1]. The prevalence,
incidence, and mortality of cardio vascular diseases are 2–
8-fold higher in persons having diabetes than those without
diabetes [2].

Diabetes is characterized by high glucose level in blood
due to either less insulin secretion from pancreas or develop-
ing insulin resistance in skeletal muscle. Diabetes is catego-
rized into many types; however, two major types of diabetes
are type 1 diabetes (T1DM) and type 2 diabetes (T2DM).
T1DM is an autoimmune disease and result of autoimmune
destruction of 𝛽 cells. Thus patients with T1DM are not
able to secrete sufficient insulin in blood or totally lose
insulin secretary capacity. T2DM is the commonest form and
it is characterized by insulin resistance mostly in skeletal
muscle and deficiency of insulin release at end stage. In
general, T2DM causes elevation of blood glucose level and
other components of metabolic syndrome. Parameters of
metabolic syndrome are elevated blood pressure, elevated
triglycerides, reduced high density lipoprotein levels, and
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abdominal obesity. An increase in adipose tissue (abdomen
obesity) results in elevation of adipokines, that is, free
fatty acids (FFA), tumor necrosis factor (TNF-𝛼), C-reactive
protein (CRP), interleukin-6 (IL-6), plasminogen activa-
tor inhibitor-1 (PAI-1), adiponectin, and leptin. Adipocy-
tokines integrate the endocrine, autocrine, paracrine signals
to mediate the insulin sensitivity, oxidative stress, energy
metabolism, blood coagulation, and inflammatory responses.
Elevated levels of FFA induce insulin resistance and increase
fibrinogen and PAI-1. In the long run, high FFA and glu-
cose together impair beta cell function through lipotoxicity
and glucotoxicity and develop macro- and microvascular
complications [3, 4]. Recently GDF-15 was identified as one
of the important plasma markers, which correlates with
cardiometabolic syndrome.

Growth differentiation factor-15 (GDF-15) is a member
of the transforming growth factor-𝛽 (TGF-𝛽)/bone morpho-
genetic protein (BMP) super family. GDF-15 is also known
as macrophage inhibiting cytokine 1 (MIC-1), placental
transformation growth factor (PTGF-𝛽), prostate derived
factor (PDF), placental bonemorphogenetic protein (PLAB),
NSAID activated gene-1 (NAG-1), and PL74 [5, 6]. Ini-
tially GDF-15 was reported to inhibit TNF-𝛼 production in
lipopolysaccharide-stimulated macrophages and thus named
as macrophage inhibitory cytokine-1(MIC-1) [7]. However,
Subsequent studies did not confirm the same concept of
macrophage suppression [8].

GDF-15 is produced as 𝑎 ≈ 40 kDa propeptide form. The
N terminus is cleaved and released as 𝑎 ≈ 30 kDa disulphide
linked dimeric active protein form [9]. GDF-15 is a growth
factor whose expression increases with age. Biologic age is
related to the several markers such as oxidative stress, protein
glycation, inflammation, and hormonal changes. Many of
these stresses induceGDF-15 expression by either p53 or early
growth response protein -1 (EGR-1) transcription factors [10–
12]. GDF-15 levels are also affected by environmental factors
independently of genetic background. One study found that
GDF-15 level is a novel and powerful predictor of all-cause
mortality in general population and independent of several
markers associated with mortality risk including age, body
mass index (BMI), smoking history, IL-6, CRP, and telomere
length [13].

Higher level of GDF-15 is associated with increased
cardiovascular and noncardiovascular mortality; it plays
pivotal role in development andprogression of cardiovascular
diseases such as heart failure, coronary artery diseases,
atrial fibrillation, diabetes, cancer, and cognitive impairment
(Figure 1) [14, 15]. Increased GDF-15 expression is a feature of
many cancers including breast, colon, pancreas, and prostate.
Many epithelial tumor cell lines secrete high levels of GDF-
15. Several studies showed that higher expression of GDF-
15 mRNA and protein was found in cancer biopsies [16–18].
High expression ofGDF-15 in tumor is also associatedwith an
increase in serum GDF-15 levels, suggesting the use of serum
GDF-15 measurement for the diagnosis and management of
cancer [9, 18–20]. In this present review, we described all
studies on GDF-15 that reports its role in diabetes and cardio-
vascular diseases.We explained howGDF-15 could be used as
a prognostic and diagnostic biomarker for cardiometabolic
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Figure 1: Role of GDF-15 in different diseases conditions. GDF-
15 plays an important role to modulate metabolic, cardiovascular,
obesity, cancer, and chronic disease.

diseases. We have also looked into the potential of GDF-15 as
a novel target for diabetes and cardiovascular diseases.

2. GDF-15 Expression and Release

GDF-15 is highly expressed in the placenta and prostate
but also expressed in heart, pancreas, liver, kidney, and
colon [6, 46, 47]. It is a stress-induced cytokine and also
releases from macrophages [48], vascular smooth muscle
cells [49], cardiomyocytes, adipocytes [50], and endothelial
cells [51] after tissue injury, anoxia, and proinflammatory
cytokines responses. GDF-15 plays a role as an endocrine
factor if present in circulation [52]. GDF-15 highly expressed
in response to different kinds of cytokines and growth
factors like interleukin-1𝛽 (IL-1𝛽), TNF-𝛼, angiotensin II,
macrophage colony stimulating factor (M-CSF), and TGF-𝛽.
Tumor suppressor protein p53 also induces GDF-15 and thus
acts as a growth inhibitory molecule in tissue [7, 46, 47, 53].
GDF-15 expression is highly induced in cardiomyocytes after
ischemia/reperfusion [53]. Increased expression of GDF-
15 was observed in the mouse and human heart within
hours after myocardial infarction and remains elevated in
the infarcted myocardium for several days. Cardiomyocytes
in the infarct border zone have been identified as the main
source of GDF-15 [54]. There is a controversy regarding the
production sites of GDF-15 during heart failure conditions.
Although GDF-15 is strongly released from the infracted
human heart [54], it may also be released from macrophages
[48]. Lok et al. reported that there is no evidence for the
myocardial expression ofGDF-15 in patients having advanced
nonischemic heart failure. However, the circulating GDF-
15 levels were increased the same as cardiac troponin and
natriuretic peptides levels in serum.This study indicates that
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Table 1: List of human studies dealing with GDF-15 levels in obesity and diabetes.

Disease/population/follow-up period Sample size Major findings Reference
T1DM patients with diabetic nephropathy
(8.1 years) 451 GDF-15 can be used to detect faster deterioration of

kidney function [21]

Obese nondiabetic (XENDOS) trial
(4 years follow Up period) 496

GDF-15 is altered among patients having abdominal
obesity and insulin resistance and independently
associated with future insulin resistance and abnormal
glucose control

[22]

Morbidly obese patients 118
GDF-15 changes following bariatric surgery suggest an
indirect relationship between GDF-15 and insulin
resistance

[23]

Type 2 diabetes (whitehall II study)
(11.5 ± 3.0 years follow up period) 552 Baseline GDF-15 concentrations were increased in

individuals before type 2 diabetes manifestation [24]

Patients with obesity and/or obesity and
type 2 diabetes mellitus 54 Elevated GDF-15 levels in patients with obesity are

further increased by the presence of T2DM [25]

Preeclampsia and diabetic pregnancies 267 GDF-15 is dysregulated, both in preeclampsia and in
diabetic pregnancies [26]

Patients with T2DM included in screened
for the presence of diabetic cardiomyopathy
(DC)

T2DM (𝑛 = 213)
GDF-15 represents a useful and novel tool to screen
diabetic cardiomyopathy (DC) in patients with type 2
DM

[27]

Diabetic nephropathy

T2DM (𝑛 = 30),
microalbuminuria

(𝑛 = 20),
macroalbuminuria
(𝑛 = 30) patients

Suggesting its value in early diagnosis, evaluation, and
prediction of the outcomes of type 2 diabetic
nephropathy

[28]

GDF-15 may also be released outside of the heart [55, 56].
Strelau et al. reported that GDF-15 is highly expressed in
the central nervous system (CNS) and peripheral nervous
system (PNS), mainly in the choroid plexus and is secreted
into the cerebral spinal fluid (CSF) [57]. Wiklund et al.
have stratified the blood GDF-15 levels into three cate-
gories, that is, normal (<1200 pg/mL), moderately elevated
(1200–1800 pg/mL), and highly elevated (>1800 pg/mL).They
reported that 61% people survived when GDF-15 levels were
more than 1800 pg/mL−1 [13].

3. GDF-15, Obesity, and Diabetes

Obesity is a risk factor for diabetes and cardiovascular dis-
eases. Excess body weight is associated with increased health
problems and cause increased cardiovascular morbidity and
mortality [58]. GDF-15 released frommacrophages, liver and
white adipose tissuemay act as ametabolic regulator. GDF-15
acts as adipokine like adiponectin and leptin [50] and thus has
also been termed as cardiokine [59]. Adipokines, in general,
regulate the lipid and glucose metabolism, increase insulin
sensitivity, regulate food intake and body weight, and protect
from chronic inflammation in adipose tissue [3]. Recently
Macia et al. found that GDF-15 decreases food intake, body
weight, and adiposity and improves glucose tolerance in
normal and obesogenic diets [60]. Several human studies
dealing with GDF-15 levels in obesity and diabetes are shown
in Table 1. Serum GDF-15 levels were increased in obese
and type 2 diabetic women and correlated with body mass
index (BMI), body fat, glucose, and C-reactive proteins
[50]. Vila et al. reported that median interquartile range

(IQR) plasma GDF-15 was 427 (344–626) ng/mL in obese
patients as compared to the controls 309 (275–411) ng/mL.
Increased GDF-15 levels are strongly associated with waist
to height ratio, age, arterial blood pressure, triglycerides,
creatinine, glucose, insulin, glycated hemoglobin (HbA1c),
and C-peptide. Age, insulin resistance, and creatinine were
independent predictors of GDF-15 in obese patients [23].
Recently Chrysovergis et al. reported that GDF-15 is a novel
therapeutic target in preventing and treating obesity and
insulin resistance by modulating metabolic activity through
increased expression of key thermogenic and lipolytic genes
in brown adipose tissue (BAT) and white adipose tissue
(WAT) [61].

Hyperglycemia is one of the main chronic symptoms
of diabetes. In hyperglycemic conditions, increased reactive
oxygen species (ROS) formation leads to cellular injury and
cell death [61, 62]. Increased ROS generation in HUVEC cells
can cause apoptosis by inhibiting the PI3 K/AKT/eNOS/NO
pathway and activation of NF-𝜅B/JNK/caspase-3 pathway
[63]. Li et al. proved that increased GDF-15 protects endothe-
lial cells against high glucose induced cellular injury by
activating PI3 K/AKT/eNOS signaling pathway and atten-
uating NF-𝜅B/JNK activation. Nitric oxide production was
significantly lower in GDF-15 siRNA transfected HUVEC
cells. This study concluded that GDF-15 plays protective role
against cell apoptosis through PI3K/Akt/eNOS pathway but
not ERK1/2 and SMAD2/3 (Figure 2) [5]. They found that
high glucose increases GDF-15 expression and its secretion,
which modulates cell apoptosis in negative feedback manner
[5]. As discussed before, GDF-15 is expressed by the adipose
tissue through p53, a transcriptional factor that links GDF-15



4 Journal of Diabetes Research

GDF-15

NF-𝜅B

JNK

Caspase-3

PI3K
ERKAKT

Bad
eNos

NO

Smad
1,5,8

Bcl-xL
𝛽-catenin

ApoptoticHypertrophicAntihypertrophic Antiapoptotic

ALK 1/2/3/6 ALK 4/5/7 EGFR

GDF-15

NE

Cardioprotection

AKT

Apoptotic Cytoprotection

Membrane

Smad2,3

Smad6,7

Smad4

Figure 2: GDF-15 regulates signaling pathways essential for car-
dioprotection. GDF-15 shows cardioprotective effect through acti-
vation of ALK type 1 receptors (ALK 1–7) and phosphorylation of
Smad2/3 and Smad1/5/8. After phosphorylation, Smad translocates
to the nucleus in the form of heteromeric complex with Smad
4 and activates antihypertrophic pathway. GDF-15 also activates
PI3 K/AKT/eNOS/NO pathway and shows cardioprotection. GDF-
15 inhibits epidermal growth factor receptor (EGFR) transactivation
and NF-𝜅B/JNK/caspase-3 pathway to show its cardioprotective
effect.

with obesity and insulin resistance. Expression of GDF-
15 is controlled by both p53 dependent and independent
mechanisms [46, 64]. Li et al. explained that increase in
GDF-15 expression by high glucose in HUVEC cells was
p53 dependent pathway. Inhibition of high glucose-induced
p53 accumulation by p53 siRNA abolished GDF-15 induction
[5]. Obesity promotes p53 activation in adipose tissue and
leads to increased production of proinflammatory cytokines,
insulin resistance, and diabetes. GDF-15 expression is rapidly
induced by proinflammatory cytokines and thus serves as a
marker for inflammation in adipose tissue [22, 25, 50, 65].
Insulin resistance and increased GDF-15 both are associated
with endothelial dysfunction. The endothelial dysfunction
may lead to metabolic derangement, inflammation. and vas-
cular injuries and is associated with increased cardiovascular
complications [22]. Increased glucose level in urine and
decreased expression of glucose transporters (Glut 1, Glut
2, SGLT 1, and SGLT 2) was observed in type 2 diabetic
GDF-15 knockout mice. Similar increased urinary volume
was observed in streptozotocin (STZ) induced mice without
any alteration of glucose transporters. GDF-15 expressionwas
upregulated within the first 7 days of STZ induced diabetic
rats and mice [66]. Khan et al. explained in their study
that GDF-15 but not NT-proBNP is raised in patients who
have diabetes. Diabetes independently influences the levels of
GDF-15 [29]. XENDOS study reported that plasma GDF-15
levels are positively associated with HOMA-IR, an index of
insulin resistance [22].

Activated macrophages will secrete proinflammatory,
chemotactic cytokines, and chemokines that impair 𝛽 cells
function, insulin sensitivity, and infiltration of monocytes
into the tissues [24, 67]. Several studies reported that num-
bers of macrophages were increased in pancreatic islets in
type 2 diabetic patients [68]. GDF-15 concentration in plasma

was increased in individuals with early stages of T2DMman-
ifestation. Dostalova et al. reported that serum concentration
of GDF-15 was increased approximately 1.2- and 2-fold in
obese and T2DM women patients, respectively, compared
to control subjects. Serum GDF-15 levels are positively
correlated with body weight, body fat, triglyceride, glucose,
HbA1c, and C-reactive protein [25]. Sugulle et al. observed
that plasma GDF-15 levels was elevated in preeclampsia
(5978 median (3822–15652 IQR) ng/L) and superimposed
preeclampsia in diabetes mellitus (6002 (4230–11830) ng/L)
compared to the control subjects (3710 (1860–6266) ng/L)
[26]. However some group of scientists believed that it
is not associated with the incident type 2 diabetes rather
its increase in plasma might be part of anti-inflammatory
response for the onset of diabetes [24]. Scientific data showed
that serum GDF-15 could be a potential marker to identify
individuals who are at risk for diabetes and obesity. However,
a longitudinal study should be done where we can identify
the early stage of a disease when GDF-15 level starts to
increase in serum. More research needs to be carried out
to find if administration of GDF-15 has any role to reduce
inflammation or early pathological changes in diabetes and
obesity.

4. GDF-15 and Cardiovascular Diseases

Cardiovascular (CV) diseases, that is, atherosclerosis, hyper-
tension, hypertrophy or heart failure, myocardial infarction
(MI), coronary artery disease (CAD), or stroke, are the most
prevalent diseases and major cause of the death worldwide
[69]. Aging, diabetes, and other risk factors will increase the
disease progression by inducing left ventricular hypertrophy,
endothelial dysfunction, hypertension, and vascular diseases
[65]. GDF-15, the first TGF-𝛽 protein family, plays a car-
dioprotective role in the adult heart through activation of
Smad2, Smad3, and ALK4/5/7 receptors [70]. GDF-15 is not
expressed in heart under normal physiological conditions but
increases rapidly in response to cardiovascular injury, such
as pressure overload, heart failure, ischemia/reperfusion,
and atherosclerosis [54, 71]. Several human studies dealing
with GDF-15 levels in cardiovascular diseases are shown in
Table 2. GDF-15 showed antiapoptotic effect against ischemia
reperfusion (I/R) and reduced the size of myocardial infarc-
tion (MI). GDF-15 activates Smad1 and reduces apoptotic
cell death through upregulation of Bcl-xL and 𝛽-catenin.
Similarly, BMP-2 also exerts antiapoptotic effect through
activation of Smad1. GDF-15 and BMP-2 show similarities in
their primary structure and Smad activation. GDF-15 is more
close to the BMP-2 family than the TGF-𝛽 subfamily. BMP-2
activates ALK-2/3/6 and phosphorylates Smad1/5. Similarly,
GDF-15 activates type I receptors and Smad1/5 [70]. All these
signaling pathways regulated by GDF-15 are responsible for
cardioprotection (Figure 2).

GDF-15 predicts adverse outcomes in patients with acute
chest pain,MI, or chronic angina [29, 30, 45, 72]. GDF-15 is an
emerging biomarker, as it is elevated in early subclinical dis-
ease and has prognostic utility for cardiovascular events and
mortality [37]. Recent findings showed that GDF-15 levels
were associated with lower left ventricular ejection fraction
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Table 2: List of human studies dealing with GDF-15 levels in cardiovascular diseases.

Disease/population/follow-up period Sample size Major findings Reference

Acute myocardial infarction [AMI] 1142

GDF-15 is a prognostic marker of death and HF in
patients with AMI Multimarker approach with GDF-15
and NT-pro-BNP is more informative than either
marker alone and may be useful for risk stratification in
AMI patients

[29]

Acute coronary syndrome [ACS]
(PROVE IT-TIMI 22) 3501 GDF-15 is altered with recurrent events after ACS.

GDF-15 may be used as a prognostic marker in ACS
[30]

Human model of acute muscle wasting
following cardiac surgery 42

GDF-15 is a potential novel factor associated with
muscle atrophy, which may become a therapeutic target
in patients with ICU acquired paresis and other forms
of acute muscle wasting

[31]

Non–ST-elevation ACS (FRISC-II) trial
(2 years) 2079

GDF-15 is a potential tool for risk stratification and
therapeutic decision making in patients with
non-ST-elevation acute coronary syndrome

[32]

General adult population
(Dallas Heart Study)
(7.3 years follow up period)

3219 GDF-15 is independently marker for subclinical
coronary atherosclerosis and mortality

[33]

Framingham Offspring
cohort participants
(9.5 years follow up period)

2614
Higher circulating GDF-15 was observed with incident
renal outcomes and improves risk prediction of
incident chronic kidney diseases (CKD)

[34]

Hypertensive left ventricular hypertrophy
(H-LVH), hypertensive cardiomyopathy
(HCM)

149 GDF-15 might be a useful biomarker for discriminating
HCM from H-LVH

[35]

Patients with preclinical diastolic
dysfunction or heart failure with normal
ejection fraction (HFnEF)

119
GDF-15 levels are elevated in subjects with HFnEF and
can differentiate normal diastolic function from
asymptomatic LVDD

[36]

Patients with stable ischemic heart disease
(Heart and Soul study)
(8.9 yrs follow-up period)

984
Higher GDF-15 level was observed with major
cardiovascular (CV) events in patients with stable
ischemic heart disease

[37]

Untreated hypertensive patients 299 Plasma GDF-15 level was increased with LVH in
hypertensive patients

[38]

71-year-old men
(ULSAM study) 940

In elderly men, GDF-15 improves progression of both
cardiovascular, cancer mortality, and morbidity beyond
established risk factors and biomarkers of cardiac, renal
dysfunction, and inflammation

[39]

Heart failure
(Val-HeFT study) 1734 Providing independent prognostic information in heart

failure
[40]

Coronary artery diseases (CAD) CAD (𝑛 = 348) and
(𝑛 = 205) controls

Significant differences of GDF-15, IMA, and PAPP-A in
patients with CAD. GDF-15 might be associated with
severity of CAD

[41]

Coronary Artery Bypass Grafting with
Cardiopulmonary Bypass 34 patients GDF-15 levels were increased substantially and it is

associated with the renal and cardiac biomarkers
[42]

Patients on maintenance hemodialysis
Hemodialysis
(𝑛 = 87), and

controls (𝑛 = 45)

Relation between GDF-15, mortality, and carotid artery
thickening suggests that GDF-15 may be a novel marker
of atherosclerosis, inflammation, and malnutrition in
hemodialysis patients

[43]

ST segment elevation myocardial infarction
(STEMI) (3 years)

Patients with
STEMI
(𝑛 = 216)

High GDF-15 level is a strong predictor of death and
heart failure in patients with STEMI. Although patients
with higher GDF-15 levels tend to have lower LV
ejection fraction

[44]

Acute chest pain
(APACE study) 646 GDF-15 is a better predictor of mortality than of

nonfatal CV events
[45]
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(LVEF), worse diastolic function, greater inducible ischemia,
and lower exercise capacity. GDF-15 is also correlated with
NT-proBNP, reduced plaque burden, left ventricular mass,
concentric left ventricular hypertrophy, coronary artery dis-
ease, and heart failure [37, 73]. Role of GDF-15 in different
cardiovascular diseases condition is described below.

4.1. Hypertrophy. Cardiac hypertrophy is typically character-
ized by enlargement of the heart associated with an increase
in cardiomyocyte cell size in response to physiological stimuli
such as exercise and pathophysiological stimuli such as
hypertension, ischemic heart diseases, valvular insufficiency,
infectious agents, or mutations in sarcomeric genes [71].
Hypertensive patients are more prone to left ventricular
hypertrophy (LVH). LVH is an early change for the cardiac
damage in hypertension [74]. The prevalence of LVH in
hypertensive patients was about 25% to 35% inChina [75, 76].
It has been shown that LVH increases the risk of stroke,
coronary heart disease, congestive heart failure, arrhythmias,
and sudden cardiac death. All these are associated with car-
diovascular morbidity and mortality, as all-cause mortality
[77, 78]. Serum GDF-15 levels in hypertensive patients were
significantly higher than in healthy volunteers and positively
correlated with the thickness of the posterior wall of the
left ventricle, interventricular septum, and left ventricular
mass, as well as the serum level of norepinephrine [79].
Plasma GDF-15 levels in hypertensive patients with LVH
was higher than those hypertensive patients without LVH.
They observed positive correlation between plasma GDF-
15 levels and LVH in hypertensive patients which indicates
that GDF-15 may be involved in the development of LVH
in hypertension [79]. Hantani et al. found that GDF-15
might be a useful biomarker for discriminating hypertrophic
cardiomyopathy (HCM) from hypertensive left ventricular
hypertrophy (H-LVH). It was also observed that serum
GDF-15 levels were significantly higher in patients with H-
LVH than with HCM, and thus GDF-15 is an independent
predictor of H-LVH.The data suggest that GDF-15 levels may
help to introduce different treatment strategies for treating
HCM and H-LVH [80]. One of the recent studies shows
that GDF-15 is an autocrine/paracrine factor that attenuates
the cardiac hypertrophy in experimental models via SMAD
and kinases (PI3 K and ERK) signaling pathways. This study
indicates that GDF-15 works through activation of SMAD
protein and kinases, that is, PI3 K and ERK mechanism [71].

Intracellular mechanism of TGF-𝛽 family is divided
into Smad dependent and Smad independent pathway. This
intracellularmechanism is determined by the type 1 receptors
(ALK1 to 7). GDF-15 activates type 1 receptor and phos-
phorylates Smad2/3 and Smad1/5/8, which translocate to the
nucleus in the form of heteromeric complex with Smad4
[70]. Smad4 is a common transcriptional mediator of the
Smad dependent pathway. Wang et al. reported that heart
specific deletion of smad4−/−(smad4−/−mice) showed greater
cardiac hypertrophy and heart failure [55]. Xu et al. suggested
that Smad dependent pathway can inhibit apoptosis and
shows protection against hypertrophy and fibrosis [79]. Xu
et al. proposed a protective mechanism of GDF-15 against

cardiac hypertrophy and cell death through Smad protein
activation. It was explained in the study that GDF-15 shows
TGF-𝛽/activin-like response through Smad2/3.While Smad2
overexpression showed the similar beneficial effects of GDF-
15, overexpression of Smad6 or Smad7 reversed its antihyper-
trophic effects [78]. GDF-15 treatment transiently activates
the Akt and ERK1/2 signaling [71]. Akt activation regulates
cardiomyocyte viability [53] whereas ERK1/2 signaling regu-
lates the cell survival [81]. Both pathways are cardioprotective
in nature, thus, most of the data confirm that GDF-15 is a
novel antihypertrophic as well as cardioprotective regulatory
factor [29, 71].

GDF-15 was found to inhibit myocardial hypertrophy
through a Smad2/3 pathway in a pressure-induced hyper-
trophy model [71]. Similarly Xu et al. reported that GDF-
15 protects the heart from norepinephrine (NE) induced
hypertrophy through Smad independent pathway [71]. Dif-
ferent Smad independent pathways through which GDF-
15 works are MAPKs, TAK-1, and PI3 K/AKT pathways
[82]. GDF-15 also inhibits norepinephrine-induced myocar-
dial hypertrophy by inhibition of epidermal growth factor
receptor (EGFR) transactivation and phosphorylation of
downstream kinases, that is, Akt and extracellular signal-
regulated kinases (ERK) (Figure 2) [79]. In contrast, GDF-15
results in prohypertrophic effect in cardiomyocytes through
a Smad1 pathway [83].

Recently, one study observed that GDF-15 is a novel
promising biomarker in heart failure with normal ejection
fraction (HFnEF). It is elevated in subjects with either mild
or moderate to severe left ventricular diastolic dysfunction
(LVDD) regardless of the presence of CAD or other estab-
lished risk factors frequently associated with HFnNF [84].
Lok et al. reported for the first time that highly elevated GDF-
15 levels can be reversible in some extent, after measuring
GDF-15 before and after intervention with left ventricular
assist device (LVAD) inNewYorkHeart Association (NYHA)
class IV, nonischaemic, and nonvalvular HF patients. They
found that the GDF-15 levels were gradually reduced after
implantation. This finding suggests that GDF-15 could be
used as prognostic marker to measure the response to a
potentially life-saving therapeutic intervention such as LVAD
implantation [56]. Other studies like valsartan heart failure
trial (Val-HeFT trial) indicated that higher GDF-15 levels
are associated with many pathological processes and then
linked to the severity and progression of heart failure (HF),
including neurohormonal activation, inflammation, myocyte
death, and renal dysfunctions. Higher GDF-15 levels are
associated with adverse outcomes independent of estab-
lished clinical and biochemical risk factors [40, 65]. Recently,
Chen et al. demonstrated that olmesartan prevents cardiac
rupture in mice with myocardial infarction (MI) through
inhibition of apoptosis and inflammation and is associated
with downregulation of p53 activity and upregulation of
myocardial GDF-15 [85]. In contrast, irbesartan (AT1 recep-
tor blocker) significantly reduced angiotensin II induced
GDF-15 expression in cardiomyocytes [86].The above studies
indicate that angiotensin receptor blockers regulate GDF-15
expression. However, more therapeutic intervention studies
are needed to understand whether GDF-15 can be used as
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a prognosticmarker for therapeutic intervention for different
cardiovascular disorders.

4.2. Atherosclerosis. Development and progression of athe-
rosclerotic plaques are driven by endothelial dysfunction,
oxidized low-density lipoprotein (oxLDL) deposition in the
subendothelial space, recruitment of inflammatory mono-
cytes to the arterial vessel wall, their differentiation into
activated macrophages, and subsequent transformation into
cholesterol-laden foam cells in the subendothelial space [87].
It has been shown that GDF-15 inhibits proliferation of
endothelial cells (ECs) in vitro and in vivo. A recent study
demonstrated that GDF-15 at high concentration (50 ng/mL)
inhibits EC proliferation, whereas, at lower concentrations
(5 ng/mL), GDF-15 caused endothelial cell proliferation and
was found proangiogenic [50, 88–90].

Transforming growth factor betas (TGF𝛽s) have been
involved in many of the pathophysiological process mainly
in the vascular diseases. It will act as inflammatory markers
in advanced stage of atherosclerosis and play a role in
pathogenesis of ischemic heart diseases. TGF𝛽s involved
in the pathogenesis of atherosclerosis by activating prote-
olytic mechanism of activated macrophages [91–94]. These
activated macrophages will undergo apoptosis in lipid rich
plaque condition. This phenomenon pointing out that lipid
content and inflammatory cell viabilitymay be responsible for
the thrombogenicity [95]. Activation of caspase 3, induction
of manganese superoxide dismutase (MnSOD), and increase
in expression of p53 were seen in human atherosclerotic
plaques [96–100]. Signal transduction of oxLDL and its
mediator’s ceramide and TNF-𝛼 induce apoptosis in human
activated macrophages [97, 98, 101–103]. Poly(ADP-ribose)
polymerase (PARP), c-Jun-AP-1, and apoptosis inducing
factor (AIF) were detected in apoptotic cells [49, 97–
101, 103]. Recently, Schlittenhardt et al. found that GDF-
15 is expressed in macrophages after stimulation by sev-
eral biological mediators, including tumor necrosis factor
𝛼 (TNF-𝛼), C6-ceramide, interleukin-1 (IL-1), macrophage-
colony stimulating factor (M-CSF), oxLDL, and hydrogen
peroxide. In human atherosclerotic carotid arteries, GDF-
15 (immunoreactivity) was exclusively localized in activated
macrophages and colocalized with oxLDL, MnSOD, AIF,
caspase-3 (CPP32), PARP, c-Jun/AP-1, and p53. GDF-15 is
supposed to contribute to modulation of apoptosis and
inflammatory processes of activated macrophages. All data
suggested that increased expression of GDF-15 is associ-
ated with the development and progression of atheroscle-
rotic plaques, possibly through the regulation of apoptotic
processes [49]. In support of previous statement another
study demonstrated that GDF-15 deficiency attenuates early
atherogenesis and improves plaque stability by attenuat-
ing CCR2 (C-C chemokine receptor type 2) mediated
macrophage chemotaxis. Similarly, deficiency of GDF-15
in leukocytes improves atherosclerotic plaque stability by
impairing macrophage migration and inducing collagen
deposition. A novel function of GDF-15 is to regulate the
CCR2-dependent macrophage chemotaxis and proceeds via
TGF-𝛽 receptor II and its downstream effector GRK-2 [104].

Another function of GDF-15 is to control inflammatory
process in cells. GDF-15 deficiency attenuates atheroscle-
rosis by regulating interleukin-6 dependent inflammatory
response to vascular injury. GDF-15 deficiency results in
inhibition of atherosclerosis in mice despite an inhibition
of apoptotic processes and an increase in cell density in
atherosclerotic lesions. This implicates that inhibition of
apoptosis acts as antiatherogenic. Regulation of apoptosis
through GDF-15 may be a therapeutic strategy to control
atherosclerosis andplaque progression [87]. Triglyceride-rich
lipoproteins upregulate GDF-15 by >5-fold in human smooth
muscle cells of coronary arteries [48]. This increased GDF-15
may trigger the prognosis of the diseases. Overall GDF-15 lev-
els are increased in cardiovascular disease patients [105] and
enhance the risk of atherosclerosis. However, GDF-15 defi-
ciency in leukocytes protects against atherosclerosis [104].

4.3. Coronary Artery Diseases and Myocardial Infarction.
Coronary artery disease (CAD) is a chronic degenerative con-
dition. CAD is a combination of different clinical syndromes
including stable angina, acute coronary syndrome (ACS),
heart failure, arrhythmia, and death. Myocardial infarction,
a condition associated with coronary artery disease, con-
tributes to deaths [106]. Circulated levels of GDF-15 levels are
increased in patients who are admitted to the hospital with an
acute coronary syndrome. This was proved in “non-ST seg-
ment elevation ACS” patients in GUSTO 4 trial [106]. People
with elevated levels of GDF-15 (>1800 ng/L) had a high risk
formortality within one year [105]. However, increasedGDF-
15 level has beneficial role during invasive strategy. In the
“Fast Revascularization during in Stability in Coronary artery
disease II” (FRISC-II) trial with GDF-15 level <1200 ng/L
did not show any benefit from the invasive strategy even
though they had ST segment depression or a troponin T level
>0.01 𝜇g/L. PatientswithGDF-15 levels>1200 ng/L, especially
those with 1800 ng/L experienced significant reduction in the
combined end point of death or myocardial infarction by the
routine invasive strategy [32].

A recent Dallas Heart Study suggests that higher GDF-
15 is associated with prevalent coronary artery calcium
(CAC) and cardiovascular mortality. People having GDF-15
concentrations≥1800 ng/Lwere at increased risk for all-cause
and cardiovascular death compared to thosewith<1200 ng/L.
Increasing GDF-15 levels were associated with increasing age,
diabetes, renal dysfunction, and inflammatorymarker (CRP).
Increasing GDF-15 was significantly correlated with black
race, smoking, and hypertension. Increasing NT-proBNP
concentrations are less associated with increasing GDF-15
levels, but there were no associations with BMI and sex
differences [33].

Recently, elevated circulating GDF-15 levels that mea-
sured in individuals with acute myocardial infarction have
been correlated with inflammatory biomarkers, suggesting
a link between GDF-15 and inflammation [30, 32]. After
cardiac surgery acute muscle wasting will occur because of
imbalance between muscle atrophy and hypertrophy. Bloch
et al. found that GDF-15 may be responsible for the skeletal
muscle wasting in humans [31].



8 Journal of Diabetes Research

Recent study demonstrated that GDF-15 protects against
fatal cardiac rupture in a mouse model of myocardial
infarction. Induction of GDF-15 locally in the infarcted
heart reduces the cardiac rupture by acting as an anti-
inflammatory cytokine and represses myeloid cell recruit-
ment into the infarcted area [107]. GDF-15 also inhibits
chemokine-triggered 𝛽2 integrin activation on myeloid cells
by activating Cdc42 and inhibition of small GTPase Rap1.
Thus, GDF-15 is an inhibitor of leukocyte integrin that is one
of the essential components to induce cellular injury after
myocardial infarction [107].

In summary, GDF-15 is a very promising diagnostic
marker for mild to moderate heart failure with normal
ejection fraction or the absence of coronary artery diseases.
However, more studies need to be done to distinguish
different kinds of heart failure using GDF-15. Higher level
of GDF-15 can predict the mortality for CAD patients. Some
studies also showed its potential to use GDF-15 as a prognos-
tic marker for therapeutic intervention for different car-
diovascular disorders. Although the use of GDF-15 as a
biomarker for cardiovascular disease is well established, its
therapeutic application is debatable. While GDF-15 can show
protection against cardiac hypertrophy, its increased expres-
sion is associated with the development and progression of
atherosclerotic plaques. Further research is essential before
considering GDF-15 as therapeutic intervention against car-
diovascular diseases.

5. GDF-15 and Kidney Disease:
Linkage between Diabetes and
Cardiovascular Diseases

Diabetic nephropathy is a progressive kidney disease and
a well-known complication of long standing diabetes [108].
Myocardial damage is directly associated with the devel-
opment of proteinuria and focal glomerulosclerosis [109].
Increase in circulating troponins was observed commonly
in patients with chronic kidney diseases (CKD) and are
associated with the kidney disease progression and death.
The association of circulating troponin and kidney damage
is related to cardiac injury, rather than diminished clearance
[110]. Higher plasma GDF-15 was associated with incident
of CKD and indicates rapid decline in renal function [111].
Higher levels of GDF-15 were predictive of deterioration
of kidney function [21]. Studies on renal injury in animal
models suggest two possible reasons for increase in GDF-
15 levels during renal diseases; either GDF-15 is less cleared
from the circulation by the kidneys or synthesis of GDF-15
is increased in renal diseases, or both [112, 113]. In diabetic
renal injury, increases in urinary GDF-15 were associated
with proximal tubule injury [114]. Thus the hypothesis of less
clearance of GDF-15 from kidney is not true. Renal GDF-
15 expression also appears to be upregulated in response to
metabolic acidosis [113] and kidney injury [113]. van Huyen
et al. found that higher levels of GDF-15 are a predictive
marker of cardiovascular mortality in patients with diabetic
nephropathy besides other well-known cardiovascular risk
factors like NT-proBNP and glomerular filtration rate (GFR)

[113]. Plasma GDF-15 levels were also increased with the
mogensen stage in type 2 diabetic nephropathy, and, thus, it
is an independent risk factor for increasedmicroalbuminuria
(mAlb). It is significantly correlated with mAlb and eGFR,
and thus GDF-15 would be useful in early diagnosis, eval-
uation, and prediction of the outcomes of type 2 diabetic
nephropathy [28]. Although some studies have been per-
formed to find the correlation of plasma and urine GDF-
15 levels with kidney disease, there is no study to look into
its potential as prognostic marker for kidney disease after
intervention.

6. GDF-15 and Nitric Oxide: Cross Talk in
Diabetes and Cardiovascular Diseases

Increased levels of GDF-15 were associated with reduced
endothelium-dependent vasodilation in resistance vessels
[73]. GDF-15 shows protective effect against high glucose
induced endothelial cell injury by activation of PI3 K/AKT/
eNOS signaling pathway. GDF-15 is important to release
NO level in endothelial cells. In a recent study, nitric
oxide production was significantly lower in GDF-15 siRNA
transfected HUVEC cells. On the other hand NO is also
responsible to increase GDF-15 gene expression [5]. Nitric
oxide is responsible to alter the gene expression through
cGMPdependent and cGMP independent signaling pathway.
In cGMP independent pathway, nitric oxide reacts with
superoxide to form peroxynitrate. Kempf et al. observed that
nitric oxide increased GDF-15 expression in cardiomyocytes
through superoxide/peroxynitrate dependent pathway, a c-
GMP independent pathway [54]. Endothelial dysfunction or
injury due to diabetes and smokingmay induce inflammation
and generate oxidative stress within the vessel wall [115].
Several authors mentioned that oxidative stress and
proinflammatory cytokines can induce GDF-15 expression in
macrophages and different other cells. Thus increased GDF-
15 is linked to oxidative stress, inflammation, and endothelial
dysfunction [34, 49, 73, 116–118]. Further research is still
needed to understand whether GDF-15 can modulate NO
levels or vice-versa in other nonendothelial cells.

7. GDF-15 a Potential Biomarker

In the last two decades, we have enormous improvement
in the biomarker discovery but only few biomarkers gained
wide spread use in clinical practice such as troponin T,
troponin I, Nt-proBNP, and B-type natriuretic peptide (BNP)
[14]. Recently, Kahli reported that GDF-15 levels increased
gradually during and after coronary bypass grafting. This
study concluded thatGDF-15 levelsmight be used as amarker
of cardiac injury and renal dysfunction [42]. Zhang et al.
performed a study to find out multimarkers as predictors
of cardiovascular events in patients with mild to moderate
coronary artery lesions. This study examined nine plasma
inflammatory cytokines, that is, cathepsin S, chemokine (C-
X-Cmotif) ligand 16 (CXCL16), sopluble CD40 ligand, IL-10,
placental growth factor, GDF-15, MMP-9, monocyte chemo
attractant protein-1, and hs-CRP in 964 patients having
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Table 3: GDF-15 patents related to diabetes, cardiovascular diseases, and chronic kidney diseases.

Patent Applicant Title

WO2011144571A2 F. Hoffmann-La Roche Ag GDF-15 based means and methods for survival and recovery prediction in
acute inflammation

WO2012138919A2 Amgen Inc. Method of treating or ameliorating metabolic disorders using GDF-15
WO2012146645A1 F. Hoffmann-La Roche Ag Diagnosis of kidney injury after surgery

EP2336784A1 Roche Diagnostics GmbH GDF-15 and/or Troponin T for predicting kidney failure in heart surgery
patients

EP2388594A1 Roche Diagnostics GmbH GDF-15 based means and methods for survival and recovery prediction in
acute inflammation

WO2009141357A1 Roche Diagnostics Gmbh,
F. Hoffmann-La Roche Ag GDF-15 as biomarker in type 1 diabetes

US 8,771,961 B2 Roche Diagnostics
Operations, Inc. Monitoring myocardial infarction and its treatment

EP1884777A1 Medizinische Hochschule
Hannover

Means and methods for assessing the risk of cardiac interventions based on
GDF-15

EP2439535A1 F. Hoffmann-La Roche AG Diagnosis of diabetes related heart disease, GDF-15 and Troponin as
predictors for the development of type 2 diabetes mellitus

WO2013113008A1 Amgen Inc. GDF-15 polypeptides-ameliorating metabolic disorders

WO2010048670A1 St. Vincent’s Hospital
Sydney Limited Method of prognosis in chronic kidney disease

WO2011073382A1 Roche Diagnostics Gmbh GDF-15 and/or troponin T for predicting kidney failure in heart surgery
patients

mild to moderate lesions, and assessed their association
with risk of cardiovascular events during 3 years of their
follow-up study. It was concluded that cathepsin S, sopluble
CD40 ligand, placental growth factor, and GDF-15 were
instructive biomarkers for predicting cardiovascular diseases.
This study showed that multimarkers approach is useful to
significantly predict cardiovascular diseases progression than
the individual marker approach [119].

Similarly, Schnabel et al. investigated 12 biomarkers
includingGDF-15, related to inflammation, lipidmetabolism,
renal function, and cardiovascular function and remodeling.
These markers are C-reactive protein, GDF-15, neopterin,
apolipoproteins AI, B100, cystatin C, serum creatinine,
copeptin, C-terminal-proendothelin-1, midregional-proad-
renomedullin (MR-proADM), midregional-proatrial natri-
uretic peptide (MR-proANP), and N-terminal-pro-B-type
natriuretic peptide (Nt-proBNP). Blood was collected from
1781 stable angina patients in relation to nonfatal myocardial
infarction and cardiovascular death (𝑛 = 137). The study
concluded that Nt-proBNP, GDF-15, MR-proANP, cystatin
C, and MR-proADM are the strongest predictors of cardio-
vascular outcome among patients with stable angina [120].

Similar to other biomarkers, GDF-15 can also be used
for diagnosis of diseases and help to select the therapy.
GDF-15 diagnosis method is patented for diagnosing any
subject suffering from an acute inflammation. GDF-15 is also
patented for the diagnosis of kidney injury after surgery,
prediction of kidney failure after heart surgery, and detection
the prognosis of chronic kidney diseases. GDF-15 is patented
as a biomarker for the type 1 diabetes and diabetes related

heart diseases. Besides using GDF-15 as a biomarker, GDF-15
polypeptide itself is patented to treat or ameliorate metabolic
disorders. Table 3 described briefly the list of patents with
GDF-15 that used as biomarker for diabetes, cardiovascular
disease, and kidney disease.

8. Conclusion

Previous studies revealed that GDF-15 could be a prognostic
and diagnostic marker for the cardiovascular and diabetic
diseases. Proper reference ranges of GDF-15 need to be estab-
lished to identify the disease severity and risk stratification of
the diseases. However, before accepting as a clinically useful
biomarker, the following questions need to be answered.
(1) Whether GDF-15 measurement can support therapeutic
management? (2) Can it be used for the routine clinical
practice or clinical measurement? (3) Whether GDF-15 level
can give any diagnostic and prognostic information? (4)
Whether it can be used to take clinical decision for any
particular diseases like B-type natriuretic peptide (BNP) for
the heart failure and troponin for the acute coronary syn-
drome (ACS). (5) GDF-15 can be used as a single marker or
multi marker approach along with other individual marker.
There is very little information regarding pathophysiological
role of GDF-15 in diabetes, CAD, hypertension, and diabetes
associated with cardiovascular diseases. More intervention
studies like AT1 receptor antagonist need to be carried out
to bring GDF-15 as a prognostic marker for diabetic and
cardiovascular diseases. Further understanding regarding the
signaling pathways of GDF-15 may help to discover novel
therapies against diabetes and cardiovascular complications.
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Abbreviations

ACS: Acute coronary syndrome
AKT: Serine/threonine kinase (protein kinase B)
AIF: Apoptosis inducing factor
AP-1: Activator protein-1
APACE: Acute coronary syndrome evaluation
Bcl-xL: B-cell lymphoma-extra large
BMI: Body mass index
BMP-2: Bone morphogenetic protein-2
BNP: B-type natriuretic peptide
CAC: Coronary artery calcium
CAD: Coronary artery diseases
Cdc42: Cell division control protein 42
CKD: Chronic kidney diseases
CCR2: C-C chemokine receptor type 2
cGMP: Cyclic guanosine monophosphate
CXCL16: Chemokine (C-X-C motif) ligand 16
EGR-1: Early growth response protein-1
ERK: Extracellular signal-regulated kinases
eNOS: Endothelial nitric oxide synthase
GRK-2: G protein-coupled receptor kinase 2
HbA1c: Glycated hemoglobin
H-LVH: Hypertensive left ventricular hypertrophy
hs-CRP: High-sensitivity C-reactive protein
HUVEC: Human vascular endothelial cells
ICU: Intensive care unit
IDF: International diabetic federation
IL-10: Interleukin-10
IMA: Ischemia modified albumin
JNK: Jun-N-terminal kinase
LVAD: Left ventricular assist device
LVH: Left ventricular hypertrophy
mAlb: Microalbuminuria
MMP-9: Matrix metalloproteinase 9
MR-proADM: Midregional-proadrenomedullin
MR-proANP: Midregional-proatrial natriuretic peptide
NF-𝜅B: Nuclear factor kappa B
Nt-proBNP: N-terminal-pro-B-type natriuretic peptide
oxLDL: Oxidized low-density lipoprotein
PI3 K: Phosphoinositide 3-kinase
PARP: Poly (ADP-ribose) polymerase
PAI-1: Plasminogen activator inhibitor-1
PAPP-A: Pregnancy associated plasma protein-A
T1DM: Type 1 diabetes mellitus
T2DM: Type 2 diabetes mellitus.
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Background. It is generally accepted that poor glycemic control, arterial hypertension and/or hyperlipidemia, and the associated
oxidative stress may contribute to the development of macro- and microvascular complications in type 2 diabetes (T2D). Such
metabolic damage signalsmay activate inflammasome and trigger chronic inflammation.We investigated common polymorphisms
in inflammasome coding genes and the risk for macro- and microvascular complications in T2D. Methods. In total 181 clinically
well-characterised T2D patients were genotyped forNLRP3 rs35829419 and CARD8 rs2043211. Risk for diabetic complications was
assessed using logistic regression. Results. Patients with median duration of T2D 11 (6–17) years had relatively well controlled blood
glucose and lipid levels and blood pressure on the prescribed treatment regimen. Duration of T2D and plasma cholesterol levels
were the most important clinical risk factors for macrovascular complications (𝑃 = 0.007 and 𝑃 = 0.031). NLRP3 rs35829419 was
associated with increased risk for macrovascular complications (𝑃 = 0.004), with myocardial infarction in particular (𝑃 = 0.052).
No association was observed between CARD8 polymorphism and any of T2D complications. Conclusions. Our preliminary data
suggest the role of NLRP3 polymorphism in diabetic macrovascular complications, especially in myocardial infarction.

1. Introduction

Macro- and microvascular complications are common in
long-standing type 2 diabetes (T2D) and diminish the quality
of life and life-time expectancy of patients [1, 2]. In addition
to genetic and lifestyle factors, poor glycemic control, arterial
hypertension, and/or hyperlipidemia are predisposing factors
for the development of these complications [3, 4]. High
blood glucose levels and dyslipidemia may stimulate the
production of reactive oxygen species (ROS), leading to
increased oxidative stress and chronic inflammation that
appears to be the major driver of molecular processes leading
to late diabetic complications [5–8]. Recent studies suggested
the involvement of inflammatory pathways that may be
triggered by inflammasome, a crucial complex that senses
and is activated by metabolic damage signals [9, 10].

Inflammasomes are a large family of multiprotein com-
plexes that can be activated by pathogen-associated or
damage-associated molecular patterns (PAMPs or DAMPs,
resp.), among others also such as ROS, cholesterol crystals,
and possibly high glucose levels. NLRP3 inflammasome is
composed of the NLRP3 scaffold protein, CARD containing
adaptor protein, and caspase-1 [11]. Activation of inflamma-
some leads to assembly of the multiprotein complex that
cleaves and activates caspase-1, resulting in cleavage of pro-
interleukin-1𝛽 (pro-IL-1𝛽) and release of IL-1𝛽 that triggers
downstream inflammatory response [9, 10].

NLRP3 inflammasome has been suggested as a link
between insulin resistance, obesity, circulating immune
markers, immunogenetic susceptibility, macrophage func-
tion, and chronic inflammation [12]. Genetic variations lead-
ing to the altered production or function of inflammasome
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and inflammatory cytokines were linked to various inflam-
matory diseases, including obesity, insulin resistance, and
T2D [13, 14]. Two inflammasome related single nucleotide
polymorphisms (SNPs) have been most frequently studied
in Caucasians. NLRP3 rs35829419 (p.Gln705Lys) is a gain-
of-function polymorphism associated with increased pro-
duction of IL-1𝛽 [15]. On the other hand, CARD8 rs2043211
(p.Cys10Ter) results in nonfunctional protein and leads
to loss of CARD-8 inhibition of caspase-1. Both SNPs
were associated with proinflammatory phenotype [16–19].
Another common SNP associated with mRNA stability,
NLRP3 rs10754558, was linked to insulin resistance and
increased risk for T2D in Chinese Han population [13].

The aim of our study was to investigate if NLRP3 and
CARD8 polymorphisms play a role in the risk for macro- and
microvascular complications in T2D.

2. Patients and Methods

We performed a retrospective study that included T2D
patients aged between 18 and 75 years. All the patients were
treated and followed up at the outpatient clinic at the General
Hospital Trbovlje, Slovenia. Patients with diabetes type 1,
gestational diabetes, other types of diabetes, active cancer,
addiction to alcohol or illegal drugs, and dementia or severe
psychiatric disorders were not eligible for the study. Patients
were included as they were coming for their regular follow-
up visits and were receiving treatment according to the estab-
lished clinical guidelines. At inclusion they all underwent
a complete physical examination and laboratory evaluation.
Blood pressure, body height, and body weight weremeasured
at every follow-up visit and the body mass index (BMI)
was calculated. Information on the history of diabetes, pres-
ence of arterial hypertension, hyperlipidemia and chronic
macrovascular and microvascular diabetic complications,
smoking status, and othermedications was obtained from the
medical records and from the interview at the inclusion in
the study. Plasma lipid levels, urea and creatinine, and urine
albumin and albumin/creatinine ratio were determined at
least once per year. All patients were referred to consulting
ophthalmologist for screening for diabetic retinopathy at
least once a year. Echosonography and exercise stress test
(cycloergometry) were performed at the first visit and also at
any complaints suggestive for ischemic heart disease.

The study was approved by the National Ethics Com-
mittee and conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from all
subjects.

All the laboratory parameters were measured using stan-
dard laboratory procedures at the biochemistry laboratory of
the General Hospital Trbovlje, Slovenia [20]. Genomic DNA
was isolated from peripheral blood leukocytes using Qiagen
FlexiGene kit (Qiagen, Hilden, Germany). DNA extraction
and genotyping analyses were performed at the Pharma-
cogenetics Laboratory, Institute of Biochemistry, Faculty of
Medicine, University of Ljubljana. Genotyping of NLRP3
rs35829419 (c.2113C>A, p.Gln705Lys) and CARD8 rs2043211
(c.304A>T, p.Phe102Ile, p.Cys10Ter) was carried out using

a fluorescence-based competitive allele-specific (KASPar)
assay according to the manufacturer’s instructions (KBio-
sciences, Herts, UK). Genotyping was performed blindly
to any clinical data and was randomly repeated in 20% of
samples to check for genotyping reliability.

Median and interquartile range were used to describe
central tendency and variability of continuous variables,
while frequencies were used to describe the distribution
of categorical variables. Standard chi square test or Mann-
Whitney test was used to compare clinical characteristics
between different patient groups. Risk for macro- and
microvascular complications was assessed using logistic
regression. All statistical analyses were performed using IBM
SPSS Statistics 19.0 (IBM Corporation, Armonk, NY, USA).
Dominant geneticmodel was used in all analyses and the level
of statistical significance was set at 0.05.

3. Results

In total 181 patients (105males and 76 females) with T2Dwere
included in the study. The median (25–75% range) age of the
patients was 64 (58.5–70.5) years and duration of T2D was
11 (6–17) years. On the prescribed treatment regimen most
of the patients achieved relatively good blood glucose control
with the average HbA1c 6.9% (6.3–7.6), well controlled blood
pressure, and plasma lipid levels (Table 1).

In total 46 (25.4%) patients suffered from macrovascular
complications: 10 (5.5%) had peripheral arterial occlusive
disease (PAOD), 16 (8.85%) ischemic cerebrovascular disease
(ICD), and 32 (17.7%) myocardial infarction (MI). Only
34 (18.8%) patients had microvascular complications: 25
(13.8%) suffered from end-stage kidney failure due to diabetic
nephropathy, 13 (7.2%) from neuropathy, and 15 (8.3%) from
retinopathy. Duration of T2D and plasma cholesterol levels
were the most important clinical risk factors for macrovascu-
lar complications in logistic regression analysis (OR = 1.06;
95% CI = 1.02–1.11; 𝑃 = 0.007 and OR = 0.67; 95% CI = 0.46–
0.96;𝑃 = 0.031, resp.).Themost important clinical risk factor
for microvascular complications was duration of T2D (OR =
1.12; 95% CI = 1.07–1.17; 𝑃 < 0.001).

All the patients were genotyped for CARD8 rs2043211
and NLRP3 rs35829419 polymorphisms; however, CARD8
genotype data could not be obtained for one patient. In
total 89 (49.4%) patients were homozygous for the wild type
CARD8 AA allele, 70 (38.9%) carried one, and 21 (11.7%)
carried two polymorphic T alleles. NLRP3 polymorphism
was less common: 160 (88.4%) were homozygous for the
wild type CC genotype, while 21 (11.6%) patients carried one
of the polymorphic A alleles: 20 (11.0%) carried one and 1
(0.6%) carried two A alleles. All genotype frequencies were
in agreement with HWE (𝑃 = 0.213 and 0.666 for CARD8
and NLRP3, resp.).

We observed an association between NLRP3 rs35829419
polymorphism and the risk for macrovascular complications
(OR = 3.93; 95% CI = 1.54–10.0; 𝑃 = 0.004) (Table 2).
This association remained significant after adjustment for
duration of T2D and plasma cholesterol levels (OR = 4.36;
95% CI = 1.58–12.01; 𝑃 = 0.004). Although carriers of one or
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Table 1: Patients characteristics.

All patients
(𝑁 = 181)

Macrovascular complications
(𝑁 = 46) 𝑃

a Microvascular complications
(𝑁 = 34) 𝑃

b

Male genderc 105 (58.0) 29 (63.0) 0.423d 23 (67.6) 0.206d

Age (years) 64.0 (58.5–70.5) 64.0 (58.8–72.3) 0.495 64.0 (58.0–75.3) 0.251
Duration of T2D (years) 11.0 (6.0–17.0) 16.0 (7.0–23.5) 0.003 20.5 (11.0–27.0) 0.000
HbA1c (%) [mmol/mol] 6.9 (6.3–7.6) [52 (45–60)] 6.7 (5.9–7.4) [50 (41–57)] 0.143 6.5 (5.8–7.7) [48 (40–61)] 0.020
BMI (kg/m2) 30.0 (28.0–33.3) 30.0 (27.0–33.1) 0.741 29 (25.8–32.4) 0.191
Blood pressure systolic (mmHg) 135.0 (130.0–145.0) 140.0 (128.8–150.5) 0.257 139.0 (119.3–149.0) 0.759
Blood pressure diastolic (mmHg) 80.0 (70.0–80.0) 75.0 (65.8–80.0) 0.014 72.0 (63.0–80.0) 0.000
Total cholesterol (mmol/L) 4.2 (3.5–5.0) 3.9 (3.1–4.5) 0.004 3.7 (2.9–4.7) 0.002
LDL cholesterol (mmol/L) 2.4 (1.9–3.1) 2.3 (1.5–2.7) 0.047 2.0 (1.5–2.4) 0.004
HDL cholesterol (mmol/L) 1.1 (1.0–1.4) 1.1 (0.9–1.3) 0.009 1.1 (0.9–1.4) 0.323
TAG (mmol/L) 1.6 (1.2–2.4) 1.7 (1.1–2.2) 0.587 1.3 (0.9–2.1) 0.046
aComparison between patients with and without macrovascular complications. bComparison between patients with and without microvascular complications.
Data are shown as median (25%–75%), except for c

𝑁 (%). 𝑃 values were calculated using Mann-Whitney test, except for dchi square test.

Table 2: The association of NLRP3 rs35829419 with the risk for macro- and microvascular complications in type 2 diabetes patients.

T2D complications
All patients Male patients

CC
𝑁 (%)

CA + AA
𝑁 (%) OR (95% CI) 𝑃

CC
𝑁 (%)

CA + AA
𝑁 (%) OR (95% CI) 𝑃

Macrovascular 35 (21.9) 11 (52.4) 3.93 (1.54–10.00) 0.004 21 (23.1) 8 (57.1) 4.44 (1.39–14.25) 0.012
PAOD 7 (4.4) 3 (14.3) 3.64 (0.86–15.34) 0.078 4 (4.4) 3 (21.4) 5.93 (1.17–30.06) 0.032
ICD 12 (7.5) 4 (19.1) 2.90 (0.84–10.01) 0.092 9 (9.9) 3 (21.4) 2.48 (0.58–10.60) 0.219
MI 25 (15.6) 7 (33.3) 2.70 (0.99–7.36) 0.052 14 (15.4) 5 (35.7) 3.06 (0.89–10.48) 0.076

Microvascular 28 (17.5) 6 (28.6) 1.89 (0.67–5.29) 0.228 17 (18.7) 6 (42.9) 3.26 (1.00–10.65) 0.050
End-stage kidney failure 20 (12.5) 5 (23.8) 2.19 (0.72–6.63) 0.166 11 (12.1) 5 (35.7) 4.04 (1.14–14.27) 0.030
Retinopathy 12 (7.5) 3 (14.3) 2.06 (0.53–7.98) 0.298 9 (9.9) 1 (7.1) 0.70 (0.08–6.00) 0.746
Neuropathy 12 (7.5) 1 (4.8) 0.61 (0.08–4.97) 0.646 8 (8.8) 3 (21.4) 2.83 (0.65–12.29) 0.165

PAOD: peripheral arterial occlusive disease; 16 (8.85%) ICD: ischemic cerebrovascular disease; MI: myocardial infarction.

two polymorphic NLRP3 rs35829419 alleles had higher risk
for MI, PAOD, and ICD, these associations were statistically
nonsignificant (𝑃 = 0.052, 𝑃 = 0.078, and 𝑃 = 0.092,
resp., Table 2).When stratified by sex, a significant association
of NLRP3 rs35829419 with macrovascular complications was
observed only in males (OR = 4.44; 95% CI = 1.39–14.25;
𝑃 = 0.012) (Table 2). Additionally, significant association
with PAOD was observed among males (OR = 5.93; 95% CI
= 1.17–30.06; 𝑃 = 0.032). This association could not be tested
in females as only 3 female patients had PAOD and all were
NLRP3 CC homozygous.

No association was observed between the investigated
CARD8 rs2043211 and the risk for macrovascular complica-
tions in univariable (OR = 0.97; 95% CI = 0.50–1.90; 𝑃 =
0.930) or multivariable analysis (OR = 1.02; 95% CI = 0.50–
2.08; 𝑃 = 0.951). We also observed no associations of CARD8
rs2043211 with individual macrovascular complications (data
not shown).

The presence of individual microvascular complications
was also investigated, but no association was observed
between CARD8 or NLRP3 polymorphisms and these com-
plications (Table 2). However, male carriers of at least one

polymorphic NLRP3 rs35829419 allele tended to have more
microvascular complications (𝑃 = 0.050) and had increased
risk for end-stage kidney failure (𝑃 = 0.030, Table 2).

4. Discussion

To our knowledge, this is the first study that investigated
the influence of genetic variability in inflammasome on T2D
long-term complications.

We observed that polymorphic NLRP3 rs35829419 A
allele is associated with increased risk for development of
any macrovascular complications in long-term T2D patients.
Despite the small numbers of individuals with a particu-
lar complication, NLRP3 polymorphism showed statistically
nonsignificant association with MI, PAOD, and ICD. These
preliminary data are concordant with previous reports on
association of NLRP3 and CARD8 polymorphism with the
proinflammatory phenotype. In a large cohort of healthy
blood donors higher IL-1𝛽 levels were observed in carriers
of polymorphic alleles of these genes than in noncarriers
[16]. Our results are also in agreement with reports on
potential role of NLRP3 inflammasome in MI [21]. Recent
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genome-wide association study [18] as well as a large cardio-
vascular candidate gene study [22] observed association of
NLRP3 locus with higher fibrinogen levels that may lead to
higher atherothrombotic risk. Inflammasome proteins were
indeed shown to be expressed not only in neutrophils and
macrophages, but also in vascular endothelia and cardiac
fibroblasts [23]. Knockout mice showed declined inflamma-
tory responses and were more protected against myocardial
damage after MI [23].

Contrary to our findings, a large First-ever myocardial
Infarction study in Ac-county (FIA) showed no association
between NLRP3 rs35829419 andMI. However, they observed
a gender-specific effect of NLRP3 rs35829419: polymorphic
A allele conferred protection from development of MI in
females but was associated with increased CRP levels as a
marker of inflammation in males [17]. In our study group,
polymorphic NLRP3 A allele conferred to increased risk
of macrovascular complications among males. The risk was
highest for PAOD, while a tendency of increased risk of MI
was also observed. It was shown that NLRP3 may play a role
in vascular lipid deposition and atherosclerosis [24].

We observed no associations between any complications
and NLRP3 polymorphisms among females; however, in
our study group fewer females than males presented with
complications. The discrepancy between our results and the
FIA study may be due to the differences in the study design
between the two studies: while FIA was a large population
based study with cases and controls carefully matched for
age and gender [17], our study included patients with T2D
as they were coming for their regular follow-up visits and
patients with andwithout complications were not selected for
age or gender. As the number of patients with complications
was limited, any protective effect of NLRP3 rs35829419
polymorphism in females may have beenmissed in our study
due to the small numbers. We also have to note that both
studies recruited patients from a small geographical area and
other factors contributing toMI, such as lifestyle and physical
activity, may differ between the two countries.The authors of
the FIA study acknowledge that differences in lifestyle factors,
including type of food intake and physical activity, between
males and females of northern Sweden may contribute to the
gender-specific genetic association and MI observed in their
study [17].

In our study males also showed some tendency for
increased risk of microvascular complications among poly-
morphic NLRP3 rs35829419 A allele carriers, in particular in
end-stage kidney failure. Inflammasome was also implicated
in inflammatory, autoimmune, and obstructive kidney dis-
ease and in ischemia-reperfusion type kidney injury, mostly
in rat ormousemodels, but the role of NLRP3 inflammasome
in diabetic nephropathy remains to be elucidated [25]. Serum
IL-18 levels were elevated in patients with diabetic nephropa-
thy, but not in other diabetic complications [26].

We observed no association between CARD8 rs2043211
and any long-term T2D complications. To our knowledge
this is the first study that investigated CARD8 polymorphism
in T2D. So far, CARD8 polymorphism was associated with
psoriasis [27] and rheumatoid arthritis susceptibility in some
[28], but not all, studies [29], but was not associated with

juvenile idiopathic arthritis [30]. CARD8 polymorphism did
not influence cytokine profiles in a cohort of healthy blood
donors [16]. Recently, CARD8 rs2043211 T allele was found to
be significantly associated with a protective effect of ischemic
stroke, but not with coronary artery disease [31].

Due to its exploratory nature the present study has several
limitations.The study was retrospective in nature and limited
to a single regional diabetic outpatient clinic; therefore the
number of patients with a particular long-term T2D com-
plication was relatively small. Nevertheless all the patients
were clinically well characterized and were followed up by
the same diabetologist; therefore, the discrepancies in clinical
data collection procedures were minimalized. Furthermore
all the patients were recruited in a small geographic area with
ethnically homogeneous population; therefore, there was no
bias due to genetic heterogeneity [32].

As diabetic complications are multifactorial, we care-
fully checked for known clinical parameters as possible
covariates that could influence our findings. Glycemia was
well controlled in all patients, while blood pressure and
dyslipidemia were even more tightly controlled in patients
with complications to reduce the risk of diabetes-related
mortality [33, 34].

NLRP3 polymorphism could be used as a molecu-
lar marker to identify patients in which pharmacological
approach could be used to counteract the proinflamma-
tory phenotype [35]. Furthermore components of NLRP3
inflammasome and downstream signalling pathways are
potential novel targets for pharmacological prevention of late
complications of T2D [36], as clinical trials targeting other
inflammatory cytokines such as IL-6 andTNFa have not been
successful [37, 38].

In conclusion, our preliminary data suggest the role of
NLRP3 polymorphism in diabetic macrovascular complica-
tions, especially in MI. Validation in larger patient cohort is
required.
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In the present research work, the levels of protein biomarkers specific to diabetes mellitus type 2 in the Pakistani population using
proteomic technology have been identified and characterized and effect of high dose thiamine has been seen on the levels of these
marker proteins. Diabetic patients and normal healthy controls were recruited from the Sheikh Zayed Hospital, Lahore, Pakistan.
Total biochemical assays and proteins were estimated bymodern proteomic techniques. Some proteins were up- and downregulated
in diabetic samples as compared to control and decreased after thiamine therapy, while other protein markers did not show a
significant change after the thiamine therapy. The effect of high dose thiamine on the levels of these identified protein biomarkers
in the human urine has also been observed. Assessment of the levels of these biomarkers will be helpful in not only early diagnosis
but also prognosis of diabetes mellitus type 2.

1. Introduction

Diabetes mellitus (DM) is a metabolic and multifactorial
syndrome with disordered metabolism and hyperglycemia.
On the etiological basis, factors which contributed to the
DM and hyperglycemia are reduced secretion of insulin,
inherited or acquired insulin deficiency, ineffectiveness of
insulin, and low glucose utilization with high production of
glucose. The root causes of diabetes are very much complex.
Most of the cases start with two processes, metabolic and
autoimmune. Some risk factors which contributed to long-
term complications for DM are diet, overweight, obesity,
smoking, alcohol, level of physical activity, hormones, some
medical treatments, viruses, vascular or cardiovascular dis-
ease, atherosclerosis, heart conditions, stroke, kidney disease,
eye diseases, nerve damage, impaired thinking, infections
and wounds, cancer, musculoskeletal disorders, pregnancy
complications, emotional difficulties, insulin shock, diabetic
ketoacidosis, and hyperosmolar hyperglycemic nonketotic
state. The uncontrollable risk factors like genetics and age
cannot be altered by people. People can lower the controllable
risk factors like exercise and diet through improved health
habits and can reduce their risk of developing diabetes [1, 2].

There are several types of DM which exist and are caused
by genetic or environmental factors and lifestyle choices. DM
is classified into different types on the basis of pathogenic
process. The two important types of DM are known as type
1 and type 2. Type 1 DM is juvenile diabetes and is called
as insulin dependent diabetes mellitus (IDDM) in which the
pancreas fails to produce insulin due to autoimmune beta-
cell destruction. It is usually diagnosed in young age like
in children, adolescents, and young adults. Type 2 DM is
adult-onset diabetes and is called as noninsulin dependent
diabetes mellitus (NIDDM) which results from the body
tissues and cells inability to respond properly to the action of
insulin. There are some other abnormalities like genetic and
metabolic abnormalities which are produced in response to
insulin action and secretion. Type 2 DM usually occurs in
adulthood and develops more with the age and sometimes
it is also observed in children and some adolescents having
obesity. There are some other types of DM in which specific
genetic defects, metabolic and mitochondrial abnormalities,
and some conditions that impair glucose tolerance are
included [1, 2].

Diabetes is one of the most widely occurring human
ailments and the world wide prevalence has risen over

Hindawi Publishing Corporation
Journal of Diabetes Research
Volume 2015, Article ID 150176, 10 pages
http://dx.doi.org/10.1155/2015/150176

http://dx.doi.org/10.1155/2015/150176


2 Journal of Diabetes Research

the past two decades. According to new publications of some
health agencies like World Health Organization (WHO) and
International Diabetes Federation (IDF), diabetes becomes
an epidemic which is not controlled like othermajor diseases,
for example, cancer and cardiovascular diseases, and becomes
sixth leading cause of death worldwide. Humans are not
the only species that can develop DM. This disease occurs
also in some animals like dogs, cats, and others. Type 2
DM is much more common than type 1 DM and makes
up about 90% of all cases of diabetes. It is more common
in the developing countries like Pakistan than developed
countries. The incidence of this disease in any developed or
developing country is difficult to judge. It is quite obvious that
the disease is multiplying geometrically more due to genetic
and environmental factors [3].

Vitamin is an organic nutrient which is essential and is
required in tiny amounts. A vitamin cannot be synthesized
by the human body. There are two main types of vitamins:
fat soluble and water soluble vitamins. The water soluble
vitamins must be eaten more regularly than fat soluble
vitamins.Thiamine (vitamin B

1
) is a water soluble vitamin. It

has been used singly and in the compound form as a member
of B complex family. It has important role in carbohydrates
and fat metabolism and is essential for normal growth and
development of the human body. It also maintains proper
function of the heart, nerves, and digestive system. It occurs
as a part of our diet and is present in some diets like cereals,
fortified bread, rice, nuts,meats, and legumes. Recommended
intake of thiamine for men is 1.4mg/day, for woman is
1.1mg/day, for pregnant women is 1.5mg/day, and for breast
feeding is 1.6mg/day. 100 g corn flakes or 3-4 dL soya milk
or 300 g ham covers the daily need. It occurs as a part of
our diet. Its deficiency results in a disease called beri beri
in which cardiovascular, neurological, and dermatological
complications arise. Thiamine deficiency was treated with
50–100mg of thiamine per day for several days followed
by 5–10mg of oral thiamin per day which was given in
parenteral. Treatment is successful in about 50% of patients
and replacement of other vitamins as needed. Toxicity of
thiamine is not known or reported; it is generally safe.
However aside of this restricted use and as a general tonic,
it has never been administered as therapy for the diseases for
many years [4].

Biomarker is a substance which is used as an indica-
tor for pathological state of disease and a characteristic
that is estimated and evaluated for normal, pathological,
and pharmacologic responses to a therapeutic intervention.
Biomarkers can be used in laboratory for drug discovery,
diagnosing, classification, and grading the severity of disease
in both laboratory and clinical settings. Biomarkers have a
potential for understanding the relationship between disease
and health. There are different types of biological markers
like protein and genetic and metabolite markers. Biomarkers
can also be used for the identification, characterization, and
expression of the proteins for biological systems. There are
some variations in the patterns of protein expression in
normal healthy controls as compared with diseased person.
Certain levels of proteins can be up- and downregulated dur-
ing the progression of disease. Detection of these differences

in protein levels is an important area of research in the field
of proteomic study. Some of the disease areas of protein
biomarkers are, for example, cancer, diabetes, and cardiovas-
cular and neurological diseases. The protein biomarkers are
very useful for diagnosis and prognosis of acute and chronic
type of mortality in patients having diabetes, various forms of
cancer, and other syndromes (Graves and Haystead, 2002).

To identify the protein biomarkers, the proteomic
approaches were used that can be exploited for potential
diagnostic and prognostic biomarkers in the short and long
term of different diseases. Proteomics is the large-scale study
of protein with their structures, functions, and information
coded in a cell which is expressed and regulated at the protein
level to achieve the function of an organism. Clinical pro-
teomics aims to discover protein biomarkers which may be
a potential target for pharmaceutical field, disease diagnosis,
and risk assessment. The goals of proteomics are to apply the
proteomic technologies in the clinical research, public health,
and environmental, agricultural, and veterinary research [5].

There has been a great interest in the proteomic analysis
of plasma and serum for the identification and character-
ization of protein biomarkers of different diseases. In the
modern era for the protein identification, one of the most
important developments and technologies is the proteomics.
Identification and characterization of low molecular weight
proteins in the human plasma/serum and protein profile of
human urine have been done by the proteomics. There are
many conventional and advanced proteomic technologies
that separate the proteins or peptides prior to mass spec-
trometry (MS) analysis. Ever since O’ Ferral introduced the
high resolution two-dimensional gel electrophoresis system
in 1975, which became the most commonly used technique
to analyze protein components of complex mixtures like
bacterial extracts and blood plasma. In many ways, the two-
dimensional gel electrophoresis was commonly used as a first
step for protein identification by mass spectrometry. This
approach has made it possible to carry out global protein
analysis of living organisms that helps in examining the
proteome [6].

Despite considerable reproducibility, this technique could
not gain the attention of researchers mainly due to the limi-
tations of this being a labor intensive and qualitative method.
Advanced technology in the proteomic filed for the protein
separation is the commercial instrument ProteomeLab PF2D
fromBeckmanCoulter.This is the 2D liquid chromatography
system (2D-LC) which separates proteins in the first dimen-
sion (chromatographic focusing) on the basis of isoelectric
points (pI) of protein followed by the second dimension that
is reversed phase high performance liquid chromatography
(RP-HPLC), where proteins are further fractionated on the
basis of hydrophobicity. The assessment, optimization, and
separation from the biofluids like plasma, serum, urine,
cerebrospinal fluid, and saliva have been observed by the
PF2D [7].

The identification and characterization of protein
biomarkers have been achieved by the proteomics coupled
with mass spectrometry (MS) analysis. MS technology is
highly sensitive and is the most important developments
in identification of the proteins. For the detection and
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Figure 1: Schematic diagram of protein biomarkers from identification to characterization.

characterization of various biomolecules like proteins,
peptides, oligosaccharides, and oligonucleotides, the MS
technology was used with the molecular mass range between
400 and 350,000 dalton. It detects very low quantities
of sample up to 10−15 to 10−18 mole with an accuracy of
0.1–0.01%. Matrix assistant laser desorption ionization/time
of flight (MALDI-TOF MS) is relatively simple to operate.
It has good mass accuracy with increased resolution and
high sensitivity and is used in the field of proteomics very
widely to identify and characterize the protein biomarkers
through peptide mass fingerprinting that can be helpful to
identify proteins involved in global diseases like diabetes and
others. In the method of MS, selected proteins of choice were
digested with a specific proteolytic enzyme and the resulting
peptides were analyzed for further studies. The information
obtained from this can be used for identification and
confirmation of the proteins by searching different protein
databases. The process of identification and characterization
of disease protein biomarkers was summarized and shown
in Figure 1 [8].

2. Review of the Literature

A large number of people with diabetes especially type 2
grow worldwide. So, this disease takes an ever-increasing
proportion of national health care budgets. Without primary
prevention, the diabetes epidemic will continue to grow.
Immediate action is needed to stem the tide of diabetes.There
is also a need of introducing cost-effective treatment strate-
gies to control this epidemic. In the following sections, identi-
fication, purification, characterization of protein biomarkers
for early diagnosis of pathological states like diabetesmellitus,
and role of thiamine on the levels of these marker proteins
in diabetes type 2 were described. Research work has been
done for the search of protein biomarkers for monitor-
ing and predicting the diabetes mellitus. Several modern

techniques mainly involving protein characterization by
mass spectrometry and proteomic profiling of plasma/serum
samples by proteomics have also been described. Animal
studies with high dose thiamine therapy have been shown
to reduce diabetic nephropathy (microalbuminuria) and lipid
disturbances. Therefore a clinical trial of high dose thiamine
therapy has been planned in our type 2 diabetic Pakistani
population with a hope to find protein biomarker and role
of high dose thiamine on the levels of these biomarkers in the
patients having diabetes type 2.

2.1. Diabetes Mellitus (DM). Diabetes results in a condition
with abnormal or elevated levels of glucose in the blood-
stream. This can cause severe acute and chronic complica-
tions like forming brain damage to amputations and heart
disease. Dysregulation ofmultiple glucoregulatory hormones
(insulin and glucagons) that maintain glucose homeostasis
result in the form of diabetes. The imbalances in these
hormones lead to long term elevated levels of glucose and
some of microvascular andmacrovascular complications like
retinopathy, nephropathy, and neuropathy [3].

2.1.1. Regulation of BloodGlucose Level in the Body. Theblood
sugar at normal levels in the human body is maintained
and brought by a regulatory mechanism which is very
effective and efficient. In this mechanism, the main organs
are liver, autonomic nervous system, and certain glands of
internal secretion called endocrine glands. To maintain the
homeostasis, the blood glucose is vital for the life of the
human being. The important and dominant tissues are liver
which respond to the signals that indicate low or high levels of
blood glucose.The vital function of liver is to produce glucose
for the circulation in the blood. Both low and high levels
of blood glucose triggered the hormonal responses which
initiate the pathways to restore the glucose homeostasis.
Reduced levels of blood glucose trigger release of glucagons
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Figure 2: Glucose homeostasis in the human body (adapted from [9]).

from the beta-cells of pancreas, while the increased levels of
blood glucose trigger release of insulin from the pancreatic
beta-cells. DM results from the dysregulation of multiple glu-
coregulatory hormones (insulin and glucagons). Any defect
in glucoregulatory hormones production leads to improper
regulation of glucose in the blood and results in diabetes [9].
This is the glucose homeostasis in which blood glucose levels
maintained in the body and dysregulation cause hyper- and
hypoglycemia as shown in Figure 2.

2.1.2. Insulin and Its Mechanism of Action in DM. Insulin
is a peptide hormone synthesized as precursor of polypep-
tide preproinsulin with single chain 86 amino acids and
is secreted by the beta-cells of the islets of langerhans of
pancreatic cells. It maintains the normal levels of glucose in
the blood and has mitogenic effects. It facilitates the glucose
uptake in the cells, regulates the carbohydrate, lipid, and
protein metabolisms, and promotes the cell division and
growth. Glucose is the principal stimulus for the secretion of
the insulin hormone. Glucose levels >3.9mmol/L stimulate
insulin synthesis. Insulin with its counter regulatory hor-
mone glucagon regulates the concentrations of blood glucose.
Beta-cells of pancreases secrete 0.25–1.5 units of insulin per
hour during the state of fasting. It is also sufficient to enable
the entry of glucose insulin dependent into cells. Any defect
in insulin production leads to improper regulation of glucose
in the blood and results in diabetes. Similarly, postprandial
glucagon secretion is abnormally increased in the patients
with type 1 and type 2 diabetes. This abnormal secretion of
glucagon leads to excess production of hepatic glucose. It has
also played important role in postprandial hyperglycemia in
the patients with diabetes mellitus [10].

Glucose regulates the insulin secretion by the pancreatic
beta-cell through glucose transporters. There are different

types of glucose transporters called GLUT1, GLUT2, GLUT3,
and GLUT4. Glucose is transported by the glucose trans-
porter GLUT2 in the body. The glucose metabolism in the
beta-cells changes the ion channel activity which leads to
secretion of insulin. The sulfonylurea receptor (SUR) is the
binding site for the drugs that act as secretagogues for the hor-
mone insulin. Glucose stimulation of insulin and its transport
also initiate by theGLUT2 into the beta-cell. Phosphorylation
of glucose by the enzyme glucokinase controls the insulin
secretion regulated by glucose.Themetabolism of glucose-6-
phosphate via glycolysis produces the ATP which inhibits the
activity of an ATP-sensitive potassium channel. Inhibition of
this channel initiates the beta-cell membrane depolarization
and opens calcium channels that stimulate insulin secretion
as shown in Figure 3. Dearrangement in the normal secretary
patterns is one of the earliest signs of beta-cell dysfunction in
diabetes [9].

Low insulin levels increase the production of glucose by
promoting the hepatic gluconeogenesis and glycogenolysis in
the fasting state. Glucagons stimulate the glycogenolysis and
gluconeogenesis by the liver and the renal medulla. Reduced
insulin levels declare the glycogen synthesis and low glucose
uptake in insulin sensitive tissues. This also promotes the
mobilization of precursors which were stored. Postprandially,
glucose load elicits an increase in insulin and decrease in
glucagons leading to a reversal of these processes. The main
potion of postprandial glucose is utilized by skeletal muscle
and insulin stimulated glucose uptake. Other tissues like
brain also utilize glucose in an insulin independent manner
[11].

2.1.3. Role of Insulin in Type 2 DM. Type 2 DM is a
heterogeneous group of disorders and is characterized by
the resistance and impaired secretion of insulin and high
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levels of glucose production. There are some metabolic and
genetic defects in the action or secretion of insulin which
give rise to hyperglycemia in type 2 DM. Obesity is very
common in type 2 diabetes where the adipocytes cells secret
a number of biological proteins (leptin, TNF-alpha, resistin,
and adiponectin) that modulate insulin secretion or action
andmay contribute to insulin resistance.The pancreatic islets
are unable to sustain the hyperinsulinemia state in the pro-
gression of insulin resistance and hyperinsulinemia in certain
individuals. Impaired glucose tolerance characterized by
elevations in postprandial glucose was developed. Reduced
insulin secretion and increased hepatic glucose production
lead to hyperglycemia in fasting diabetes. Ultimately the beta-
cell failure may increase the release of inflammatory protein
markers such as Interleukin-6 (IL-6) and C-reactive protein
(CRP) in type 2 DM [11].

The molecular mechanism of insulin resistance can be
explained briefly as levels of insulin receptors and tyrosine
kinase activity in skeletal muscles are reduced. These alter-
ations are most likely to cause hyperinsulinemia. Therefore,
postreceptor defects play the important and dominant role
in insulin resistance. Polymorphism in insulin receptor sub-
strates (IRS) may also be linked with intolerance of glucose,
which raised the possibility that polymorphism in different
postreceptors molecules combined and created a state of
insulin resistance. The pathogenesis of insulin resistance
is focused on signaling defect of a phosphatidylinositol-3-
kinase (PI-3 kinase). Among other abnormalities, it also
lowers the translocation of GLUT4 to the membrane of
plasma. The insulin receptor has tyrosine kinase activity
which has intrinsic property. These may interact with the
proteins of IRS.Many docking proteins bind to these proteins
and stimulated the metabolic action of insulin and PI-3-
kinase pathway. As a result, insulin gives rise to elevation
in glucose transport via PI-3-kinase pathway and stimulates
the translocation of intracellular vesicles which has glucose
transporters as GLUT4 to the plasma membrane as shown

in Figure 4. There are some pathways of insulin signal
transduction which are not resistant to effect of insulin like
the cell growth/differentiation and mitogenic activated pro-
tein (MAP) kinase pathways. As a result, hyperinsulinemia
elevated the insulin action through these pathways and accel-
erated the diabetes and other conditions like atherosclerosis.
Free fatty acids can impair the utilization of glucose in the
muscles. It also promotes the production of glucose by the
liver and impairs the function of beta-cells in the case of obese
type 2 DM [9].

2.2. Protein Biomarkers for DM. There are varying reports
on the role of protein biomarker for the identification of
different diseases like cancer, diabetes, and others. There are
some proteins which may be up- and downregulated in the
serum/plasma and urine of diabetes mellitus especially in
type 2.

2.2.1. Identification and Characterization of Protein Biomark-
ers. The protein biomarkers are very helpful for predicting
long-term mortality in patients with diabetes, cancer, and
coronary syndromes. Searching for novel biomarkers can be
done using tissues and/or biofluids (blood, serum, plasma,
and urine). The urine is an ideal biofluid for biomarker
discovery in kidney diseases and diabetes mellitus. Urine
samples obtained from patients with other diseases or dis-
orders that have clinical, biochemical, and metabolic profiles
similar to those of the disease of interest must be included
as the other controls. Finally, a single ideal biomarker may
not exist for each disease. Therefore, evaluating a panel of
multiple biomarkers may be required.

Recently, Thongboonkerd [12] has extensively applied
proteomics to biomarker discovery in several diseases with
the hope of finding novel biomarkers for earliest diagno-
sis of the diseases at their very beginning phase and for
prediction of therapeutic response, survival, and recurrence.
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A two-dimensional liquid phase chromatographic separation
followed by the mass spectrometry method is involved for
proteomics studies and biomarker identification of different
diseases. Proteomic analyses using prefractionation strategies
were used to identify the biomarker for early detection, diag-
nosis, prognosis, tumor responses, and disease recurrence
for predicting and monitoring biological markers. Proteome
analysis of human serum proteins and efficient prefractiona-
tion of low abundance proteins in human plasma were done.
The construction of two-dimensional map was demonstrated
which displayed nearly 3700 chromatographically separated
proteins which included 235 more distinct proteins [13].
Complex protein mixture analysis by an all-liquid-phase 2D
mapping technique has been done by ProteomeLab PF 2D
that is a novel protein profiling and mapping technology. It is
also a new powerful way to analyze complex protein mixture
in tissues and cells [14]. Detection of electrophoretically
derived proteinmass based onMS/MSwas used as additional
constraints in proteomic analysis of human serum [15].

2.2.2. Serum Protein Biomarkers Reported in DM. The pro-
teomics is a valid approach to screen for novel protein
biomarkers in animal and human models of obesity and
type 2 diabetes. Proteins are reported as biomarkers in the
biofluids, tissues, and cells especially in type 2 DM.There are
various forms of apolipoproteins which have been identified
as protein biomarkers. One of them is apolipoprotein A1
(apoA-I), which is the main component of high density
lipoproteins (HDL) present in plasma. In case of excretion,
HDL promotes cholesterol efflux from tissues to the liver for
excretion (Yui et al., 1998). The level of apoA-1 is positively
correlated with HDL cholesterol in the serum and negatively
correlated with low density lipoproteins (LDL) cholesterol.
Clay et al. [16] have studied the apolipoprotein A-II (ApoA-
II) that is in forms of 20% of HDL cholesterol and in human
it is present about two-thirds of HDL in humans.

Apolipoprotein H (Apo-H) is also called 𝛽2-glycoprotein
I. It is a plasma glycoprotein present in circulating and free
protein or associated with lipoproteins. It has an important
role in blood coagulation and clearance of apoptotic bodies
from the circulation [17].TheApoA-I-CIII-AIV levels in type
2 DM and coronary heart disease were studied. The deter-
mination of a novel susceptible haplotype was investigated
after the study. Apolipoprotein B (Apo-B) is the primary
apolipoprotein of LDL. It is also called bad cholesterol and is
responsible for carrying cholesterol to tissues [18]. In 2002,
Bach-Ngohou and coworkers [19] studied the apolipoprotein
E (Apo-E) which is important for the normal catabolism of
triglyceride-rich lipoproteins. It is important in lipoprotein
metabolism and has a role in cardiovascular disease. The
serum levels of some protein biomarkers like clusterin and
apolipoprotein J were elevated significantly in type 2 DM
and during development of coronary heart disease or at
myocardial infarction [20]. Nakanishi et al. [21] observed the
diabetic macular edema after proteomic analysis of vitreous
and recorded six proteins including pigment epithelium
derived factor (PEDF), ApoA-4, ApoA-1, thyroid hormone
receptor interactor 11 (Trip-11), retinol binding protein 4
(RBP4), and vitamin D binding protein (VDBP) and only
Apo H is present in nondiabetic controls.

Borth in 1992 [22] studied the alpha 2-macroglobulin
(𝛼2-M) which is an inhibitor for the proteinase enzyme
in the blood and tissue. It acts as a binding protein for
numerous cytokines and growth factors and also acts as a
leptin-binding protein in human plasma. Measurement of
levels of protein human 𝛼

1
-microglobulin (𝛼

1
m) was studied

in the serum and urine of patients with various liver diseases
[23]. Transthyretin and its miracle function and pathogenesis
were also observed in one recent research work [24]. In
addition, protein biomarker for diabetic nephropathy such as
microalbuminuria is also a known predictor for the coronary
heart and peripheral vascular diseases and high risk of
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Table 1: Serum proteins identified in diabetes mellitus.

Serial number Category of protein Name of protein Expression in diabetics

1 Cytokines and cytokine-related proteins
Leptin +
TNF-alpha +
IL-6 +

2 Other immune-related proteins MCP-1 +

3 Proteins involved in fibrinolytic system PAI-1 +
Tissue factor +

4 Complement and complement-related proteins
Adipsin (complement factor D) +
ASP +
Adiponectin −

5 Lipids and proteins for lipid metabolism or transport

Lipoprotein lipase (LPL) +
Apolipoprotein E +
Apolipoprotein A1, −

Apolipoprotein A2 −

Apolipoprotein B +
Apolipoprotein H −

Apolipoprotein C1, C2 −

NEFAs +
Cholesterol ester transferase protein (CETP) +

6 Inflammatory proteins C-reactive protein (CRP) +
𝛼-tumor necrosis factor (𝛼TNF) +

mortality in patients of type 2DM [25]. In 1989, Semenkovich
and his coworkers [26] observed that the lipoprotein lipase
is an important enzyme for lipid homeostasis in humans. It
provides intravascular release of fatty acid from circulating
triacylglycerol. Lipoprotein lipase is the primary enzyme that
converts lipoprotein triglyceride (TG) to free fatty acids.
Tumor necrosis factor-𝛼 (TNF-𝛼) is a pleiotropic cytokine
and has role in immunity and inflammation and during
chronic illness. Its elevated secretion contributed to hem-
orrhage, necrosis, and death [27]. Leptin was adipokines
and has a role in modulating adiposity. This obesity-related
hormone is a molecule which regulates the energy balance
and body weight [28].

C-reactive protein (CRP) is a protein of acute phase
condition and a strong biomarker of inflammation in the
progression of various diseases like coronary heart disease,
cancer, diabetes, and others. Genetic variation and levels of
CRP and incidence of diabetes especially risk of developing
type 2 diabetes mellitus have been studies.The concentration
of CRP in the blood of normal healthy control human beings
ranges from 0 to 1.0mg/dL. In the acute phase condition
of inflammation the CRP levels may rise up to the 1000-
fold [29]. In 2002, Lindsay and coworkers [30] demonstrated
that some of the proteins are downregulated in DM likeone
of the adipokines adiponectin in Indian population. It is
a collagen-like plasma protein produced and secreted by
adipose tissue. It has compelling antiatherogenic and insulin-
sensitizing properties.

Few years later, Mart́ın-Gallán et al. [31] studied that
some protein biomarkers of diabetes are associated in young
diabetic patients with oxidative stress and antioxidant status.
Proteomic analysis of proteins was done and involved in

insulin resistance and type 2 DM with the b3-Adrenergic
receptor [32]. Proteomics detects oxidatively induced pro-
tein carbonyls in muscles of a diabetic rat. A number of
proteins, including mitochondrial ATP synthase, desmin,
actin, and myosin, are found carbonylated [33]. Festa et al.
2002 [34] have described that the elevated levels of acute-
phase proteins and plasminogen activator inhibitor-1 (PAI-
1) in type 2 diabetes with insulin resistance were observed.
In type 2 DM, the intramuscular heat shock protein 72 and
heme oxygenase-1 mRNA were decreased [35]. In literature,
diabetes is associated with pancreatic cancer in 80% cases.
Tumor-derived peptide with an S-calcium binding protein
is involved in the pancreatic cancer associated with diabetes
which are the studies of Bassoa and coworkers [36]. Lipids
and lipoproteins have been studied in patients with type
2 DM. Recently, obesity and its related proteins like leptin
were studied in the diabetic population of Pakistan [37]. List
of identified proteins in human serum of patients having
diabetes mellitus is given in Table 1.

2.2.3. Urinary Protein Biomarkers Reported in DM. Urinary
protein profiling can reveal changes in excretion rates of
specific proteins that can have predictive value in the clinical
arena, for example, in the early diagnosis of disease, classifi-
cation of disease with regard to likely therapeutic responses,
assessment of prognosis, andmonitoring response to therapy.

Yang et al. in 2005 [38] have described that RBP4
protein is an important biomarker for insulin resistance
in diabetes. In one such study which was carried out by
Metz and coworkers [39], the five protein biomarkers were
identified as 2-fold upregulated in diabetes which were
alpha-2-glycoprotein (zinc), corticosteroid-binding globulin,
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Table 2: Urinary protein identified in diabetes mellitus.

Serial number Category of protein Name of protein Expression in diabetics

1 Defense response

𝛼1-antitrypsin
Complement factor H, C3, B, I, C7, 9
Alpha-1-antichymotrypsin precursor
Antithrombin-III
Alpha-2-glycoprotein 1, zinc
Ig gama 1 chain C region
Alpha and beta-2-microglobulin
Alpha-2-antiplasmin precursor
Vitronectin precursor

+
+
+
+
+
+
+
+
+

2 Transport

Serotransferrin precursor
Ceruloplasmin precursor
Hemopexin
AMBP protein
Albumin
Haptoglobin precursor
Transthyretin precursor
VDBP

−

+
+
+
−

+
−

−

3 Metabolism

ApoA-1, ApoA-II precursor, Apo-D
Alpha-1B-glycoprotein
Beta-2-glycoprotein 1 precursor
Prostaglandin H2 D-isomerase precursor
Alpha-2-HS-glycoprotein precursor
E-cadherin
Dystroglycan precursor
Fibrinogen beta chain precursor

−

+
+
+
+
+
+
+

4 Signal transduction

Kininogen precursor
B-factor, properdin
Clusterin
Angiotensinogen
Sulfated glycoprotein 2
retinol-binding protein 4
Epidermal growth factor

+
+
−

+
+
+
+

5 Cell development Lumican precursor +

and lumican. The clusterin and serotransferrin were 2-fold
downregulated in diabetic samples compared to control.
For urinary biomarkers in diabetic nephropathy, proteomic
analyses identified some potential protein biomarkers.

List of urinary proteins that are identified in diabetic
patients with or without nephropathy are listed in Table 2.

In 2007, Rao et al. have observed that there were seven
proteinswhichwere upregulatedwith increasing albuminuria
and four proteins were downregulated.

After some years, the proteomic analysis was done for
the identification of human salivary biomarkers for type-2
diabetes [24]. Recently, in 2009, Jiang and his coworkers [40]
studied the identification of urinary soluble E-cadherin as a
novel biomarker for diabetic nephropathy. Shinton et al. [41]
observed that haptoglobins are a group of serum proteins;
originally identified and diagnostic values were determined.

The goals of present research work were the identification
and characterization of protein biomarkers for early diagnosis
and prognosis of pathological states of diabetes mellitus
type 2 and effects of high dose thiamine on the levels of
marker proteins. These investigations shall be helpful in
assessing the biochemical alterations in the Pakistani diabetic

population, which should contribute to the development of
treatment plans for this disease which is one of the most
widely occurring and debilitating diseases. Results from this
research will also contribute to the identification of protein
markers of diabetes mellitus type 2 and thus development
of novel diagnostic procedures for early detection of this
complication in potential diabetics in our population. The
findings from present research work will assist in planning
preventive and effective treatment strategies for diabetic
patients by identification of protein biomarkers and high dose
thiamine as nutritional supplement.
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Objective. To compare the serum concentration of IL-6, IL-10, TNF, IL-8, resistin, and adiponectin in type 1 diabetic patients
with and without metabolic syndrome and to determine the cut-off point of the estimated glucose disposal rate that accurately
differentiated these groups. Design. We conducted a cross-sectional evaluation of all patients in our type 1 diabetes clinic from
January 2012 to January 2013. Patients were considered to have metabolic syndrome when they fulfilled the joint statement criteria
and were evaluated for clinical, biochemical, and immunological features. Methods. We determined serum IL-6, IL-8, IL-10, and
TNF with flow cytometry and adiponectin and resistin concentrations with enzyme linked immunosorbent assay in patients with
andwithoutmetabolic syndrome.We also compared estimated glucose disposal rate between groups.Results.We tested 140 patients.
Forty-four percent fulfilled the metabolic syndrome criteria (𝑛 = 61), 54% had central obesity, 30% had hypertriglyceridemia, 29%
had hypoalphalipoproteinemia, and 19% had hypertension. We observed that resistin concentrations were higher in patients with
MS. Conclusion. We found a high prevalence of MS in Mexican patients with T1D. The increased level of resistin may be related to
the increased fat mass and could be involved in the development of insulin resistance.

1. Introduction

Type 1 diabetes mellitus (T1D) is an autoimmune disease
characterized by beta cell destruction [1]. Its incidence has
increased by ∼3% per year in children under the age of 5 and
represents 10% of all the cases of diabetes [2]. In Mexico, the
incidence of T1D among children under 19 years of age is
6.2 per 100,000 insured cases in the Instituto Mexicano del
Seguro Social (IMSS), the largest social health care provider
throughout the country [3]. Our country has a very high
prevalence of obesity worldwide in all age groups, and it
also affects patients with T1D [4]. Metabolic comorbidities
associated with increased weight, such as hypertension or

dyslipidemia, are also very common among the Mexican
population [5]. Some cohorts have previously described T1D
patients with features of insulin resistance and metabolic
syndrome [6]. This association, sometimes called “double
diabetes” [7], is being actively studied on the basis that each
entity may increase cardiovascular morbidity on its own and
theoretically generate a synergic and detrimental effect on
mortality [8] due to cardiovascular diseases, despite intensive
glycemic control [9].

Depending on the population studied and the criteria
used,metabolic syndrome (MS) has been reported in 8 to 43%
of the T1D patients [6, 10, 11]. The MS components, usually
associated with an increased cardiovascular risk, were highly
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prevalent in patientswithT1Dand vascular comorbidities [8].
An additional source of controversy is the difficulty to define
metabolic syndrome in patients with T1D; since all patients
are diabetic, this may represent a selection bias and possibly
overdiagnosis; also, themost important feature ofMS (insulin
resistance) is not part of the pathogenesis of T1D and, finally,
the use of exogenous insulin in T1D makes it impossible
to predict insulin resistance with simple methods such as
the HOMA-IR index calculation. In order to solve these
problems, different authors have proposed methods to assess
insulin sensitivity such as eGDR (estimated glucose disposal
rate), but its utility in patients with T1D and MS has not
been determined and since it is based on the measurements
of waist-to-hip ratio, it has been suggested that cut-off
points for each population need to be validated. In groups
with predominantly Hispanic and overweight populations,
assessing these cut-offs is even more necessary.

The pathophysiology of the increased cardiovascular risk
associated withMS in T1D is complex and not yet completely
understood. A wide range of cardiac diseases have been
associatedwith inflammation and cytokinemodulation. Type
1 diabetic patients consistently report higher levels of fibrino-
gen, interleukin-6 (IL-6), C-reactive protein, and tumoral
necrosis factor-alpha (TNF-𝛼) compared to nondiabetic
patients [12, 13]; however these studies were not designed
to prove differences between patients with and without MS.
On the other hand, additional studies have demonstrated
that patients with type 2 diabetes have similar inflammatory
profiles, but the general assumption was that their elevated
cytokines were generated by insulin resistance and increased
adiposity, since some of them decreased significantly once
the patients lost weight [14]. Resistin is a proinflammatory
cytokine previously considered to be responsible for the
obesity-mediated insulin resistance [15, 16]. This cytokine
has been found to be elevated in lean T1D patients, but the
clinical significance of this elevation has yet to be elucidated.
Given these controversial reports and the lack of information
regarding patients with double diabetes, especially in high
risk populations such as ours, we aimed to compare the
inflammatory profile of patients with T1D with and without
MS.

2. Patients and Methods

We performed a cross-sectional evaluation of all patients in
the type 1 diabetes clinic from January 2012 to January 2013
(Hospital de Especialidades Centro Médico Nacional Siglo
XXI, a tertiary care referral center).We included patients that
were 18 years of age or older at the time of the study and had
at least 3 visits per year to the clinic, no infections recorded
in the 3 months prior to the study, a normal complete
blood count and urinary analysis, and no change in insulin
dose in the last 3 months. Patients with incomplete records,
poor treatment adherence, clinical or biochemical data of
infection, end-stage renal disease, evidence of autoimmune
diseases (except for treated primary hypothyroidism), and
primary dyslipidemias were excluded. The study completed
all the requirements by local ethics committee and was
conducted in accordance with the Declaration of Helsinki.

The protocol’s nature and the aim of the study were fully
explained to the subjects, who gave their written consent.

2.1. Diagnostic Criteria for MS. Patients were considered to
haveMSwhen they presented 3 ormore of the joint statement
criteria from theAmericanHeart Association/NationalHeart
Lung and Blood Institute (AHA/NHLBI) and the Interna-
tional Diabetes Federation (IDF) [17]: serum triglycerides
>150mg/dL (1.7mmol/l) or patients receiving treatment
for hypertriglyceridemia, serum high-density lipoprotein
cholesterol (c-HDL) <40mg/dL (1.03mmol/l) in men or
<50mg/dL (1.29mmol/l) in women or a previously treated
dyslipidemia, arterial blood pressure >130/85mmHg in two
different determinations or if the patients were receiving
treatment with antihypertensive drugs, and waist circumfer-
ence (WC) >90 cm in men and >80 in women. Since all the
patients were under treatment for type 1 diabetes, they all
had fasting plasma glucose >100mg/dL (5.6mmol/l) at least
once.

2.2. Anthropometric Measurements. At initial evaluation we
registered weight (kg) and height (meters), as well as WC
(cm). Using these parameters we evaluated waist-to-height
ratio (WHtR) and waist-to-hip ratio (WHR). A single inves-
tigator, using the same calibrated instruments, performed all
the anthropometric measurements. WC was determined at
the middle point between the inferior rim of the last costal
arch and the superior rim of the anterosuperior iliac spine.
Body mass index (BMI) was calculated with the formula
that divides weight by height to the square. We used BMI
determination to define weight groups, according to the
World Health Organization (WHO) [18] classification. Blood
pressure was determined in the left arm, after 10 minutes in
a resting position, during a fasting state, without coffee or
tobacco ingestion in the last week. The sphygmomanometer
was calibrated and values were averaged after 2 different
measurements with a 5-minute difference between them.

2.3. Biochemical Determinations. Laboratory results were
obtained with a 6mL sample in BDVacutainer (BD, Franklin
Lakes, NJ, USA) and centrifuged at 3150×g for 15 minutes,
and serum was divided into two aliquots. We analyzed
glucose, cholesterol, c-HDL, and triglycerides with a com-
mercially available kit (COBAS 2010 RocheDiagnostics, Indi-
anapolis, USA) using photocolorimetry with spectropho-
tometer RocheModular P800 (2010 Roche Diagnostics, Indi-
anapolis, USA). c-HDL samples were treated with enzymes
modified with polyethylene glycol and dextran sulphate,
analyzed with the same photocolorimetric technique. Gly-
cated hemoglobin (HbA1c) was evaluated by turbidimetric
immunoanalysis (COBAS 2010 Roche Diagnostics, Indi-
anapolis, USA). Low-density lipoprotein cholesterol (c-LDL)
was calculated with Friedewald formula c-LDL (mg/dL) =
CT mg/dL − (c-HDL mg/dL + triglycerides mg/dL/5) if tri-
glycerides were <400mg/dL [19].

2.4. Cytokine Determination. Adiponectin and resistin were
analyzed with a commercial kit (Human Adiponectin and



Journal of Diabetes Research 3

Resistin Platinum ELISA tests) using enzyme linked immun-
osorbent assay (ELISA). Interassay coefficients of variation
(%CV) for adiponectin and resistin ranged from 5.8 to
6.9% and from 7.8 to 9.2%, respectively. Interleukin-8 (IL-8),
interleukin-6 (IL-6), interleukin-10 (IL-10), and total tumor
necrosis factor (TNF) were analyzed with BD Cytometric
Bead Array (CBA) Human Inflammation Kit using flow
cytometry (BD FACSAria, BD Biosciences, USA). The %CV
of IL-8 was 4–7%, %CV of IL-6 was 8–10%, %CV of IL-10 was
8–11%, and%CVof TNFwas 8–15%.Detection limits for each
assay were 1.5 pg/mL for IL-6, 2.7 pg/mL for TNF, 2.3 pg/mL
for IL-10, 2.6 pg/mL for IL-8, 0.24 ng/mL for adiponectin, and
0.26 ng/mL for resistin.

2.5. Insulin Resistance Quantification. Insulin resistance was
calculated using the estimated glucose disposal rate (eGDR)
according to the following formula: 24.31 − (12.22 × waist-to-
hip ratio [WHR]) − (3.29 × hypertension [defined as 0 = no,
1 = yes]) − (0.57 ×HbA1c). Using this formula, a lower eGDR
level indicates greater insulin resistance [20].

2.6. Statistical Analysis. Data was analyzed with STATA v.11.
Kolmogorov-Smirnov test was used to determine normality.
Results are expressed accordingly with means and standard
deviations (SD) or medians and interquartile ranges (IQR).
To establish associations between quantitative variables, Stu-
dent’s 𝑡-test or Mann-Whitney 𝑈 test was used. Qualitative
variableswere associatedwith𝜒2 or Fisher’s test. Additionally,
correlations were performed using a Spearman test. Receiver
operating characteristic (ROC) curves were used to identify
the best cut-off point of eGDR and resistin with area under
curve (AUC) and 95% confidence intervals. To evaluate the
factors associated with the presence of the MS, a multiple
logistic regression model was performed. A 𝑝 < 0.05 was
considered to be significant.

3. Results

We tested 140 patients during the study period with a median
age of 28 years (22–37 years); 70% of them were female.
Median time from diagnosis was 17 years (11–25 years). In the
whole group, 54% had a WC larger than the recommended
for their sex (central obesity), 30% had hypertriglyceridemia,
29% had hypoalphalipoproteinemia, and 19% were hyper-
tensive. According to the WHO classification [18] only 58%
of the patients were considered to be in the normal weight
range, 33% were overweight (𝑛 = 46), and 8% were
obese (𝑛 = 11). Using joint statement criteria, 44% of
the patients were considered to have MS. Table 1 compares
the baseline characteristics of the groups with and without
MS.

Patients with MS are significantly older and have longer
evolution of the disease. As it was expected, they also have
higher BMI, WC, WHtR, and WHR; their total cholesterol,
triglycerides, and c-LDL concentrations were higher while
c-HDL was lower; however insulin dose per body weight,
glomerular filtration rate, and HbA1c concentration were not
different between groups.
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Figure 1: Estimated glucose disposal rate (eGDR) levels inmale and
female patients with and without MS. ∗Data is presented as median
(IR).

3.1. Insulin Resistance Quantification. Although there were
no significant differences in the insulin requirements between
the groups, eGDR levels were lower in patients with MS
(6.63mg/kg/min, IQR 4.79–8.59), when compared to the
group without MS (8.42mg/kg/min, IQR 7.49–9.67) (𝑝 <
0.001). The lowest eGDR was registered in the male patients
with MS; however it was not statistically different from their
female counterparts (Figure 1).

We performed a receiver operating characteristic (ROC)
curve and Youden index for assessing optimal eGDR cut-off
point for detectingMS in T1D patients. An eGDR level below
7.32mg/kg/min showed 80% sensitivity and 66% specificity
for MS diagnosis, with an area under curve (AUC) of 0.743
(IC 95% 0.648–0.839) (𝑝 < 0.001).

3.2. Inflammatory Profile. Table 2 shows the inflammatory
profile assessed in all T1D patients. We observed that IL-8
and resistin concentrations were higher in patients with MS;
however IL-8 levels were not statistically different between
groups. We did not find any difference in the cytokine levels
when comparing groups according to sex, HbA1c groups
(<7%, 7-8%, or >8%), or obesity grades (BMI rate normal,
overweight, or obesity) (data not shown). Resistin was the
only cytokine that showed a significant difference between
the groups with andwithoutMS. AROC curve identified that
a cut-off point of 1108 pg/mL detects MS with a sensitivity
of 71% and specificity of 56%, with an AUC of 0.68 (0.55–
0.81). We also quantified correlation coefficients between
these cytokines and observed a positive correlation between
IL-8, IL-6, IL-10, and resistin in patients with andwithoutMS
(Table 2). As it was expected, the resistin concentrations also
correlated with IL-6 (𝑟 = 0.398, 𝑝 = 0.001) and with TNF
(𝑟 = 0.533, 𝑝 < 0.001). Only the group with MS showed
a positive correlation in these cytokines: resistin versus IL-
6 (𝑟 = 0.532, 𝑝 = 0.001) and versus TNF (𝑟 = 0.582, 𝑝 =
0.001). When we correlated the different cytokines, we found
a positive correlation between IL-10 and IL-6 (𝑟 = 0.676,
𝑝 ≤ 0.001) and between IL-10 and TNF (𝑟 = 492, 𝑝 = 0.001);
other cytokines did not show any significant correlation.
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Table 1: Baseline characteristics of the population comparing patients with and without MS.

Parameter With MS (𝑛 = 61) Without MS (𝑛 = 79) 𝑝

Age, years (median, IR) 34 (24–42) 26 (20–32) 0.001∗

Evolution, years (median, IR) 19 (12.5–27.5) 16 (10–22) 0.021∗

WC, cm (mean ± SD) 90.3 ± 10 80 ± 9.2 <0.001†

Male 92.3 ± 11.31 85.9 ± 7.61 0.05†

Female 89.5 ± 9.56 77.2 ± 8.65 <0.001†

BMI, kg/m2 (mean ± SD) 26.1 ± 3.83 23.5 ± 3.09 <0.001†

Male 25.7 ± 4.1 23.8 ± 3.3 0.124†

Female 26.3 ± 3.7 23.3 ± 3 <0.001†

WHR (mean ± SD) 0.90 ± 0.06 0.87 ± 0.07 0.001†

Male 0.95 ± 0.04 0.90 ± 0.06 0.016†

Female 0.90 ± 0.07 0.86 ± 0.06 0.009†

WHtR (median, IR) 0.54 (0.5–0.6) 0.48 (0.45–0.52) <0.001∗

Systolic blood pressure, mmHg (median, IR) 110 (100–120) 110 (100–120) NS
Diastolic blood pressure, mmHg (mean ± SD) 68.7 ± 8.43 67 ± 8.34 NS
Insulin dose, units (median, IR) 54 (43–72) 52 (42–60) NS
U/body weight (kg) (median, IR) 0.67 (0.54–0.93) 0.83 (0.63–1.04)
Glomerular filtration rate, mL/min (median, IR) 77.9 (30.5–97) 76 (46.9–98) NS
Fasting glucose, mg/dL (median, IR) 150 (88–220) 140 (94–238) NS
HbA1c, % (median, IR) 9 (8–10) 8 (8–10) NS
Cholesterol, mg/dL (median, IR) 198 (163–240) 175 (153–206) 0.005∗

Triglycerides, mg/dL (median, IR) 164 (113–241) 89 (65–119) <0.001∗

c-HDL, mg/dL (median, IR) 46 (37–59) 57 (47–67) <0.001∗

Male 44 (35.7–52.7) 46.5 (42.2–54) 0.23
Female 51 (37–63) 61 (53–71) <0.001∗

c-LDL, mg/dL (median, IR) 112 (94.5–137.5) 103 (80–116) 0.018∗

IR: interquartile range, WC: waist circumference, BMI: body mass index, WHR: waist-to-hip ratio, WHtR: waist-to-height ratio, HbA1c: glycated hemoglobin,
c-HDL: cholesterol associated with high-density lipoprotein, c-LDL: cholesterol associated with low-density lipoprotein.
∗Mann-Whitney 𝑈 test; †Student’s 𝑡-test.

Table 2: Inflammatory profile in total T1D population and in patients with and without MS.

Parameter T1D population (𝑛 = 140) Patients with MS (𝑛 = 61) Patients without MS (𝑛 = 79) 𝑝
∗

IL-8, pg/mL (median, IR) 18.2 (8.68–41.22) 24.6 (12.65–46.5) 13.4 (7.0–34.4) 0.064
IL-6, pg/mL (median, IR) 1.5 (1.5–3.2) 1.5 (1.5–4.7) 1.5 NS
IL-10, pg/mL (median, IR) 2.3 (2.3–3) 2.3 (2.3–4.4) 2.3 NS
TNF, pg/mL (median, IR) 2.7 (2.7–4.8) 2.7 (2.7–7.8) 2.7 NS
Adiponectin, pg/mL (median, IR) 9.4 (5.7–15.5) 8.9 (5.4–14.9) 9.4 (6.6–15.6) NS
Resistin, pg/mL (median, IR) 1180.3 (775.8–1896.8) 1627.4 (838.8–2233.8) 1055 (631.8–1459.2) 0.010
%Patients with resistin >1108 pg/mL 55% 71% 44% 0.021
IR: interquartile range, T1D: type 1 diabetes, MS: metabolic syndrome, NS: not significant, IL-8: interleukin-8, IL-6: interleukin-6, IL-10: interleukin-10, and
TNF: tumor necrosis factor. ∗Comparing patients with and without MS, using Mann-Whitney 𝑈 test.

Many patients’ results were found in the lowest detection
limit for each cytokine. When we consider these patients
as “undetectable” and compare them with the patients that
reported higher cytokines (detectable), there are significant
differences between the percentages of patients in these
categories when dividing according to resistin levels. In the
group with high resistin level (>1108 pg/mL) we found that
IL-6 was detectable (>1.5 pg/mL) in 39.4% versus only 11.5%
of detectable IL-6 in the group of patients with low resistin
(𝑝 = 0.03). Furthermore TNF was detectable (levels higher

than 2.7 pg/mL) in 47% of patients with high resistin versus
4% in patients with low resistin (𝑝 < 0.001).

3.3. Risk Factors for MS Development. We assessed factors
associated with the presence of MS using a multiple logistic
regression analysis. Only familiar history of obesity showed
an OR 2.06 (CI 95% 1.02–4.14). Neither familial history of
diabetes, dyslipidemia, or hypertensionnor adherence to diet,
regular exercise, or smoking was related to the presence of
MS.
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4. Discussion

The presence of features associated with MS in patients
with T1D has been associated with an increased risk for
macro- and microvascular complications [21]. However, the
etiopathogeny and the long-term clinical significance of this
association need yet to be established. The prevalence of MS
in patients with T1D varies widely depending on the studied
population and criteria used for diagnosis [22]. Despite the
controversy generated by the difficulties of diagnosing MS
in patients with T1D, the joint statement criteria seem to
be the most adequate and widely used in these patients.
The inclusion of a WC cut-off helps detecting MS in dif-
ferent ethnic and body fat distribution groups, such as ours
where traditional anthropometric and biochemical data is not
enough to correctly define high risk patterns. In our study,
using these criteria, we found that more than 40% of our
T1D patients show additional metabolic disturbances that are
associated with higher cardiovascular risk. It is known that
age plays an important role in the development of MS and
our patients with MS were significantly older than the ones
without MS; however, this difference was not associated with
any significant changes in the biochemical or inflammatory
profile.

We report the highest frequency of MS in a group of
patients with T1D to our knowledge. Although it reflects
the worrying epidemiologic tendencies of the general pop-
ulation in our country, we should also consider that, in
addition to theMS diagnosis, the presence of a long-standing
autoimmune/inflammatory disorder in adult patients with
poorly controlled diabetes could mean a significant increase
in cardiovascular mortality and microvascular complications
in the near future. Interestingly, the tendency to report higher
frequencies of obesity or other components of the MS in
patients with T1D is not exclusive of the Mexican population,
since recent reports mention an increased frequency of
central obesity and dyslipidemia in different cohorts, despite
their attempts to strictly control diabetes [23, 24].

Additional studies are required in order to find markers
and cut-off points that may unequivocally classify T1D
patients with MS and high cardiovascular risk. Cytokines are
some of the biomarkers that have been actively studied in the
last few years, since some patterns of increased and decreased
cytokine levels correlatewith specific inflammatory states and
morbidities. Obesity, cardiovascular disease, and even type
2 diabetes seem to generate different cytokine profiles that
could help to explain the physiopathology of these diseases
and even serve as prognostic factors or controls for thera-
peutic interventions in the future [25–27]. Cytokine levels
have not been previously evaluated in adult patients with T1D
with an intention to establish differences between patients
with and without MS. Our results show that most of the
traditional cytokines measured in other studies are similar
in both groups, for proinflammatory and anti-inflammatory
interleukins. This may reflect a similar state of inflammation
in both groups. Additionally, we found a positive correlation
between IL-10 (an anti-inflammatory cytokine) with TNF
and IL-6 (usually proinflammatory cytokines). This correla-
tion has been found in certain pathologies such as thyroid

cancer [28], stroke [29], lupus, and Sjögren syndrome [30],
where the inflammatory profile may be altered from their
basal state. Adiponectin showed no significant correlations
with any other cytokine. Based on the apparently paradoxical
correlations between pro- and anti-inflammatory cytokines,
we support previous authors’ ideas that IL-10 may have
differential actions in different stages of the inflammatory
response; however only longitudinal studies may be able to
solve these questions in vivo. In our study, neither age nor
time from diagnosis of T1D translated into differences in
cytokine levels.

We consider that resistin may be an important inflamma-
tory cytokine in these patients. It is synthesizedmainly by adi-
pose tissue and seems to generate insulin resistance through
an inhibitory effect on CD36, fatty acid transport protein 1
(FATP1), acetyl-coA carboxylase, and AMP-activated protein
kinase 𝛼. Furthermore, resistin has been shown to regulate
gene expression of TNF-𝛼 and IL-6 via nuclear factor-k𝛽
(NF-k𝛽) [31]. These characteristics make it a unique marker
that may be strongly related to the effect of excess weight
and weight changes on the inflammatory profile. Our study
shows that resistin is positively correlated to other cytokines
in the whole patient group, reflecting the inflammatory state
generated by T1D; however, when we divided the group,
only the patients with MS consistently showed this positive
correlation, while the patients without MS showed a small
and nonsignificant correlation. Previous studies by Fehmann
and Heyn reported no significant differences in the resistin
levels between patients with or without MS; however we
should note that their population was not so markedly obese
[32].

Our data also differs from the findings of Timar et al. [33].
They found that all proinflammatory cytokines were high and
the anti-inflammatory cytokineswere low.However, the basal
characteristics of their groups also seem radically different
and their patients with MS have higher HbA1c and insulin
dose/kg than the groupwithoutMS. Considering the possible
differential effect of cytokines according to age and disease
severity, these differences may account for the results in the
cytokine levels. Also the methods used to measure cytokines
are different and resistin was not considered in their analysis.

We suggest that adding resistin to the cytokine panel in
the study of MS will continue proving to be relevant in future
reports, especially in populations like ours, where a large
proportion of the patients show an increased fat mass.

Traditionally, the definition of insulin resistance in T1D
has been proven difficult. Insulin clamps are the gold standard
for these studies; however these procedures are invasive
and not useful in the everyday clinical setting. The use of
eGDR has been recently advocated as a useful way to assess
insulin resistance in this group [34]. Its advantages as a
validated tool are limited by the fact that race and ethnicity
play a significant role in insulin sensitivity. Previous papers
published by different authors show that lower eGDR scores
correlate with larger insulin resistance, but no specific cut-
off point has been established so far. We observed that a
cut-off point of 7.32mg/kg−1/min−1 predictsMS development
with a sensitivity of 80% and specificity of 66%, in a group
consisting entirely of Mexican mestizos. Despite the fact that
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this cut-off may not be adequate for other ethnicities, our
results show clearly that the patients with MS have the lowest
eGDR scores and therefore, they present with more insulin
resistance, despite the apparently similar requirements of
insulin. Cytokines, and specially resistin, may be some of the
factors modulating insulin resistance in T1D and therefore
warrant additional studies.

Our study has some limitations.The cross-sectional study
design prevents us from identifying the effect of time on MS.
Also, we consider that the low (often undetectable) cytokine
levels observed could be related to a dilution effect or a
low detection power in our methods. We believe that future
studies determining cytokines mRNAs from mononuclear
cells or adipose tissue may prove more useful; however,
the study of mRNA may also be limited, since one must
consider the possible effect of posttranscriptional regulation
of RNA-binding proteins (i.e., tristetraprolin, adenine- and
uridine-rich element (ARE)/poly(U) binding degradation
factor 1, ZCCHC11 and regnase-1) or certainmicroRNAs [35].
Additionally, although we assessed the main pro- and anti-
inflammatory cytokines with detectable differences only in
resistin, other pathways may be important in the regulation
of cytokines, for example, IL-17, pathways related to trans-
forming growth factor-beta (TGF-𝛽) and endothelial activity
through E-selectin, vascular cell adhesionmolecule (VCAM-
1), or von Willebrand factor (vWF).

Prospective, long-term studies with highly sensitive
determinations of multiple cytokines may help understand
the patterns of inflammation present in patients with double
diabetes and may also help us differentiate them from other
inflammatory states and stages of the various diseases related
to cardiovascular morbidity. Identifying the patients with the
highest risk of cardiovascular disease and the mechanisms
underlying their etiopathogenymay be some of the final goals
of these lines of investigation.

5. Conclusions

We found a high prevalence of MS in Mexican patients with
T1D.This condition could be related to the high prevalence of
obesity and dyslipidemia already seen in our population, but
it may represent an additional risk factor for cardiovascular
disease in T1D patients. The increased level of resistin level
and its correlation to other inflammatory cytokines may
be related to the increased fat mass and could be involved
in the development of insulin resistance observed in our
patients. Although we did not observe any differences in
other cytokines, we consider that more studies are required
to fully understand the inflammatory profile in patients with
double diabetes. Finally, we determine an optimal cut-off
point for diagnosis of MS in our group with a high sensitivity
andmiddle specificity. To our knowledge this seems to be the
first study that determines insulin resistance through eGDR
in Mexican population.
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Our results showed that, at the same BMI level, Uygurs have greaterWHR values, abdominal visceral fat content, and diabetes risks
than Kazaks. In addition, values of HDL-C in Uygur subjects were lower than those in Kazak subjects, and values of creatinine, uric
acid, diastolic blood pressure, blood glucose, and fructosamine inUygurmale subjectswere lower than those inKazakmale subjects.
In contrast, systolic blood pressure values in Uygur subjects were greater than those in Kazak subjects, and blood glucose values
were greater in Uygur female subjects than in Kazak female subjects. Additionally, in Uygurs, visceral adipose tissue expression
levels of TBX1 and TCF21 were greater in obesity group than in normal and T2DM groups and lower in T2DM group than in
normal group (𝑃 < 0.01). The visceral adipose tissue expression levels of APN in normal group was greater than those in obesity
and T2DM groups, and visceral adipose tissue expression levels of TNF-𝛼 and MCP-1 in normal group were lower than those in
obesity and T2DM groups (𝑃 < 0.01). In conclusion, T2DM in Uygurs was mainly associated with not only distribution of adipose
tissue in body, but also change in metabolic activity and adipocytokines secretion of adipose tissue.

1. Introduction

Diabetes mellitus (DM), also known as simply diabetes, is
a chronic and heterogeneous metabolic disorder that affects
millions of people worldwide. The previous study showed
that the increasing global prevalence of type 2 diabetes
mellitus (T2DM) is associated with the rising obesity rates
[1], and the obesity is a key factor in the development of
T2DM [2]. Yan et al. reported that, for the Uygur and Kazak
ethnic groups (i.e., two major ethnic minorities in Xinjiang)
at the equal body mass index (BMI) level, more Kazak
people developed hypertension, whereas more Uygur people
developed diabetes [3]. In addition, the Uygur subjects had
significantly greater waist-hip ratio (WHR) than the Kazak
subjects, and the Uygur subjects had increased fat distribu-
tion in the abdominal viscera, whereas theKazak subjects had

more subcutaneous fat [3]. Additionally, Ibrahim reported
that abdominal obesity imparts a greater risk of developing
diabetes and future cardiovascular events than peripheral or
gluteofemoral obesity, and visceral adipose tissue has a higher
rate of insulin-stimulated glucose uptake compared with
subcutaneous obesity [4]. Fat depots contribute differently
to disease and function [5]. Furthermore, Perrini et al.
reported that cytokine release profiles were distinct in the
subcutaneous and visceral adipose tissue [6].

Although Uygurs and Kazaks have essentially the same
eating habits and living environments, their body fat distri-
butions are different. In the current study, to further explore
the correlation of obesity position and T2DM, we examined
the characteristic of fat tissues traits and gene expression in
visceral adipose tissues of the normal, obesity, and T2DM
individuals in Uygurs population.
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2. Subjects and Methods

2.1. Subjects. Our study consisted of 980 Uygur participants
(580 males and 400 females) and 1122 Kazak participants
(415 males and 707 females) from Yili and Kashi in Xinjiang
province of China, and the subjects used in our study are new
and different individuals from those in [3]. All patients com-
pleted a series of conventional questionnaires, including dis-
ease history and daily living and eating habits. In addition, all
patients underwent the following measurements: blood bio-
chemical analysis and blood pressure, height, weight, waist,
and hip circumference measurements; and for the blood
pressure measurement the systolic pressure and diastolic
pressure were detected and recorded by measuring 3 tests.

Subsequently, 18 Uygur subjects (9 males and 9 females)
and 18 Kazak subjects (9 males and 9 females) aged from
40 to 60 years were randomly selected from the 980 Uygur
participants and 1122 Kazak participants, respectively, to
have body composition analysis, including determining their
overall fat content using the underwater weighing test and
MRC measurements of subcutaneous abdominal fat weight
and visceral fat. We label-grouped all examined samples into
3 groups (normal, obesity, and diabetes, resp.). Our definition
of obesity was determined using the 1999 diagnostic criteria
from the World Health Organization and the International
Obesity Task Force Asian adult standard from 2000. Specifi-
cally, a BMI ≥ 25 kg/m2 was defined as obese or overweight,
and a BMI < 25 kg/m2 was normal. Additionally, all patients
with T2DM (2-hour postprandial glucose ≥ 11.1mmol/L,
fasting glucose ≥ 7.0mmol/L; World Health Organization in
1999) were confirmed by the Xinjiang Uygur Autonomous
Region People’s Hospital Department.

The intra-abdominal adipose tissues of another 124Uygur
participants, which were contained in the 980 Uygur partic-
ipants, were collected from Kashi city in Xinjiang province
of China: 50 samples for normal control (normal) group, 48
samples for obesity group, and 26 samples for T2DM group.
The biopsy of abdominal adipose tissues undergoing surgery
was on the protocol to perform pathological analysis, and
the mRNA sample taken had been informed before surgery,
and every subject accepted to participate by signing a written
informed consent.

2.2. Methods

2.2.1. Measurement of Biochemical Indexes. One day before
elective abdominal operation, the weight, waist, hip, and
glycemic index were detected and BMI andWHRwere calcu-
lated. T2DM was diagnosed according to T2DM diagnostic
criteria (2-hour postprandial glucose ≥ 11.1mmol/L, fasting
glucose ≥ 7.0mmol/L; World Health Organization in 1999).
The patients suffering from cancer, acute inflammation, liver
and kidney disease, patients with type 1 diabetes, and patients
recently taking drugs that may interfere with glucose and
lipid metabolism were not included in the present study. The
fasting plasma glucose (FPG) was detected using the glucose
oxidase method, and total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), and low

density lipoprotein cholesterol (LDL-C) were all detected
using automatic biochemistry analyzer.

2.2.2. Body Composition Analysis. Height and weight were
measured using standard procedures. Waist and hip cir-
cumferences were measured using a flexible tape with
tension calipers at the extremity (Gulick-Creative Health
Product, Inc., Plymouth, MI), midway between the xiphoid
and umbilicus during the midexpiratory phase and at the
maximum circumference in the hip area, respectively. Skin-
fold thickness was measured at 5 different anatomical sites
(i.e., subscapular diagonal and vertical, chest, midaxillary,
abdominal horizontal and vertical, and suprailiac diagonal
and vertical) using Lange Skinfold callipers (Cambridge
Scientific Instruments Inc., Cambridge, MD), as previously
reported [7]. Truncal skin folds were computed as the
sum of the skin folds at these 5 anatomic sites. Body
composition was determined using underwater weighing, as
previously reported [8]. MRI was used to measure intra-
abdominal (visceral) and abdominal subcutaneous adipose
tissue volume, as previously described [9]. In brief, MRI
studies were performed using a 1.5 T imaging device (Philips
Gyroscan Intera, Holland). The entire abdominal region was
scanned using contiguous axial 10mm slices. Fat volume was
measured in each slide by mapping subcutaneous and intra-
abdominal adipose tissue compartments using computerized
images. Volume was converted into adipose tissue mass,
assuming an adipose tissue density of 0.9196 kg/L [10].

2.2.3. Tissues Sample. Theabdominal omental adipose tissues
were collected on the day of surgery, and about 3 cm ×
3 cm tissueswere collected fromeach individual, immediately
washed with 0.75% NaCl solution, and snap-frozen and
stored in liquid nitrogen until RNA extraction.

2.2.4. RNA Isolation and Real-Time PCR. Total RNA was
isolated from the visceral adipose tissue (abdominal omental
adipose tissue) in the 124 Uygur subjects (50 samples for
normal group; 48 samples for obesity group; and 26 samples
for T2DM group) by using TRIZOL reagent (Cat#15596-026,
Life technologies, Carlsbad, CA, USA) and purified by using
an RNeasyminikit (Cat#74106, QIAGEN, GmBH,Germany).
RNA integrity was checked on an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). Reverse tran-
scription conditions for each cDNA amplification were 25∘C
for 5 min, 42∘C for 60min, and 70∘C for 15min.

Real-time PCR was used to detect gene expression using
the SYBR Premix Ex Taq (Takara) on a 7500 Real-Time
PCR System (Applied Biosystems, Foster City, CA) with
the primers shown in Table 1. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH)was used as internal reference. Part
(1 𝜇L) of each RT reaction product was amplified in a 20𝜇L
PCR reaction system. Reactionmixtureswere incubated in an
ABI Prism 7500 sequence detection system (Applied Biosys-
tems), programmed to conduct 1 cycle at 95∘C for 30 s and 40
cycles at 95∘C for 5 s and 60∘C for 34 s.Moreover, dissociation
curves were analyzed using the Dissociation Curve 1.0 soft-
ware (Applied Biosystems) for each PCR reaction to detect
and eliminate possible primer-dimer artifacts. All reactions
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Table 1: Primers used in RT-qPCR.

Gene Sequence ID Primer (5-3) Product (bp)

APN NM 004797.3 F: ATGGCCCCTGCACTACTCTA 104
R: CAGGGATGAGTTCGGCACTT

TNF-𝛼 NM 000594.3 F: GTGACAAGCCTGTAGCCCAT 111
R: TATCTCTCAGCTCCACGCCA

MCP-1 NM 002982.3 F: GATCTCAGTGCAGAGGCTCG 105
R: TTTGCTTGTCCAGGTGGTCC

TCF21 NM 003206.3 F: GCAGATCCTGGCTAACGACA 134
R: TGGTTCCACATAAGCGGCTC

TBX1 XM 005261271.1 F: AACCTACTGGACGACAACGG 189
R: CTGCGTGATCCGATGGTTCT

GAPDH NM 001256799.1 F: TGTTGCCATCAATGACCCCTT 202
R: CTCCACGACGTACTCAGCG

were performed in triplicate. The relative amounts of target
gene transcripts were calculated using the comparative cycle-
time method.

2.2.5. Patient Consent and Ethics Statement. All participants
were informed of the usage of their basic and clinical infor-
mation prior to the sample collection, and all participants
provided written informed consent for study participation.
The consent form and ethical approval were provided by the
Medical Ethics Committee at First AffiliatedHospital, Shihezi
University School of Medicine (reference number 2014LL22).

2.2.6. Statistical Analysis. The SPSS statistical package (ver-
sion 11.5, SPSS Inc., Chicago, IL, USA) was used for the
data analyses. All data are presented as mean plus standard
deviation (mean± SD).The Shapiro-Wilk test was used to test
the normality of data. If the data follow the normality role,
differences between groups were analyzed using unpaired
Student’s 𝑡-test; else the differences between groups were
analyzed using rank sum test. Values of 𝑃 of <0.05 were
considered significant unless otherwise specified.

3. Results

3.1. Clinical Characteristics. The data in Table 2 shows that
at similar BMI values, compared with the Kazak subjects,
the Uygur subjects had increased values in weight, waist
circumference, hip circumference, and WHR. In addition,
the values of HDL-C in Uygur male and female subjects
were significantly lower than those in Kazak male and female
subjects, and the values of creatinine, uric acid, diastolic
blood pressure, blood glucose, and fructosamine in Uygur
male subjects were significantly lower than those in Kazak
male subjects. In contrast, the systolic blood pressure values
in Uygur male and female subjects were significantly greater
than those in Kazak male and female subjects, and blood
glucose values were significantly greater inUygur female sub-
jects than in Kazak female subjects. Additionally, consistent
with the previous report [3], our results also indicated that
theUygurs had a significantly greater risk of diabetes than the
Kazaks for both males and females. No significant difference

was detected in the values of triglycerides, cholesterol, and
LDL-C between both male and female Uygur sbujects and
Kazak subjects.

Both 18 individuals from the Uygur and Kazak ethnic
subjects (980 and 1122, resp.) and 6 individuals (3 male and
3 female) aged from 40 to 60 in each group (including
normal, obesity, and T2DM) were randomly selcected for
body composition analysis, and the baseline characteristics
for 36 subjects are shown in Table 3.There were no significant
differences observed in the ages of the Uygur and Kazak
participants. In both Uygur and Kazak ethnic groups, the
body weight, BMI, and WHR values of the normal control
group were significantly lower than those of the obesity and
T2DM groups (𝑃 < 0.05). Notably, although there was no
significant difference in total lipid content between subjects
from the two ethnic groups, the ratio of VF/SAF in Uygurs
was significantly higher than that of the Kazaks in both
obesity and T2DM groups (𝑃 < 0.05). However, there was no
difference between the two ethnic groups regarding fasting
blood glucose levels.

3.2. Candidate Gene Expression in the Visceral Adipose Tis-
sue of Normal, Obesity, and T2DM Individuals in Uygurs
Population. To reveal the function change of the adipose
tissues among normal, obesity, and T2DM individuals, five
candidate genes’ expressions in visceral adipose tissue of
normal, obesity, and T2DM individual in Uygur population
were analyzed using real-time PCR. The result showed that
five candidate genes, including T-box protein 1 (TBX1),
transcription factor 21 (TCF21), adiponectin (APN), tumor
necrosis factor-alpha (TNF-𝛼), and monocyte chemotactic
protein 1 (MCP-1), were all expressed in the visceral adipose
tissue of normal, obesity, and T2DM individuals in Uygur
population. The TBX1 and TCF21 expression levels in the
obesity group were significantly higher than those of normal
and T2DM groups (𝑃 < 0.01); and the TBX1 and TCF21
expression levels in the T2DM group were significantly lower
than those of normal and obesity groups (Figure 1, 𝑃 <
0.01). In addition, statistical analysis showed that the ratio of
expression level of TBX1 to TCF21 (TBX1/TCF21) in obesity
group was significantly greater than those in normal and
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Table 2: Basic indices and biochemical analyses.

Uygur Kazak
Males (580) Females (400) Males (415) Females (707)

Age (years) 44.09 ± 15.99 39.5 ± 14.05 41.25 ± 15.06∗∗ 38.31 ± 14.2
Diabetes prevalence rate (%) 6.7 7.9 1.2∗∗ 0.7∗∗

Height (cm) 168.46 ± 7.3 157.09 ± 6.15 170.54 ± 7.53∗∗ 159.49 ± 6.43
Weight (kg) 74.19 ± 14.23 63 ± 11.79 69.13 ± 12.64∗∗ 59.78 ± 10.75∗∗

BMI (kg/m2) 26.22 ± 5.24 25.55 ± 4.65 23.77 ± 4.13 23.52 ± 4.15
Waist circumference (cm) 93.84 ± 12.01 90.06 ± 18.45 89.52 ± 12.36∗∗ 83.91 ± 14.27∗∗

Hip circumference (cm) 101.55 ± 8.77 101.23 ± 15.02 100 ± 9.01∗ 97.3 ± 13.07∗

WHR 0.92 ± 0.08 0.89 ± 0.09 0.89 ± 0.07∗∗ 0.86 ± 0.08∗

Systolic blood pressure (mmHg) 129.74 ± 20.95 125.16 ± 24.32 128.98 ± 23.97∗∗ 120.52 ± 22.61∗∗

Diastolic blood pressure (mmHg) 82.82 ± 14.17 80.88 ± 15.63 83.6 ± 14.29∗∗ 80.28 ± 15.20
Creatinine 59.45 ± 7.81 57.17 ± 6.13 64.10 ± 12.75∗∗ 53.2 ± 9.26
Uric acid 255.0 ± 44.55 230.08 ± 65.10 271.83 ± 39.89∗∗ 221.03 ± 53.62
Glucose (mmol/L) 4.83 ± 0.73 5.14 ± 0.72 4.91 ± 0.51∗∗ 4.74 ± 0.63∗

Fructosamine 2.32 ± 0.08 2.37 ± 0.15 2.39 ± 0.16∗ 2.38 ± 0.2
Triglycerides (mmol/L) 1.85 ± 1.52 1.51 ± 1.41 1.09 ± 0.56 1.05 ± 0.56
Cholesterol (mmol/L) 4.13 ± 1.62 3.80 ± 1.92 4.38 ± 1.37 4.58 ± 1.32
LDL-C (mmol/L) 2.13 ± 1.04 2.18 ± 1.02 2.54 ± 1.08 2.56 ± 1.01
HDL-C (mmol/L) 1.54 ± 0.33 1.54 ± 0.36 1.61 ± 0.36∗ 1.84 ± 0.46∗∗

BMI as covariance, all indices were executed as 𝑡-tests between two ethnic subjects both male and female. HDL: high density lipoproteins; LDL: low density
lipoproteins. Values are given as the mean ± SD. ∗∗𝑃 < 0.01; ∗𝑃 < 0.05.

Table 3: Baseline characteristics of the subjects.

Uygur Kazak
Normal (6#) Obesity (6) T2DM (6) Normal (6) Obesity (6) T2DM (6)

Age (y) 41 ± 6 40 ± 2 50 ± 6 46 ± 6 39 ± 5 42 ± 6
Body weight (kg) 59.0 ± 6.33∗ 75.10 ± 14.01 80.17 ± 6.56 63.40 ± 10.32∗ 79.67 ± 13.11 82.43 ± 15.23
BMI (kg/m2) 23.46 ± 1.55∗ 38.06 ± 1.922 36.27 ± 2.97 23.77 ± 3.52∗ 31.74 ± 1.73 33.43 ± 1.83
WHR 0.886 ± 0.490∗ 0.948 ± 0.325 0.953 ± 0.451 0.867 ± 0.470∗ 0.951 ± 0.324 0.944 ± 0.534
Total lipid contents (%) 0.214 ± 0.123 0.301 ± 0.118 0.292 ± 0.145 0.226 ± 0.098 0.318 ± 0.157 0.298 ± 0.088
VF/SAF 0.46 ± 0.22 0.56 ± 0.18& 0.54 ± 0.13& 0.42 ± 0.19 0.40 ± 0.22 0.39 ± 0.10
Fasting blood glucose (mg/dL) 4.58 ± 0.24 5.67 ± 0.15 9.89 ± 2.44 4.29 ± 0.18 6.24 ± 0.48 9.44 ± 2.86
T2DM, type 2 diabetes mellitus; VF, visceral fat; SAF, subcutaneous abdominal fat; all such values were expressed as mean ± SD (𝑛 = 6; 3 males and 3 females,
resp.); #the number of subjects in one group; ∗𝑃 < 0.05 in the same ethnic group; &𝑃 < 0.05 in different ethnic group.

T2DM groups (Figure 1, 𝑃 < 0.01). Additionally, the expres-
sion ofAPN in the normal individual was significantly higher
than those in obesity and T2DMgroups, the expression levels
of TNF-𝛼 and MCP-1 in normal group were significantly
lower than those in obesity and T2DM groups (Table 4, 𝑃 <
0.05), andno significant differences ofAPN,TNF-𝛼, orMCP-1
expression were detected between obesity and T2DM groups
(Table 4, 𝑃 > 0.05).

4. Discussion

The previous report showed that visceral and subcutaneous
adipocytes may exhibit different properties in the production
of bioactive molecules [11]. In the current study, the results
showed that, at the same BMI level, both male and female
Uygur subjects have significantly greater values in WHR,
abdominal visceral fat content, and diabetes risks, compared

with Kazak subjects. This result is consitent with the previ-
ouse study [3].

In addition, the values of HDL-C in Uygur male and
female subjects were significantly lower than those in Kazak
male and female subjects, and the values of creatinine,
uric acid, diastolic blood pressure, blood glucose, and fruc-
tosamine in Uygur male subjects were significantly lower
than those in Kazak male subjects. In contrast, the systolic
blood pressure values inUygurmale and female subjects were
significantly greater than those in Kazak male and female
subjects, and blood glucose values were significantly greater
in Uygur female subjects than in Kazak female subjects.
These results showed that themetabolic difference result from
obesity exists between the Uygurs and Kazaks populations.

Toyoda et al. [12] reported that visceral adipose tissue is a
better predictor for mortality than subcutaneous tissue. Our
results showed that gene expression in the visceral adipose
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Table 4: Comparison of adipose cytokines mRNA copy data in the visceral adipose tissue of Uygur population (rank sum test).

APN TNF-𝛼 MCP-1
Normal (50#) 0.7162∗ (0.5668–0.9564) 0.0250∗ (0.0195–0.0672) 0.1588∗ (0.0872–0.2663)
Obesity (48) 0.4244 (0.2209–0.6004) 0.1096 (0.0637–0.1592) 0.1937 (0.0915–0.3346)
T2DM (26) 0.4120 (0.1967–0.5560) 0.0798 (0.0569–0.1428) 0.1983 (0.1315–0.4083)
∗
𝑃 < 0.05; #the number of subjects in one group.
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Figure 1: The mRNA expression levels of T-box protein 1 (TBX1) and transcription factor 21 (TCF21) in the visceral adipose tissue of Uygur
population. Comparison between groups by 𝑡-test, ∗∗𝑃 < 0.01; 𝑛 = all subjects in each group (50, 48, and 26 for the normal, obesity, and
T2DM groups, resp.); T2DM, type 2 diabetes mellitus.

tissue of normal, obesity, and T2DM subjects in the Uygurs
was significantly different, and the expression levels of TBX1
and TCF21, the marker of white adipocytes and brown-
like white adipocytes, respectively [13], were significantly
greater in the obesity group than in normal and T2DM
groups and significantly lower in the T2DM group than in
normal group (𝑃 < 0.01). These results suggested that the
lipid metabolic activity of visceral adipose among normal,
obesity, and T2DM subjects was different in the Uygurs
population. The ratio of expression level of TBX1 to TCF21
(TBX1/TCF21) in obesity group was significantly greater than
those in normal and T2DM groups (𝑃 < 0.01), suggesting
that the lipid metabolic activity of visceral adipose tissue

in obesity individuals was lower than those in normal and
T2DM individuals.

APN is an adipocytokine produced by adipose tissue and
plays a protective role in vascular injury and insulin resistance
(IR). The previous study in other ethnic groups showed
that the subjects with diabetes mellitus (DM) had greater
insulin and lower APN level [14], and Asian participants,
who suffered from higher chronic disease risk for obesity,
had lower serum levels of APN than Caucasian participants
across all levels of BMI [15]. Our result showed that the
visceral adipose tissue expression levels of APN were lower
in obesity and T2DM groups than in normal group; this is
consistent with the previous study [14] and suggested that
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downregulation ofAPNmight be a reason for the obesity and
T2DM.

TNF-𝛼 and MCP-1 are two proinflammatory cytokines
that can be released by adipose tissue. In the current study, the
results showed that the visceral adipose tissue expression lev-
els of TNF-𝛼 and MCP-1 in normal group were significantly
lower than those in obesity and T2DM groups (𝑃 < 0.01),
which were consistent with the previous study where TNF-𝛼
and MCP-1 were elevated in poor glycemic control and good
glycemic control overweight and obese patients [16], suggest-
ing that the immune response of visceral adipose tissue was
changed during the occurrence of obesity and T2DM.

Collectively, our result indicated that the T2DM in the
Uygurs population was mainly associated with not only
distribution of adipose tissue in the body, but also the change
in metabolic activity and adipocytokines secretion of adipose
tissue.
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Background. In view of the alarming incidence of obesity in children, insight into the epidemiology of the prediabetic state insulin
resistance (IR) seems important. Therefore, the aim of this systematic review was to give an overview of all population-based
studies reporting on the prevalence and incidence rates of IR in childhood. Methods. PubMed, Embase, and Cochrane library
were searched in order to find all available population-based studies describing the epidemiology of IR in pediatric populations.
Prevalence rates together with methods and cut-off values used to determine IR were extracted and summarized with weight and
sex specific prevalence rates of IR if available.Results. Eighteen population-based studies were identified, describing prevalence rates
varying between 3.1 and 44%, partly explained by different definitions for IR. Overweight and obese children had higher prevalence
rates than normal weight children. In seven out of thirteen studies reporting sex specific results, girls seemed to be more affected
than boys. Conclusion. Prevalence rates of IR reported in children vary widely which is partly due to the variety of definitions used.
Overweight and obese children had higher prevalence and girls were more insulin resistant than boys. Consensus on the definition
for IR in children is needed to allow for comparisons between different studies.

1. Introduction

Nowadays, the body mass index (BMI) is increasing in
many populations and childhood obesity is an emerging
problem [1–3]. In the United States the prevalence rates of
obesity between 1971 and 1974 in 6–11-year-old white/black
children were 4%. Between 1999 and 2002, these prevalence
rates increased to 13% and 20% in white and black children,
respectively [4]. In 2012 the overall prevalence rate of
obesity in 2–19-year-old American children was 17.3% [1]. In
developing countries the prevalence rate of overweight and
obesity in preschool children (<5 years old) in 2010 was
estimated to be 6.1% and 11.7%, respectively [5]. Moreover,
the prevalence of overweight in children <5 years of age
raised in the African continent between 2000 and 2013 from
5.1 to 6.2% (+1.1%), while in the American Continents, the

prevalence increased with 0.5% (6.9 to 7.4%). (http://apps
.who.int/gho/data/view.main.NUTWHOOVERWEIGHTv?
lang=en).

The rising prevalence of obesity will cause an increase
in obesity related complications such as insulin resistance
(IR), hypertension, dyslipidemia, and type 2 diabetes mellitus
(T2DM) [6, 7]. The energy excess in obesity may result
in hyperplasia and hypertrophy of adipocytes, leading to
oxidative stress. This oxidative stress of adipocytes induces
a chronic low-level inflammation in adipose tissue and
production of adipokines, free fatty acids, and inflammatory
mediators.This inflammation is related to peripheral IR, IR of
hepatocytes, and impaired insulin secretion by the pancreatic
beta cells. Finally, this process causes dysregulation of glu-
cose homeostasis and development of T2DM [8]. Although
obesity plays a key role in the pathophysiology of IR, IR is
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an independent risk factor for cardiovascular and metabolic
diseases [9–12]. Therefore, it is important to know the extent
of IR in pediatric populations. Knowledge on the prevalence
rates of IR and its clinical consequences during childhood
will increase the awareness of physicians and other health
care professionals. Despite the reported association between
IR and increased cardiovascular risk in pediatric populations
[13], there is no overview of data on the epidemiology of IR
in this population. Many studies focus on the extent of IR in
overweight and obese populations, but limited studies have a
population-based study design.

The aim of this study is to systematically review all
available population-based studies on the epidemiology of IR
in pediatric populations. We will describe the weight and sex
specific prevalence and incidence rates of IR in the included
studies, together with the study-specific definition used to
define IR.

2. Methods

2.1. Systematic Search and Study Selection. This review fol-
lows the guidelines of “Meta-analysis of Observational Stud-
ies in Epidemiology” (MOOSE) [32]. A systematic search
was conducted in PubMed, Embase, and the Cochrane
library, using the search strategies as displayed in Table 1.
The search was performed in December 2014 and covered
all publications in the time period between the incep-
tion of each database and the search date. All articles in
English, French, German, Spanish, and Dutch languages
were included and their title and abstract were screened
to find the relevant studies. All results were imported into
a RefWorks file (http://www.refworks.com/) and duplicate
articles were removed. Subsequently, the title and abstract of
all unique results were screened using the exclusion criteria.
Articles were excluded if they were review articles, studied a
population older than 19 years, or did not report prevalence
and/or incidence rates of IR in the abstract. Furthermore,
all conference abstracts without a full text publication were
excluded. All available full text articles were retrieved and
their design was scrutinized to select population-based
studies. The reference lists of all included population-based
studies were investigated to find relevant articles not included
in the original search.

2.2. Data Extraction andAnalysis. Datawere extracted on the
study design, sample size, calendar time of data collection,
mean age of participants, ethnicity, criteria used to determine
IR (method and cut-off value), prevalence, and incidence
rates of IR in the complete study population, and if available
in subpopulations based on weight category (normal weight,
overweight, and obesity), and sex. Data were entered in an
excel file. Pooling of data was not possible because of the large
variability in study design, population, and definitions used
to determine IR. Data are presented in a descriptive manner.

3. Results

3.1. Systematic Search and Study Selection. With the search
strategy presented in Table 1, in PubMed, Embase, and

Cochrane 6,788 articles (with 4,596 unique studies) were
retrieved. Screening of titles and abstracts led to the exclusion
of 4,448 articles (Figure 1). The full text of the 148 remain-
ing articles was checked and 76 articles were excluded
based on our exclusion criteria. Critical appraisal of the 72
remaining articles resulted in the final inclusion of 18 popu-
lation-based studies. All included studies reported prevalence
rates of IR and none of them reported incidence rates. An
overview of the included studies and extracted data is pre-
sented in Supplemental Table 1 (see Supplemental Table 1 in
the Supplementary Material available online at http://dx.doi
.org/10.1155/2015/362375).

3.2. Study Characteristics. The 18 included studies were per-
formed in 13 countries. Except for the African continent,
all continents are represented. The studies were performed
between 1999 and 2011. Sample sizes varied from 80 to
3,373 children [14, 28]. Most studies recruited their study
population at selected schools [14–25, 29–31]. The New
Zealand study population were volunteer adolescents who
were recruited by Pacific Island community workers, even
though it was not reported where they recruited the partic-
ipants [28].

In the majority of the studies (𝑛 = 14), the age of the
study participants was above 10 years [15, 17–21, 23–26, 28–
31]. Four studies included also children younger than 10 years,
with ranges that varied between 6 and 19 years [14, 16, 22, 27].
Ethnicity was not reported in 50% of the studies. All study
characteristics are presented in Supplemental Table 1.

3.3. Methods and Cut-Off Values to Define IR. In the studies,
six different methods were used to determine IR (Table 2).
These methods were Homeostasis Model Assessment Insulin
Resistance (HOMA-IR), fasted plasma insulin (FPI), Quan-
titative Insulin Sensitivity Check Index (QUICKI), fasted
glucose/insulin ratio (FGIR), HOMA2, and the McAuley
index. All these indices are based on FPI; for HOMA-IR,
QUICKI, FGIR, and HOMA2 fasted plasma glucose (FPG)
values are also needed (Table 2). The McAuley index is the
only index for which fasted triglycerides are required besides
FPG and FPI. None of the above-mentioned equations use
anthropometricmeasurements or values derived from an oral
glucose tolerance test.

HOMA-IR, FPI, and QUICKI were the most frequently
used methods to determine IR (HOMA-IR: 𝑛 = 14 [14–27];
FPI: 𝑛 = 7 [17, 19, 20, 28–31]; QUICKI 𝑛 = 2 [17, 23], Table 2).

The cut-off values used to define IR for HOMA-IR
ranged from 2.1 to 5.56, while for FPI cut-off values varied
between 9.85 and 23.7 𝜇U/mL (corresponding with 68.4 and
164.8 pmol/L, resp.) (Table 2). The study of Budak et al. used
a cut-off value different from the other studies, as their
definition for IRwas aHOMA-IR<3.16 whichwas in contrast
with other studies that defined IR as HOMA-IR greater than
a specific value [18]. We did not succeed to contact Budak et
al. to verify this cut-off value.

Age and sex specific cut-off values were reported in,
respectively, one [30] and three studies [20, 24, 30]. Girls had
higher cut-off values for FPI and HOMA-IR compared with
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Table 1: Search strategies.

Database Search strategy

PubMed

(“Insulin Resistance”[Mesh] OR insulin resistan∗[tiab] OR insulin sensitivity[tiab] OR (resistan∗[tiab] AND
insulin∗[tiab]) OR metabolic syndr∗[tiab])
AND
(“Prevalence”[Mesh] OR prevalence∗[tiab] OR “Incidence”[Mesh] OR incidence∗[tiab])
AND
(“Child”[Mesh:noexp] OR “Adolescent”[Mesh] OR “Puberty”[Mesh:noexp] OR “Minors”[Mesh] OR
Pediatrics[MeSH:noexp] OR child[tiab] OR children[tiab] OR child care[tiab] OR childhood[tiab] OR
child∗[tiab] OR childc∗[tiab] or childr∗[tiab] OR childh∗[tiab] OR adoles∗[tiab] OR boy[tiab] OR boys[tiab] OR
boyhood[tiab] OR girl[tiab] OR girls[tiab] OR girlhood[tiab] OR junior∗[tiab] OR juvenile∗[tiab] OR kid[tiab] OR
kids[tiab] OR minors∗[tiab] OR paediatr∗[tiab] OR pediatr∗[tiab] OR prepubert∗[tiab] OR pre-pubert∗[tiab] OR
prepubesc∗[tiab] OR pubert∗[tiab] OR pubesc∗[tiab] OR school age∗[tiab] OR schoolchild∗[tiab] OR teen[tiab]
OR teens[tiab] OR teenage∗[tiab] OR youngster∗[tiab] OR youth[tiab] OR youths∗ OR Primary school∗[tiab] OR
Secondary school∗[tiab] OR Elementary school∗[tiab] OR High school∗[tiab] OR Highschool∗[tiab])

Embase

(prevalence/ or incidence/ or (prevalence∗ or incidence∗).ti,ab.)
AND
(insulin resistance/ or insulin sensitivity/ or metabolic syndrome X/ or (resistan∗ and insulin∗).ti,ab. or insulin
sensitivity.ti,ab. or metabolic syndr∗.ti,ab.)
AND
(child/ or boy/ or girl/ or hospitalized child/ or school child/ or exp adolescent/ or adolescence/ or puberty/ or
pediatrics/ or (child or children or child care or childhood or child∗ or childc∗ or childr∗ or childh∗ or adoles∗ or
boy or boys or boyhood or girl or girls or girlhood or junior∗ or juvenile∗ or kid or kids or minors∗ or paediatr∗ or
pediatr∗ or prepubert∗ or pre-pubert∗ or prepubesc∗ or pubert∗ or pubesc∗ or school age∗ or schoolchild∗ or teen
or teens or teenage∗ or youngster∗ or youth).ti,ab. or youths∗.ti,ab. or Primary school∗.ti,ab. or Secondary
school∗.ti,ab. or Elementary school∗.ti,ab. or High school∗.ti,ab. or Highschool∗.ti,ab.)

Cochrane

((prevalence∗ or incidence∗)
and
((resistan∗ and insulin∗) or insulin sensitivity or metabolic syndr∗)
and
(child or children or child care or childhood or child∗ or childc∗ or childr∗ or childh∗ or adoles∗ or boy or boys or
boyhood or girl or girls or girlhood or junior∗ or juvenile∗ or kid or kids or minors∗ or paediatr∗ or pediatr∗ or
prepubert∗ or pre-pubert∗ or prepubesc∗ or pubert∗ or pubesc∗ or school age∗ or schoolchild∗ or teen or teens or
teenage∗ or youngster∗ or youth or youths∗ or Primary school∗ or Secondary school∗ or Elementary school∗ or
High school∗ or Highschool∗)).ti,ab.

boys. For both sexes, adolescents aged 14-15 years had the
highest cut-off values for FPI [30].

3.4. Prevalence of IR. The overall prevalence rates of IR
in 17 out of 18 population-based studies are presented in
Figure 2.The study of Ranjani et al. only reported sex specific
prevalence rates [27]. The lowest prevalence rate of IR was
reported from Greece with 3.1% in children aged 10–12 years
(using the cut-off value of HOMA-IR > 3.16 for IR, Figure 2)
[23]. In the same study population, three other definitions of
IR (HOMA-IR > 2.1, QUICKI < 0.35, and FGIR < 7) were
applied resulting in prevalence rates of 9.2, 12.8, and 17.4%,
respectively.

The highest prevalence rate of IR was reported by Grant
et al. for the 15–18-year-old Pacific Island adolescents in New
Zealand [28]. They reported a prevalence rate of 44% with
IR defined as FPI > 12 𝜇U/mL. This definition of IR has been
used in another study by Bonneau et al. which resulted in a
prevalence rate of 11.7% for the 12–18-year-old Argentinian
adolescents [17].

3.5. Sex and Weight Specific Prevalence of IR. Thirteen stud-
ies reported separate prevalence rates for boys and girls

(Figure 3(a)). In 7 out of 13 studies, IR was more prevalent
in girls [16, 18, 19, 27–29, 31]. Three studies reported higher
prevalence rates for boys [14, 15, 17]. In one study the
prevalence rate of IR was similar for boys and girls [20]. In
two studies it depended on the criteria used to determine IR
whether boys or girls were having the highest prevalence rates
[17, 23].

Figure 3(b) shows the influence of weight (normal, over-
weight, and obesity) on the prevalence of IR. A major
difference was observed between normal weight and obese
populations. Normal weight populations had substantial
lower prevalence rates of IR, irrespective of the used def-
inition for IR. The maximum difference in weight specific
prevalence rates of 61.3% was reported in Australian boys,
with prevalence rates in normal weight and obese boys of 7.1%
and 68.4%, respectively [29].

4. Discussion

To the best of our knowledge, this is the first systematic
review summarizing all available population-based studies on
the epidemiology of IR during childhood. While we could
not find any population-based study reporting the incidence
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PubMed Embase Cochrane

Removing duplicates

Screening title/abstract 
Exclusion of article if
(i) article is a review, 

(iii) outcome other than
prevalence/incidence of insulin
resistance.

Check full text 
Exclusion of article if 

(iv) specific comorbidity in 

Check study design 
Exclusion if study sample is not
population based

Check references of included 
articles

Finally included:

n = 2,798 n = 3,947 n = 43

n = 148

n = 4,596

n = 72

n = 18

n = 18

n = 0

(i) conference abstract (n = 49),

(ii) population > 19 years,

(ii) no original data (n = 1),
(iii) no clear definition of IR (n = 4),

complete population (n = 22).

Figure 1: Flowchart of search and included studies.

rate of IR in children, the reported prevalence rates varied
between 3.1% in Greek children and 44% in Pacific Island
teenagers living inNewZealand.Therewas not only variation
in the prevalence rates of IR, but we also observed that
these 18 included studies used 6 different methods combined
with diverse cut-off values to determine IR. For instance,
the FPI cut-off values varied between 9.85 and 23.7 𝜇U/mL
(corresponding with 68.4 and 164.8 pmol/L, resp.) [19, 30]
and theHOMA-IR cut-off values ranged between 2.1 and 5.56
[16, 23]. The lack of a uniform definition and cut-off value to
determine IR impedes pooling of data, therefore reporting on
overall prevalence rates.

Although substantial variation in the prevalence rates of
IR could be partly explained by differences in the study pop-
ulation characteristics (e.g., age, weight, ethnicity, pubertal
status, etc.), the use of different methods and cut-off values
to determine IR may play an important role as well. As an
example, in the study by Manios et al. in 481 Greek school
children, different methods resulted in various prevalence
rates (i.e., 3.1 versus 12.8 and 17.4% for HOMA-IR, QUICKI,
and FGIR, resp., Figure 2) [23]. Even if studies use the
same method to measure IR, different cut-off values impede
comparison between studies. Again, in the study by Manios
et al., the use of different cut-off values forHOMA-IRmethod
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New Zealand, 15–18 yr—FPI > 12 [28]
New Zealand, 15–18 yr—HOMA2 > 2 or McAuley ≤ 6.3 [28]

Czech Republic, 13–18 yr—HOMA-IR > 2.5 [15]
Czech Republic, 13–18 yr—HOMA-IR > 4.0 [15]

India, 14–19 yr—FPI age specific [30]
India, 14–19 yr—FPI > 20 [31]

Turkey, 12–19 yr—HOMA-IR < 3.16 [18]
US, 11–14 yr—HOMA-IR ≥ 2.7 [26]

Greece, 9–13 yr—HOMA-IR > 3.16 [16]
Greece, 9–13 yr—HOMA-IR > 3.99 [16]
Greece, 9–13 yr—HOMA-IR > 5.56 [16]

Chile, 10–15 yr—HOMA-IR > p90 for sex and Tanner stage [24]
Italy, 11–13 yr—FPI > 11 (boys) or 13.2 (girls) [20]

Italy, 11–13 yr—HOMA-IR > 2.28 (boys) or 2.67 (girls) [20]
US, 7–17 yr—HOMA-IR > p85 [22]

China, 6–18 yr—HOMA-IR ≥ 3.0 [14]
Mexico, 12–16 yr—FPI > 9.85 [19]

Mexico, 12–16 yr—HOMA-IR > p85 (∼3.0) [19]
Japan, 10–13 yr—HOMA-IR ≥ 2.5 [21]

Australia, 14.3–17.1 yr—FPI > 14.4 [29]
US, 14–19 yr—HOMA-IR > 4.0 [25]
Argentina, 12–18 yr—FPI ≥ 12 [17]

Argentina, 12–18 yr—HOMA-IR ≥ 2.5 [17]
Argentina, 12–18 yr—QUICKI ≤ 0.33 [17]

Greece, 10–12 yr—FGIR < 7 [23]
Greece, 10–12 yr—QUICKI < 0.35 [23]

Greece, 10–12 yr—HOMA-IR > 2.1 [23]
Greece, 10–12 yr—HOMA-IR > 3.16 [23]

Figure 2: The overall prevalence rates (%) of IR in the included studies.

(>3.16 and >2.1) in the same study population resulted in
prevalence rates of 3.1 and 9.2%, respectively [23]. A lower
cut-off value results in a higher prevalence rate of IR and vice
versa.

The highest reported prevalence rate for IR was 44% in
Pacific Island teenagers (New Zealand) [28]. In that study
IR was defined as FPI > 12 𝜇U/mL, which is a relatively
low cut-off value that might contribute to the high reported
prevalence rate. In another study in Mexico, which used the
lowest cut-off value for FPI (FPI > 9.85mU/L) a prevalence
rate of 24.8%was reported [19].When the same cut-off values
would have been used in these two studies, the difference in
prevalence rates would even have been larger. Even though
the difference between these two populations cannot be
quantified precisely, not only because of different cut-off
values, but also because other factors such as age, weight,
and pubertal stage were not taken into account, this analysis
shows that prevalence rates of IR are variable in different
populations, which was also observed in other studies.

Overweight or obesity is an important factor influencing
the prevalence of IR. The effect of overweight or obesity on
IR is clearly observed in all presented studies as prevalence
rates in overweight or obese children and adolescents were
reported to be higher than in normal weight children and
adolescents (Figure 3(b)). Most studies (7 out 11 studies pre-
senting weight specific prevalence rates) not only differenti-
ated between normal weight and overweight/obesity, but also

stratified into normal weight, overweight, and obese children
and adolescents [14, 16, 20, 23, 25, 26, 29]. These studies
show an increased prevalence in obese children compared to
overweight children. In the study by Caserta et al., odds ratios
for IRwere calculated for obese and overweight boys and girls
comparing to their normal weight peers.The odds ratios of 9.1
(95% confidence interval 4.0–20.4) and 13.2 (4.7–36.9) were
reported for obese boys and girls and lower odds ratios of 2.4
(1.2–4.9) and 6.0 (3.1–11.9) were reported for overweight boys
and girls, respectively [20]. These results show that with nor-
mal weight increasing to obesity the prevalence of IR is rising.

A higher prevalence rate of IR has been observed in
girls compared with boys in 7 out of 13 studies reporting
sex specific prevalence rates (Figure 3(a)) [16, 18, 19, 27–
29, 31]. This is in line with the prevalence of T2DM, of
which IR is a precursor, as population-based studies on the
prevalence of T2DM in children and adolescents also show
higher prevalence rates in girls [33]. Hirschler et al. found no
significant sex-related differences in IR. In their study, IR was
associated with BMI and pubertal stage only, and not with
gender. Their findings suggested that higher values in IR in
girls compared to boys could be due to differences in pubertal
development [34]. A study by Moran et al. measured IR
using the euglycemic insulin clamp in children at all Tanner
stages. At all Tanner stages, girls were more insulin resistant
compared to boys. According to Moran et al., this difference
in IR between boys and girls could partially be explained
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Greece, 10–12 yr—FGIR < 7 [23]
Greece, 10–12 yr—QUICKI < 0.35 [23]

Greece, 10–12 yr—HOMA-IR > 2.1 [23]
Greece, 10–12 yr—HOMA-IR > 3.16 [23]

Argentina, 12–18 yr—HOMA-IR ≥ 2.5 [17]
Argentina, 12–18 yr—QUICKI ≤ 0.33 [17]

India, 6–19 yr—HOMA-IR ≥ 3.56 [27]
Australia, 14.3–17.1 yr—FPI > 14.4 [29]

China, 6–18 yr—HOMA-IR ≥ 3.0 [14]
Mexico, 12–16 yr—HOMA-IR > p85 (∼3.0) [19]

Mexico, 12–16 yr—FPI > 9.85 [19]

Italy, 11–13 yr—FPI > 11 (boys) or 13.2 (girls) [20]
Italy, 11–13 yr—HOMA-IR > 2.28 (boys) or 2.67 (girls) [20]

Chile, 10–15 yr—HOMA-IR > p90 for sex and Tanner stage [24]

Greece, 9–13 yr—HOMA-IR > 3.16 [16]
Greece, 9–13 yr—HOMA-IR > 3.99 [16]
Greece, 9–13 yr—HOMA-IR > 5.56 [16]

Turkey, 12–19 yr—HOMA-IR < 3.16 [18]

New Zealand, 15–18 yr—HOMA2 > 2 [28]
New Zealand, 15–18 yr—McAuley ≤ 6.3 [28]

Czech Republic, 13–18 yr—HOMA-IR > 2.5 [14]
Czech Republic, 13–18 yr—HOMA-IR > 4.0 [14]

India, 14–19 yr—FPI > 20 [25]

(a) Sex specific prevalence
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Greece, 10–12 yr—FGIR < 7 [23]

Greece, 10–12 yr—HOMA-IR > 2.1 [23]
Greece, 10–12 yr—HOMA-IR > 3.16 [23]

Greece, 10–12 yr—QUICKI < 0.35 [23]

US, 7–17 yr—HOMA-IR > p85 [22]

US, 14–19 yr—HOMA-IR > 4.0 [25]
China, 6–18 yr—HOMA-IR ≥ 3.0 [14]

Japan, 10–13 yr—HOMA-IR ≥ 2.5 [21]

Greece, 9–13 yr—HOMA-IR > 3.16 [16]
Greece, 9–13 yr—HOMA-IR > 3.99 [16]
Greece, 9–13 yr—HOMA-IR > 5.56 [16]

US, 11–14 yr—HOMA-IR ≥ 2.7 [26]
Italy, 11–13 yr—HOMA-IR > 2.67 (girls) [20]
Italy, 11–13 yr—HOMA-IR > 2.28 (boys) [20]

Italy, 11–13 yr—FPI > 13.2 (girls) [20]
Italy, 11–13 yr—FPI > 11 (boys) [20]

India, 14–19 yr—FPI > 20 [31]
India, 14–19 yr—FPI age specific [30]

Australia, 14.3–17.1 yr—FPI > 14.4 (girls) [29]
Australia, 14.3–17.1 yr—FPI > 14.4 (boys) [29]

(b) Weight category specific prevalence

Figure 3: Prevalence of IR by sex (a) and weight category (b).
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by higher levels of adipose tissue in girls compared to boys.
However, in an obese subpopulation no difference in IR levels
was observed between boys and girls [35]. It is known that
pubertal development starts earlier in girls compared to boys
(Tanner stage 2 at 11.4–11.9 years versus 11.9–12.3 years, resp.)
[36]. Therefore, boys and girls between 10 and 14 years of
age might be at another Tanner stage. Since IR is related to
pubertal stage [34, 37], a comparison between pubertal girls
and boys of the same age might result in a higher prevalence
rate for IR in girls, because of a higher Tanner stage. The best
comparison between boys and girls in pubertal age would
be based on Tanner stages instead of age. Unfortunately,
prevalence rates related to Tanner stages were not reported
in any of the studies, so we were not able to check the effect
of puberty on the prevalence of IR.

Our review has some limitations that should be
addressed. At first, we could not compare results and pool
the data of different studies, because of the heterogeneity
in definition of IR in the presented studies. However, we
were able to present an overview of the currently available
population-based studies, showing higher prevalence rates in
girls compared to boys, and in overweight and obese children
compared to normal weight children. Another limitation is
that all included studies were conducted in recent years. All
studies were published between 2004 and 2014 and the data
were collected between 2000 and 2011. However, in eight of
eighteen studies, the exact period of data collection was not
mentioned [14, 15, 18, 19, 26–28, 30]. Therefore, we could not
evaluate whether the prevalence of IR is rising along with
the increasing prevalence of obesity and T2DM. Finally, as
already discussed above, the influence of Tanner stage on
prevalence of IR could not be studied because of a lack of data.

5. Conclusion

In conclusion, the overall prevalence rates of IR in
population-based studies of children and adolescents ranged
between 3.1 and 44%, which could be partly explained by
the use of different methods and cut-off values to determine
IR. The prevalence rate of IR was up to 68.4% in obese
boys. Girls seemed to have higher prevalence rates of IR
than boys, which may however be related to their earlier
pubertal development. Consensus on the definition for IR
in children is needed to allow for comparisons between
different studies, and to assess the value of IR as a screening
measure for children and adolescents with an increased risk
of cardiometabolic diseases.
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The complex diagnosis and treatment of diabetes highlight the need for markers to define how to monitor patients correctly
during the course of their disease. Different studies demonstrate the existence of patients who cannot be clearly classified. We have
previously shown that it is possible to differentiate “atypical diabetic patients” based on genotyping the HLA. In this work we show
that the analysis of non-HLA related to type 1 diabetes in the INS-VNTR, SNP rs689, and rs3842753 improves the identification of
these patients. We genotyped 913 individuals comprising controls from the general population and “classic” and “atypical” diabetic
patients. We compared the distribution of these loci and analyzed linkage disequilibrium.The haplotype was in LD for all the SNPs
that were evaluated. Regarding their association with the disease, the haplotype IAC was associated with type 1 (odds 2.60, 1.82–
3.72, CI 95%) and “atypical diabetes” (odds 1.50, 1.01–2.23, CI 95%), whereas we did not observe an association with type 2 diabetes.
Therefore, our results confirm that atypical diabetes is a different entity of the disease where the patient presents with a genetic
background of T1D and a T2D phenotype, findings that are likely to be relevant for patient diagnosis andmanagement in the clinic.

1. Introduction

Uruguay is a little country located in South America with
a population of 3.286.314 inhabitants according to the last
census [1]. The population has been characterized as of
European descent, with a small contribution of African
descendants and native amerindian popultion [2]. Diabetes
mellitus is a worldwide public health problem and Uruguay
is not an exception showing a high prevalence of the disease,
8%, and an equal percent that are likely undiagnosed despite
the small size of its population [3]. Diabetes is a multi-
factorial disease where genetic and environmental factors
interact. This complexity could be an important influence
in the actual classification and treatment of this pathology.
Previously, in an effort to link the current classification with
advances at molecular genetics we found that in several
studies a significant proportion of diabetic patients did not
present a correlation between genotype and phenotype [4–6].

Type 2 diabetes (T2D) diagnosed patients using international
criteria [7] presented Human Leukocyte Antigen (HLA)
alleles associated with type 1 diabetes (T1D) and positive
antibodies in an intermediate value between both types, thus
suggesting the coexistence of both types of diabetes. Several
authors have published about this kind of diabetes [8–14]
and these “atypical patients” cannot be grouped into any
of the established groups by international guidelines. More
importantly, these atypical patients do not have an adequate
response when undergoing treatment [15].

RecentlyMaruthur and colleagues found evidence that in
T2D the pharmacogenetic interactions for some antihyper-
glycemic drugs are consistent with their pharmacokinetics
and pharmacodynamics, showing the importance of genetics
variants [16]. In line with these observations we hypothesized
that in “atypical patients” non-HLA genes, in addition to the
HLA susceptibility alleles, could be influencing the lack of
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genotype-phenotype correlation and the course and develop-
ment of the disease.

Here we perform an in depth analysis of the presence
of other non-HLA loci related to T1D in this atypical
diabetic population, particularly focusing on the insulin gene
(Insulin-Varaibale number tandem repeat, SNP rs689, and
rs3842753). We show that in the Uruguayan population these
variants are in complete linkage disequilibrium [17]. This
region is located on chromosome 11p15.5, in the promoter
region of the insulin gene, and affects the level of transcrip-
tion of INS and IGF2 genes [10, 18]. Mathematical models
estimate that, adding the HLA and VNTR contribution, up
to 60% of the total genetic component of T1D is obtained
[19]. VNTR polymorphisms located in the insulin promoter,
596 bp upstream of the insulin start codon, consist of a highly
polymorphic tandem repeat sequence ACAGGGGTGTGG-
GG (14 pb) whose variants are grouped into three classes
of alleles according to their length [20, 21]. Regarding our
population, VNTR is in linkage disequilibrium with rs689
where class I VNTR allele is associated with autoimmunity
and inherited linked to the Adenine SNP allele. Furthermore
the class III VNTR alleles are associated with autoimmunity
protection and inherited linked to the Timina SNP allele.
Population studies have shown that class III VNTR alleles
have a dominant protective effect and are associated with
a 60–70% reduction in the risk of developing T1D [19–23].
Even in the presence of autoantibodies and a high-risk HLA
genotype, individuals carrying class III VNTR alleles present
a significant reduction in the probability of developing the
disease [24, 25]. Based on this association, major studies have
used 23HphI (rs689) as an associated marker to study the
VNTR [21, 26, 27].

Another SNP in linkage disequilibrium with the variants
described above is rs3842753, a transversion at position +1140
relative to the initial translation codon of the INS gene.
This polymorphism is located in the 3UTR region of the
INS mRNA and the cytosine-containing variant may cause
instability of the mRNA [28]. In European and Uruguayan
populations, the cytosine-containing allele is associated with
T1D and is in complete linkage disequilibriumwith theVNTR
allele of class I and rs698 [17, 25]. Given the likely coexistence
of both types of diabetes in our population and the presence
of linkage disequilibrium as described in previous papers,
we propose the in depth analysis of the genetic profile of
these “atypical patients.” The analysis should include patients
that present a phenotype characteristic of T2D with HLA
susceptibility alleles associated with T1D compared to (a) the
general population and (b) type 1 diabetes and type 2 diabetes
patients without a HLA association.

2. Materials and Methods

In this unmatched case-control study, a total of 913 individu-
als, including diabetes patients (413) and controls (500), were
enrolled between 2004 and 2012. Recruitment of patients was
done by the outpatient health center of Montevideo city.

2.1. Control Samples. We selected 500 unrelated individuals
from the DNA bank of the Department of Biodiversity and
Genetics, IIBCE. This collection is a representative sample of
Montevideo’s general population and was randomly selected
from 15 different medical institutions, public and private,
when individuals assisted to their annual routine control.

Due to local legislation at the time (ref. 1081/1996), the
MSP (Public Health Ministry) did not authorize collecting
information about the clinical characteristics of patients
when the study involved analyses of DNA samples.Therefore,
the only characteristic recorded for this population is the age
(>18 years old).

2.2. Diabetic Patient Samples. 413 patients from 3rd attention
level at Clinics for Diabetes of Reference Health Centers of
Montevideo were analyzed. For the preparation of this study
we only considered those patients receiving comprehensive
care of their diabetes, following a nutritional plan and
presenting a good adherence to physical activity according
to their functional ability within the recommendations of
the American Diabetes Association (ADA) and “Asociación
Latinoamericana de Diabetes” (ALAD) [7, 29]. The diabetes
samples were subclassified as type 1 diabetes, type 2 diabetes,
and “atypical diabetes.”

2.2.1. Type 1 Diabetes Patients (168). Those patients were
defined according to the ADA criteria [22], with an age of
onset < 15 years and a body mass index < 25 kg/mts2.

2.2.2. Type 2 Diabetes Patients, Classical and Atypical (153 +
92). The population diagnosed with T2D was divided into
two groups based on the presence or absence of T1D HLA
susceptibility alleles described in the Uruguayan population
[15, 30] according to the following inclusion criteria.

“Atypical diabetes” (92 individuals) (a) patients who
had good adherence to the treatment; (b) they fulfilled the
objectives of education and nutrition plans according to
international guidelines; (c) present doubts on classification
of diabetic type and/or not good therapeutic response (two
consecutive measurements of glycated hemoglobin within
three months not reduced in 1.5% [31]); (d) patients with
susceptibility HLA alleles for autoimmune disease. We con-
sidered DQB1 ∗ 0201-0302 and DR 3-4 as susceptible ones in
the Uruguay, (e) body mass index ≥ 25 kg/mts2 [32].

2.2.3. Type 2 Diabetes (153 Individuals). Those patients were
fulfilling the same requirements a and b of atypical patients
but without diagnostic doubts, responded to treatment, and
do not present HLA alleles associated with autoimmune
disease.

Samples frompatientswhohad other endocrine disorders
or tumors were excluded.

All subjects were interviewed by specialist medical doc-
tors and gave a written informed consent to participate in the
study.Theprotocolwas approved by the Ethical Committee of
the Ministry of Public Health (MSP) and the corresponding
ethical committee of each participating institution.
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Table 1: Clinical characteristics of diabetes patients.

Variable Median ± SD P corrected
DT1 DT2 AD DT1 versus DT2 DT1 versus AD DT2 versus AD

Age (years) 35.64 ± 17.4 65.05 ± 9.9 61.84 ± 13.4 <0.001 <0.01 0.05
BMI (Kg/m2) 22.96 ± 3.7 31.20 ± 5.7 30.74 ± 5.7 <0.01 <0.01 0.569
HbA1c (%)∗ 9.85 ± 2.4 8.28 ± 1.7 8.32 ± 1.9 <0.01 <0.01 0.859
Cholesterol 4.88 ± 1.4 5.53 ± 1.1 5.23 ± 1.2 0.002 0.99 0.065
HDL 1.50 ± 0.5 12.67 ± 1.7 1.22 ± 0.3 0.013 0.001 0.041
LDL 2.80 ± 1.0 3.33 ± 1.7 3.01 ± 1.1 0.013 0.207 0.1
TG 1.28 ± 0.7 2.26 ± 1.4 2.21 ± 0.2 <0.001 <0.001 0.838
Units without bracket were expressed in IS, BMI = body mass index, TG = triglycerides, and HbA1c (%)∗ = glycated hemoglobin value at initial study.

2.3. Molecular Analysis. Highmolecular weight DNA extrac-
tion was performed from peripheral blood by standard
phenol chloroform protocol.

The HLA typing was performed by reverse ASO tech-
nique (Innogenetics Ltd., Belgium, UE). INS 5VNTR,
rs3842753, and HLA were processed in a previous work [4,
5, 15, 17, 31].

The SNP rs689 (−23HPh1) for controls and T2D were
processed in a previous work [16, 33]: Atypical diabetes
patients were genotyped by PCR-RFLP with the following
primers: forward-5AGCAGGTCTGTTCCAAGG-3 and
reverse-5CTTGGGTGTGTAGAAGAAGC-3 which ampli-
fies a 360 bp fragment. The identification of the genotypes
was performed by digesting the DNA fragments with BsmAI.
Sequencing was used for confirmation of genotypes (Macro-
gen, Ltda, Korea).

2.4. Statistical Analysis. (a) Calculations of power sample
size were done with the Epi Info 3.4.3 database and the
statistics software for public health professionals and the
Quanto statistical package (http://biostats.usc.edu/software)
considering the prevalence of diabetes in Uruguay (8%) [3].
We assumed 95% of confidential interval and power 80% in
an unmatched case-control design.

(b) The statistical analysis of a polymorphism was done
with the web tool for SNP analysis SNPStats (http://bioinfo
.iconcologia.net/snpstats/start.htm).

(c) Selection of inheritancemodel: best inheritancemode
was selected according to SNPStat program. The statistic
follows a chi-square distribution with degrees of freedom
equal to the number of additional parameters in the more
complex model and Akaike information criterion (AIC) and
Bayesian information criterion (BIC). The statistical test
𝑃 values were calculated via an exact test. The reference
category used by program was the homozygous form.

(d) Hardy-Weinberg equilibrium (HWE) for allelic and
genotype frequencies was tested by chi-square test.

(e) Association between one polymorphism and disease:
we make the contingency table and then apply a chi-square
test and the estimation of the OR (odds ratio) for each
genotype with respect to the reference genotype (Epi Info and
SNPStat).

(f) Haplotype analysis: D statistic (under the assumption
of no association) and correlation coefficient between alleles

and the observed frequency were done. Linkage disequilib-
rium and haplotype were calculated with SNPStat program.
Analysis of multiple SNPs and haplotype and analysis of
association between haplotypes and disease were done.

3. Results

Nine hundred and thirteen DNAs were analyzed in this
study. Five hundred correspond to samples obtained from
the general population of Uruguay and four hundred and
thirteen correspond to diabetes patients. First we analyzed
the clinical characteristics of diabetes patients and performed
the comparison between the three groups defined previously
(Table 1). We found a significant statistical difference when
we compared T1D with any other subgroup in all variables
considered. However, the only difference between T2D and
“atypical diabetes” was in the level of HDL. These results are
in accordancewith previous reports [14]. Our genetic analysis
showed that all SNPs analyzed in all groups were in Hardy-
Weinberg equilibrium (HWE). The best heredity model for
each SNP analyzed was the log-additive model, according
to the AIC and BIC criteria of the SNPstat program. Allelic
frequencies for all samples and association with the disease
are shown in Tables 2(a), 2(b), and 2(c).

According to the D value and the correlation coefficient
between alleles and the observed frequency, the evaluated
haplotype was in linkage disequilibrium with all SNPs ana-
lyzed. The most frequent haplotype was IAC in controls and
diabetes patients (Table 3).Haplotypewith frequenciesminor
1% was considered rare. Regarding the association with the
disease, the high protective effect (IIITA) was present in T1D.
The contingency table for haplotypes associated with T1D
versus no presence of this haplotype revealed an association
in T1D and “atypical diabetes” but resulted in no significant
association in T2D (Table 4).

4. Discussion

Our study allowed us to analyze the genetic profile of “atypical
diabetes” comparing the phenotype of type 2 diabetes with
HLA susceptibility alleles in the general population, T1D,
and T2D without HLA associated. Based on our results we
propose that this marker can aid in the diagnosis and man-
agement of patients who present difficulties in control and
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Table 2: Allelic frequencies of the SNPs: (a) type 1 diabetes, (b) type
2 diabetes, and (c) atypical diabetes.

(a)

Variant
Allelic frequencies

OR CI 𝑃

correctedType 1
diabetes Control

INS-VNTR
I 0.91 0.72 3.79 2.51–5.74 0.000
III 0.09 0.28

rs689
A 0.88 0.72 2.83 1.96–4.09 0.0000
T 0.12 0.28

rs3842753
A 0.86 0.72 2.44 1.72–3.47 0.0001
C 0.14 0.28

(b)

Variant
Allelic frequencies

OR CI
𝑃

correctedType 2
diabetes Control

INS-VNTR
I 0.75 0.72 1.28 0.94–1.72 0.11
III 0.25 0.28

rs689
A 0.67 0.72 0.81 0.60–1.07 0.14
T 0.33 0.28

rs3842753
A 0.68 0.72 0.84 0.63–1.12 0.26
C 0.32 0.28

(c)

Variant
Allelic frequencies

OR CI
𝑃

correctedAtypical
diabetes Control

INS-VNTR
I 0.82 0.72 1.75 1.13–2.71 0.01
III 0.18 0.28

rs689
A 0.79 0.72 1.51 1.51–2.25 0.04
T 0.21 0.28

rs3842753
A 0.74 0.72 1.23 0.84–1.79 0.31
C 0.24 0.28

OR: odds ratio; CI: confidence intervals.

follow-up. In addition, our analysis of the INS VNTR locus,
as the second marker of importance for T1D susceptibility,
further supports the notion that patients with difficulties in
all approach areas (diagnosis, treatment, and evolution) have
a strong genetic basis.

The last ADAguidelines classified diabetes in four clinical
categories but recognized that some patients cannot be clearly

Table 3: Haplotype frequencies for all groups.

INS rs689 rs3842753 Freq.

Type 1 diabetes

I A C 0.7492
III T A 0.2275
I T A 0.012

Rare ∗ ∗ 0.0113∗

Type 2 diabetes

I A C 0.7035
III T A 0.2703
I T A 0.0199

Rare ∗ ∗ 0.0062

Atypical diabetes

I A C 0.7187
III T A 0.2558
I T A 0.0119
∗Rare ∗ ∗ 0.0136

∗Means other haplotypes different to previous.

Table 4: Haplotype association with the disease.

Haplotype OR (95% CI) 𝑃 value

Diabetes type 1 IAC 2.60 (1.82–3.72) <0.0001
No IAC

Diabetes type 2 IAC 0.83 (0.62–1.10) NS
No IAC

Atypical diabetes IAC 1.50 (1.01–2.23) <0.05
No IAC

NS = non significant.

classified as type 1 or 2 diabetes. Importantly, such difficulties
in classification may occur at any age and genetic studies
could improve the timely diagnosis in these kinds of patients,
without having to wait for the disease to progress.

Mathematicalmodels estimate that together theHLA and
INS VNTR contribution may account for near 60% of the
total genetic basis for developing T1D [19]. Therefore these
markers, typically associated with autoimmune diabetes,
when present in T2D patients, can modify the expected
development of the pathology.

It has been shown that the second susceptibility locus
for autoimmune disease, after HLA, corresponds to a mini
satellite in the insulin gene (INS-VNTR) and in Caucasians
populations this VNTR is in linkage disequilibrium with
−23HphI SNP. Previous studies estimate that 10% of the
genetic susceptibility to T1D corresponds to thismini satellite
[20].

In previous works, we showed that there are patients in
our population who cannot be classified as either type 1 or
type 2 diabetes according to the international guidelines.The
clinical presentation, evolution, and difficulty in reaching
expected therapeutic goals make them “atypical patients”
in relation with HLA alleles [14]. Now we have gained
insight into understanding the genetic basis of “atypical
diabetes” by showing an association with genes different
from HLA. It is noteworthy that, in these patients, there are
no homozygous individuals for allele III of 5VNTR. The
protective allele III in the promoter region of INS is associated
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with a greater functional reserve of 𝛽 cells in response to
a direct hyperglycemic stimulus [34]. Although we did not
analyze the functional reserve of beta cells, it is striking to
find a high frequency of susceptibility allele I in “atypical
patients” and lower presence of III alleles in their genotypes.
This observation could suggest an earlier beta cell failure in
these patients and therefore could be one possible explanation
to understand the cellular basis of their bad treatment
response, a possibility that should be analyzed in future
investigations.

In conclusion, our results confirm that atypical diabetes
is a different entity of the disease where patients combine
a genetic background of T1D with a T2D phenotype, thus
highlighting the importance of genetics as a new tool in
clinical practice.
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MicroRNAs (miRNAs) are short noncoding RNAs involved in posttranscriptional regulation of gene expression and influence
many cellular functions including glucose and lipidmetabolism.We previously reported that adipose tissue (AT) fromwomenwith
polycystic ovary syndrome (PCOS) or controls with insulin resistance (IR) revealed a differentially expressed microRNA (miRNA)
profile, including upregulatedmiR-93 in PCOS patients and in non-PCOSwomenwith IR.OverexpressedmiR-93 directly inhibited
glucose transporter isoform 4 (GLUT4) expression, thereby influencing glucose metabolism.We have now studied the role of miR-
223, which is also abnormally expressed in the AT of IR subjects. Our data indicates that miR-223 is significantly overexpressed in
the AT of IRwomen, regardless of whether they had PCOS or not. miR-223 expression in ATwas positively correlated withHOMA-
IR. Unlike what is reported in cardiomyocytes, overexpression of miR-223 in human differentiated adipocytes was associated with
a reduction in GLUT4 protein content and insulin-stimulated glucose uptake. In addition, our data suggests miR-223 regulates
GLUT4 expression by direct binding to its 3 untranslated region (3UTR). In conclusion, in AT miR-223 is an IR-related miRNA
that may serve as a potential therapeutic target for the treatment of IR-related disorders.

1. Introduction

MicroRNAs (miRNAs) are short (20–24 nucleotide) non-
coding RNAs involved in posttranscriptional regulation of
gene expression. miRNA genes can be epigenetically reg-
ulated and miRNAs can themselves repress key enzymes
that drive epigenetic remodeling and directly modulate gene
transcription in the nucleus through recognition of specific
target sites in promoter regions [1]. miRNAs influence many
cellular functions including glucose and lipid metabolism
[2–6]. Insulin resistant adipocytes are known to contain a
differentially expressedmiRNAprofile [7]. In insulin resistant
3T3-L1 adipocytes, approximately 80 miRNAs have been

found to be up- or downregulated [8], while miR-320 and
miR-29 have been demonstrated to regulate insulin action
through the PI3K/AKT pathway [5, 8].

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine disorders, affecting ≥7–9% of repro-
ductive-aged women, even when defined conservatively [9].
About 60–70% of PCOS patients demonstrate insulin resis-
tance (IR) above and beyond that predicted by body mass,
race, or age, resulting in compensatory hyperinsulinemia and
an increased risk for type 2 diabetes mellitus (T2DM) and
metabolic syndrome. The underlying cellular mechanisms
leading to IR in PCOS remain to be completely elucidated, as
no gross defects in the traditional insulin signaling pathways
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have been found, including insulin binding, insulin receptor
expression, and the IRS-1/PI3 K/AKT pathway [10, 11].

We previously reported that miR-93 is upregulated in
adipose tissue (AT) from PCOS and non-PCOS women who
display IR [11]. Overexpressed miR-93 directly inhibits glu-
cose transporter isoform 4 (GLUT4) expression, influencing
glucose metabolism. In addition we also observed that miR-
223was abnormally expressed in PCOSwomenwith IR.miR-
223 is overexpressed in insulin resistant myocardial cells and,
paradoxically, overexpression of miR-223 by transfection has
been reported to increase GLUT4 protein expression but not
mRNA, thereby improving glucose uptake in cardiomyocytes
[12].

It is unclear whether miR-223 may also regulate IR in
adipocytes. In the present study, we examined the role of
miR-223 in the AT of four groups of women: those without
PCOS or IR; those without PCOS, but with IR; those with
PCOS, but without IR; and women with PCOS and IR. We
hypothesized that abnormal expression of miR-223 plays a
role in the metabolic dysfunction of PCOS and IR.

2. Materials and Methods

2.1. Study Subjects. Subcutaneous abdominal AT samples
from 33women (30White, 1 Black, and 2Asian) were studied.
Subjects were recruited at the Cedars-Sinai Medical Center
in Los Angeles. The diagnosis of PCOS was performed as
previously described [11]. In brief, the diagnosis of PCOS
was made according to the National Institutes of Health
(NIH) 1990 criteria [13]: (i) clinical evidence of hyperan-
drogenism and/or hyperandrogenemia; (ii) oligoovulation;
and (iii) the exclusion of related disorders. Specific criteria
for defining clinical hyperandrogenism, hyperandrogenemia,
oligoovulation, and the exclusion of related disorders have
been previously described [13]. All subjects had no significant
illness including diabetes, had not received hormonal therapy
or medications that could alter the metabolic or hormonal
status for at least three months before the study, and were
between the ages of 18 and 45 years. The study was approved
by the Institutional Review Board, and all subjects gave
informed written consent.

2.2. Hormonal Assays. Hormonal assays for total and free
testosterone (T), dehydroepiandrosterone sulfate (DHEAS),
insulin, and glucose were performed as previously described
[14].

2.3. Adipose Tissue Biopsy and Real-Time PCR (qPCR).
Approximately 5 g of subcutaneous ATwas excised through a
small incision in the lower abdomen, as previously described
(http://www.youtube.com/watch?v=Gy2pFUjDlDM [15]).
Total RNA was extracted using the miRACLE Isolation
Kit (Jinfiniti Biosciences, Augusta, GA). First-strand cDNAs
of mRNA and miRNA were synthesized using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosys-
tems, Foster City, CA) and First-Strand cDNA Synthesis Kit
for miRNA (OriGene, Rockville, MD). Real-time PCR was
performed using an iTaq Universal SYBR Green Supermix

(Bio-Rad Laboratories, Inc., Hercules, CA). Primers were
purchased from OriGene. Experiments were performed on
an Applied Biosystems 7300 Real-Time PCR System. ACTB
and miR-103 [16] were used as internal controls. Relative fold
change of targets genes expressionwas calculated by using the
2
−ΔΔCt method.

2.4. Differentiation of Human Preadipocytes to Adipocytes. To
induce differentiation, preadipocytes were cultured to full
confluence and then maintained in differentiation medium
(Cat# DM-2, Zen-Bio Inc., Research Triangle Park, NC) for
one week (day 7 of differentiation) before being cultured
in adipocyte medium (Cat# AM-1, Zen-Bio Inc., Research
Triangle Park, NC) for an additional week (day 14 of differ-
entiation).

2.5. Western Blot. For western blot analysis, 30 𝜇g protein
was utilized. Blots were probed with specific primary anti-
bodies and the appropriate secondary antibodies (Jackson
ImmunoResearch Lab. West Grove, PA). 𝛽-actin was used
as a loading control. GLUT4 antibody was purchased from
Abcam, Cambridge, MA.

2.6. Transfection. Transfection was performed as described
previously [17]. Briefly, for each well of 6-well plate, 2 𝜇g of
plasmid was used for transfection. miR-223 overexpression
plasmid (Cat# SC400292), noninsert empty plasmid control
(Cat# PCMVMIR), and transfection reagent MegaTran 1.0
(Cat# TT200002) were purchased from OriGene (Rockville,
MD). Assays were done at 48 hours after transfection.

2.7. Luciferase Reporter Assay. A luciferase reporter assay
was performed as described previously [17]. GLUT4 3UTR
luciferase plasmid was purchased from OriGene (Rockville,
MD). The 3UTR luciferase plasmid (1 𝜇g) with either miR-
223 overexpression or empty plasmid (2 𝜇g) was transfected
in each well of a 12-well plate. 48 hours after transfection
luciferase activity was assayed by a luciferase assay sys-
tem (Promega, Madison, WI) measured on a fluorescence
microplate reader (POLARstar Omega, BMG Labtech, Ger-
many).

2.8. Glucose Uptake Assay. 6-NBDG (6-(N-(7-nitrobenz-2-
oxa-1,3-diazol-4-yl)amino)-6-deoxyglucose; Life Technolo-
gies, Carlsbad, CA) was used to determine insulin-stimulated
glucose uptake in human differentiated adipocytes. Briefly,
insulin-stimulated glucose uptake was determined by first
changing the adipocyte medium to a low-glucose serum free
(LGSF)medium (0.1%BSA) for 4 hours. Insulin (100 nM)was
added and incubated for another 1 hour. After incubation,
6-NBDG (20𝜇M) was added and incubated for 40 minutes.
After incubation with 6-NBDG, adipocytes were washed
three times with PBS, lysed by adding lysis buffer. 6-NBDG in
cell lysate was measured on a fluorescence microplate reader
(POLARstar Omega, BMG Labtech, Germany; excitation:
485 nm, emission: 535 nm).
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Table 1: Clinical characteristics of study subjects.

Non-PCOS without IR
(𝑛 = 7)

Non-PCOS with IR
(𝑛 = 9)

PCOS
(𝑛 = 8)

PCOS with IR
(𝑛 = 11)

BMI (kg/m2) 24.58 ± 5.47 34.97 ± 6.76
∗∗

24.81 ± 3.16 31.31 ± 5.55

Age (yrs) 33.17 ± 8.47 34.86 ± 7.08 28.29 ± 2.36 27.00 ± 4.76

mFG score 0.17 ± 0.41 0.63 ± 0.92 5.71 ± 5.40
∗

7.00 ± 3.59
∗∗

Free testosterone (pg/mL) 1.73 ± 0.33 2.66 ± 1.29 4.56 ± 2.47
∗

6.66 ± 2.51
∗∗

Total testosterone (ng/mL) 26.50 ± 5.54 23.86 ± 3.76 45.71 ± 25.42 37.90 ± 19.14

DHEAS (𝜇g/dL) 127.8 ± 30.7 252.7 ± 31.7
∗

286.3 ± 31.2
∗∗

244.6 ± 23.1
∗

Fasting glucose (mcg/dL) 68.50 ± 14.39 87.38 ± 8.85 88.14 ± 5.58
∗

93.15 ± 17.03
∗∗

Fasting insulin (mIU/mL) 5.00 ± 3.56 13.75 ± 3.24
∗

5.50 ± 2.35 20.43 ± 7.16
∗∗++

HOMA-IR 0.88 ± 0.67 2.94 ± 0.66
∗

1.20 ± 0.58 4.65 ± 1.61
∗∗++

Prolactin (ng/mL) 13.3 ± 5.50 10.99 ± 5.54 10.37 ± 5.14 12.83 ± 5.99

TSH (IU/mL) 2.05 ± 0.53 2.94 ± 1.48 1.66 ± 0.70 1.95 ± 0.93

17-HP (ng/dL) 25.29 ± 9.23 21.14 ± 7.24 29.90 ± 20.09 35.86 ± 14.86

Data are expressed as mean ± SD.
∗∗
𝑃 < 0.01 versus control group.
∗
𝑃 < 0.05 versus control group.
++
𝑃 < 0.01 versus PCOS group.

mFG score is the modified Ferriman-Gallwey hirsutism score; HOMA-IR is homeostasis model assessment for estimating insulin resistance. DHEAS is
dehydroepiandrosterone sulfate, TSH is thyroid stimulating hormone, and 17-HP is 17 alpha-hydroxyprogesterone.

2.9. Statistical Analysis. Insulin resistance at baseline was
estimated using the homeostasis model assessment (HOMA-
IR); a HOMA-IR value <2.5 was considered normal and
a HOMA-IR value ≥2.5 indicated IR [18]. Comparisons of
multiple groups were carried out by ANOVA followed by
a posttest analysis using the Fisher (among groups) and
Dunnett (compared to controls) tests (XLSTAT Software,
NY). Logistic regression was used to adjust data for body
mass index (BMI). Group comparisons (PCOS versus non-
PCOS and IR versus non-IR) were carried out by unpaired
Student’s 𝑡-test (SAS 9.3, SAS Institute Inc., Cary, NC).
Significant differences were defined as 𝑃 < 0.05. All values
are presented as mean ± SEM.

3. Results

Of the 33 subjects included, 15 (7 without and 8 with PCOS)
did not have IR as defined. Among the 18 subjects with IR,
8 did not have PCOS and 10 had PCOS. Table 1 depicts the
clinical characteristics of the subjects included. As expected,
subjects with PCOS had higher values for terminal body and
facial hair growth and free T; and subjects deemed to have
IR by HOMA-IR also had higher insulin levels than those
without IR. While no subjects had diabetes as measured by
fasting glucose, mean glucose in women with PCOS and IR
was higher than non-PCOS non-IR women.

The expression of miR-223 was significantly increased
among all women with IR (𝑃 = 0.0004; Figure 1(a)).
However, no difference in miR-223 expression was detected
(Figure 1(b)) with regard to PCOS status. Comparing all
four subgroups (7 subjects without PCOS and without IR,
8 without PCOS but with IR, 8 with PCOS but without
IR, and 10 with both PCOS and IR), miR-223 was only
significantly overexpressed in the two groups of women with

IR, compared to subjects without PCOS and without IR (𝑃 <
0.01; Figure 1(c)). Next, we examined the association of miR-
223 expression with measures of IR, including HOMA-IR.
Our results indicated that miR-223 expression was positively
correlated with HOMA-IR (𝑟 = 0.64, 𝑃 < 0.01; Figure 1(d))

Subjects with IR (regardless of the presence of PCOS)
tended to have a greater mean body mass index (BMI) than
subjects without IR (Table 1), a difference that reached signif-
icance only in women without PCOS, between those with IR
and those without IR. There were no statistical differences in
age. To gauge the possible effects of these differences on miR-
223 expression we first determined whether an association
existed between miR-223 expression and age or BMI for the
entire group combined. Our results indicate that miR-223
expression did not vary according to age (𝑟 = −0.11, 𝑃 =
0.288) but was positively correlated with BMI (𝑟 = 0.46,
𝑃 = 0.01). Consequently, we compared miR-223 expression
values adjusted for BMI for subjects with and without PCOS
and with and without IR. The adjustment did not change our
results, with the difference in miR-223 expression between
women with and without IR (𝑃 = 0.0193) and the absence
of a difference between women with and without PCOS (𝑃 =
0.1178) (Table 2) remaining.

To determine the role of and mechanism by which miR-
223 induced IR in adipocytes, we overexpressed miR-223
in human differentiated adipocytes in vitro to achieve an
approximately twofold increase in expression compared to
empty plasmid controls (𝑃 < 0.01; Figure 2(a)), simi-
lar to the level of miR-223 overexpression in human AT
(Figure 1(a)). We found overexpression of miR-223 inhibited
glucose uptake stimulated by insulin in human differen-
tiated adipocytes in vitro (Figure 2(b)). In addition, our
data indicated that the induced overexpression of miR-223
was associated with a decrease in GLUT4 protein content
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Figure 1: miR-223 expression in human AT. (a) Depicted is comparison of the levels of miR-223 expression in the AT of women with and
without IR; miR-223 was significantly overexpressed in the IR group. (b) Depicted is comparison of the levels of miR-223 expression in the
AT of women with and without PCOS; the expression of miR-223 did not differ between two groups. (c) Depicted is comparison of the levels
of miR-223 expression in the AT of women: (A) without PCOS or IR, (B) without PCOS (non-PCOS), but with IR, (C) with PCOS and IR,
and (D) with PCOS, but without IR; the expression of miR-223 was significantly higher in the AT in women with IR. ∗∗𝑃 < 0.01 comparing
tissues from women with or without PCOS and with IR versus that of women without PCOS or IR. (d) Depicted is the association between
miR-223 expression and HOMA-IR. (Two group comparisons, (a) and (b), were carried out by unpaired Student’s 𝑡-test; comparison of (d)
was carried out by ANOVA followed by a posttest by using the Fisher (among groups) and Dunnett (compared to control group) test.)

Table 2: Relationship of miR-223 to PCOS and IR status and BMI.

Unadjusted Adjusted

Odds ratio 95% CL∗∗
(lower, upper)

𝑃 value Odds ratio 95% CL∗∗
(lower, upper)

𝑃 value

IR versus non-IR
miR-223∗ 1.144 (1.037, 1.262) 0.0071 1.134 (1.021, 1.260) 0.0193
BMI 1.135 (0.985, 1.308) 0.0810 1.029 (0.881, 1.202) 0.7158

Unadjusted Adjusted

Odds ratio 95% CL∗∗
(lower, upper)

𝑃 value Odds ratio 95% CL∗∗
(lower, upper)

𝑃 value

PCOS versus non-PCOS
miR-223∗ 1.027 (0.971, 1.087) 0.3525 1.059 (0.985, 1.139) 0.1178
BMI 0.929 (0.822, 1.049) 0.2350 0.875 (0.749, 1.023) 0.0937

∗ThemiR-223 has been multiplied by 100 for the depiction of the odds ratio and confidence limit; the 𝑃 value of the comparisons is not affected.
∗∗95% CL is the 95% confidence limit.
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Figure 2: miR-223 regulates GLUT4 expression in human differentiated adipocytes. (a), (c), and (d) Depicted are the miR-223, GLUT4
protein, and GLUT4 gene expression in human differentiated adipocytes after being transfected with miR-223 overexpression plasmid. (b)
Depicted is 6-NBDG uptake stimulated by insulin in human differentiated adipocytes after being transfected with miR-223 overexpression
plasmid. (e) Depicted is a GLUT4 3UTR predicted binding site for miR-223. (f) Depicted is the GLUT4 3UTR luciferase reporter which was
repressed by overexpression of miR-223. ∗∗𝑃 < 0.01 comparing to empty plasmid. (In (a), (c), (d), and (f), the comparisons of significance
were carried out by unpaired Student’s 𝑡-test. In (b), the comparison of significance was carried out by ANOVA followed by a posttest by using
the Fisher (among groups) and Dunnett (compared to control group) test.)
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(Figure 2(c)), but not GLUT4 gene expression (Figure 2(d)).
These data suggest GLUT4 could be a direct target of miR-
223. Analysis of GLUT4 3UTR sequence using the free
energy-basedmiRNAprediction programPITA [18] revealed
one potential target site for miR-223 in GLUT4 (Figure 2(e)).
To address whether direct binding of miR-223 to the GLUT4
3UTR is responsible for the observed suppression of GLUT4,
we performed a luciferase assay in which direct binding
of miR-223 to the vector GLUT4 3UTR gene transcript
would repress a luciferase reporter. Transient cotransfection
of miR-223 and luciferase expression plasmids in human
differentiated adipocytes demonstrated direct binding of
miR-223 to the GLUT4 3UTR site, resulting in a significant
reduction in luciferase (Figure 2(f)).

As tumor necrosis factor-𝛼 (TNF-𝛼) induces IR in
adipocytes [19], the role of TNF-𝛼 in the regulation of
miR-223 expression in human differentiated adipocytes was
also examined. Consistent with the hypothesis that TNF-𝛼
increases IR in adipocytes, at least in part, via themodulation
of miR-223 expression, we observed that treatment of human
differentiated adipocytes with TNF-𝛼 (10 ng/mL) for 24 hours
significantly increased miR-223 expression (Figure 3).

4. Discussion

In a previous study, we examined the expression of miR-223
in AT from a total of 25 subjects, and our findings indicated
that miR-223 tended to be overexpressed in PCOS and non-
PCOS women with IR [11]. These trends were confirmed in
the present study, analyzing a larger number of subjects, such
that miR-223 was significantly overexpressed in women with
IR, regardless of PCOS status.

GLUT4 is the major protein responsible for insulin-
mediated glucose translocation into adipocytes [20] and plays
an important role in the regulation of glucose homeostasis. In
adipocytes a 50% decrease in GLUT4 content leads to a 50%
decrease in GLUT4 translocation [21]. Moreover, AT-specific
GLUT4 impacts glucose tolerance, insulin sensitivity, and
glucose metabolism in vivo [22, 23]. GLUT4 gene expression
in AT correlated with HOMA-IR [11]. In cardiomyocytes,
overexpression of miR-223 stimulates glucose uptake and
increases GLUT4 protein content but not the level of mRNA
[12].

In the present study, we examined the regulation of
GLUT4 expression by miR-223. Similar to cardiomyocytes
[12], overexpression of miR-223 in adipocytes did not alter
GLUT4mRNA expression. However, unlike cardiomyocytes,
miR-223 overexpression was associated with a decrease in
GLUT4 protein content and glucose uptake in AT. The
discrepancy between cardiomyocytes and adipocytes could
solely reflect differences in tissue specific regulation. How-
ever, miR-223 does appear to be overexpressed in AT and the
myocardium of IR subjects and suggests that miR-223 may
serve as a therapeutic target for IR.

In cardiomyocytes, overexpression of miR-223 enhances
insulin-stimulated glucose uptake by increasing GLUT4 but
not by altering insulin signaling and AMPK activity (baseline
and phosphorylation) [12]. Insulin signaling components and
AMPK are not targets of miR-223.This suggests that reduced
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Figure 3: TNF-𝛼 induces expression of miR-223 in human differ-
entiated adipocytes. Human differentiated adipocytes were treated
with TNF-𝛼 (10 ng/mL) for 24 hours. Expression of miR-223 was
detected by real-time PCR. ∗∗𝑃 < 0.01 comparing to control; the
comparisons of significance were carried out by unpaired Student’s
𝑡-test.

insulin-stimulated glucose uptake in miR-223 overexpressed
human differentiated adipocytes could be due to decreased
levels of GLUT4, not by altering GLUT4 translocation.

That miR-223 decreased GLUT4 protein, but not mRNA,
in adipocytes which suggests that miR-223 may regulate
GLUT4 expression by binding to its 3UTR. Although in
silico analysis (algorithms miRanda, PicTar, and TargetScan)
indicated that GLUT4 was not a predicted target of miR-223,
we found one potential binding site in the 3UTR sequence
of GLUT4 by using the free energy-based miRNA prediction
program PITA. Furthermore, by the GLUT4 3UTR reporter
assay, we demonstrated that miR-223 regulates GLUT4
expression by direct binding to its 3UTR site.

We previously reported that the expression ofmiR-93 was
significantly increased in the subcutaneous abdominal AT of
all PCOS patients studied and non-PCOS women with IR
[11]. Alternatively, miR-223 was increased in women with IR,
regardless of PCOS status. Both miR-93 and miR-223 reg-
ulated GLUT4 protein content in adipocytes [11]. Together,
these data suggest that miR-93 expression is associated with
both IR and PCOS, whereasmiR-223 is not involved in PCOS
per se but is related to IR. As we previously noted that PCOS
women with IR had the lowest expression of GLUT4 [11], it is
possible that miR-93 and miR-223 may have additive effects
on the regulation of GLUT4 expression.

In addition to our findings that miR-223 and miR-93
regulate IR in AT by targeting GLUT4, these two miRNAs
have also been found to suppress proinflammatory activa-
tion of macrophages by targeting IRAK4 (for miR-93) [24]
and Pknox1 (for miR-223) [25]. Macrophage activation is
associated with IR [26]; therefore, these data suggest that
miR-223 and miR-93 could also regulate IR by regulating
inflammation.

miR-223 and miR-93 have been found to have similar
functions yet they may or may not target the same genes.
Both miRNAs regulate cancer activity by targeting the same
gene E2F1 [27, 28]. However, to promote cancer activity, they
also target different genes including C/EBP𝛽, FOXO1, NFI-A,
STAT5A, ARTN, FBXW7, and SEPT6 (for miR-223) [29–33]
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and FUS1, RhoC, PTEN, CDKN1A, TGF𝛽R2, and NRF2
(for miR-93) [34–38]. Both miRNAs act as antiangiogenesis
regulators, but miR-93 directly targets vascular endothelial
growth factor A (VEGF-A) [39], while miR-223 targets 𝛽1
Integrin [40]. These data suggest that miR-223 and miR-93
may also have additive effects on these functions.

In conclusion, our data indicates that miR-223 is over-
expressed in the subcutaneous AT of subjects with IR,
regardless of PCOS status, and that miR-223 expression is
positively associated with IR in vivo. Overexpression of miR-
223 decreased GLUT4 protein content and inhibited insulin-
stimulated glucose uptake in cultured human adipocytes. In
addition TNF-𝛼 induced miR-223 expression in vitro, sug-
gesting that TNF-𝛼 exerts its negative effect on insulin action
at least in part through its modulation of the expression of
this miRNA. Together these data suggest the possibility that
miR-223 could be a potential therapeutic target for IR.
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Aim. Metabolic syndrome is characterized by a cluster of atherosclerotic cardiovascular risk factors. The cardioankle vascular
index (CAVI) reflects arterial stiffness and may be used as an indicator of atherosclerotic cardiovascular disease. In this study,
we investigated the association of CAVI with metabolic syndrome. Methods. A total of 1,144 adults were included in this study.
We measured CAVIs and examined blood samples to identify metabolic syndrome according to WHO Asia Pacific criteria and
NCEP-ATPIII criteria. AST, ALT, r-GTP, BUN, creatinine, high sensitivity C-reactive protein, and uric acid were also measured.
Results. CAVI values were significantly higher in subjects with metabolic syndrome than those without metabolic syndrome and
increased according to the number of metabolic syndrome components present. Subjects with high fasting blood sugar levels or
high blood pressure showed high CAVI values. Multiple regression analysis showed that age, sex, diastolic blood pressure, and
uric acid were independent predictors of CAVI. Conclusion. Subjects with metabolic syndrome had high CAVIs, which indicated
arterial stiffness, and were closely associated with an increase in the number of metabolic risk factors. The individual risk factors
for metabolic syndrome have the synergistic effect of elevating arterial stiffness in asymptomatic Korean population.

1. Introduction

Metabolic syndrome is an abnormal metabolic state caused
by a combination of arteriosclerotic risk factors such as
abdominal obesity, dyslipidemia, glucose intolerance, and
hypertension and is related to insulin resistance [1]. The
national nutrition survey in Korea from 2007 to 2010 showed
that the prevalence of metabolic syndrome in Korean adults
aged over 30 years was 31.9% in men and 29% in women.
Due to the fact that the lifestyle and food habits of the Korean
people have become westernized and that the population has
aged, metabolic syndrome continues to increase gradually
in Korea [2]. Metabolic syndrome is associated with early
vascular alterations, such as increased arterial stiffness and
vascular endothelial cell injury, and increases the morbidity
rate of type 2 diabetes mellitus and the mortality rate of
cardiovascular disease [3, 4].

Pulse wave velocity (PWV) can be measured easily in
noninvasive ways and has been considered a predictor of
cardiovascular disease, reflecting vascular injury and arterial
stiffness [5, 6]. Among thesemeasures of PWV, brachial ankle
PWV is seriously affected by hemodynamic variables such
as blood pressure and autonomic nerve function, while the
cardioankle vascular index (CAVI) is not influenced by blood
pressure but reflects the stiffness of all blood vessels, including
the aorta, the femoral artery, and the tibial artery [7]. CAVI,
when measured with high accuracy, can be used as a more
reliable indicator of arterial stiffness and the health of the
arteries as they pertain to arteriosclerosis [7].

Nakamura reported that among 109 male and female
adults who had undergone coronary angiography there was
a positive relationship between the number of blood vessels
with coronary artery stenosis and CAVI and a meaningful
correlation between the severity of coronary atherosclerosis
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and the increase of CAVI [8]. It was suggested that CAVI can
be used as a predictor of cardiovascular disorders in people
with risk factors for cardiovascular disorders.

There is one study that showed the association between
metabolic syndrome and CAVI in Chinese population. But
there is a distinct lack of research on the usefulness of
CAVI as an indicator of arterial stiffness in Korean metabolic
syndrome patients. Research is needed to determine whether
CAVI can be used as a good early predictor of cardiovascular
disease and whether there is a relationship between CAVI
and risk factors for cardiovascular disorders in metabolic
syndrome. Thus, in this study, we investigate the relationship
between CAVI and metabolic syndrome in Korean men and
women.

2. Methods

2.1. Subjects. From January 2011 to January 2012, 1,144 male
and female adults who had undergone a complete physical
examination at a hospital in Gyeonggi-do were recruited.
Eight who had a history of cancer, heart disease, and periph-
eral vascular disease were excluded.

2.2. Ethics Statement. This study was implemented in accor-
dance with ethical and safety guidelines upon the approval
of the Institutional Review Board in The Catholic University
of Korea, St. Vincent’s Hospital (IRB approval number UC
13RISI 0010). The study was exempted from the written
informed consents of participants because we reviewed the
health screening data and medical record retrogradely. The
IRBs approved this consent procedure.

2.3. Physical Measurements and Blood Test. Weight and
height were measured to one decimal place in kilograms and
centimeters, respectively. Body mass index was calculated
by dividing weight (kg) by the value of the square of
height (cm2). Waist circumference (WC) was measured in
centimeters at the midsection from the lower rib to the
upper crista iliaca, while subjects were standing with their
feet 30 cm apart, exhaling comfortably. Blood pressure was
measured with an automatic blood pressure monitor while
subjects were seated after having rested for 20 minutes. In the
morning after subjects had fasted overnight, blood samples
were drawn from the brachial veins. Fasting plasma glu-
cose (FPG), triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), aspartate transam-
inase (AST), alanine transaminase (ALT), gamma-glutamyl
transpeptidase (r-GTP), blood urea nitrogen (BUN), creati-
nine (Cr), high sensitivity C-reactive protein (hs-CRP), and
uric acid (UA) were also measured.

2.4. Measurement of CAVI. CAVI was measured noninva-
sively using a Vasera VS-1000 system. While subjects were
resting in the supine position, cuffs were wrapped around
both their upper arms and ankles. Electrocardiographic elec-
trodes were attached to the upper arms, and a microphone
was placed on the sternal angle tomeasure blood pressure and
record an electrocardiogram and a phonocardiogram. After

around 5minutes, volumewaveforms and the other data were
printed from an embedded printer. PWV was calculated by
dividing the directly measured length from the heart to the
artery of ankle joint by the sum of the arrival time interval of
the brachial pulse wave and the pulse wave of the ankle joint
and the time from the closing sound of the aortic valve to the
notch of the brachial pulse wave. From this value, the values
of the brachial systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were applied to the formula of the
stiffness parameter 𝛽. CAVI, based on the formula of stiffness
parameter 𝛽, reflects the stiffness of the aorta, femoral artery,
and tibial artery and is not influenced by blood pressure.
CAVI was calculated using the following formula [5]:

CAVI = 𝑎 [(
2𝜌

Δ𝑃
) × ln(

𝑃
𝑠

𝑃
𝑑

)PWV2] + 𝑏 (1)

(𝑃
𝑠
is SBP; 𝑃

𝑑
is DBP; Δ𝑃 = 𝑃

𝑠
− 𝑃
𝑑
; 𝜌 is blood density; and 𝑎

and 𝑏 are constants).

2.5. Definition of Metabolic Syndrome. Metabolic syndrome
was defined according to the criteria suggested in the report
of the NCEP-ATPIII in 2005 and the Asia Pacific criteria.
These criteria include the presence of any three of the
following five risk factors [9, 10].

Criteria of metabolic syndrome are as follows:

(1) abdominal obesity: WC of 90 cm or greater in men
and 85 cm or greater in women;

(2) TG: TG levels of 150mg/dL (1.69mmol/L) or greater
or being on medicine to treat higher TG levels;

(3) HDL-cholesterol: <40mg/dL (1.04mmol/L) in men,
<50mg/dL (1.29mmol/L) in women, or being on
medicine to treat lower HDL-cholesterol;

(4) blood pressure: 130/85mmHg or greater or being on
medicine to treat hypertension;

(5) glucose: 100mg/dL (6.1mmol/L) or greater or being
on medicine to treat hyperglycemia.

2.6. Statistical Analysis. The data were analyzed using the
Statistical Package for Social Sciences (SPSS) version 12.0
(SPSS Inc., Chicago, USA). The continuous variables in each
of the two groups were compared using the t-test. We carried
out analysis of covariance (ANCOVA) after adjusting for age
in the association between CAVI and metabolic syndrome
and performedmultiple linear regression analysis to evaluate
factors which affected CAVI. 𝑃 < 0.05 was regarded as
statistically significant.

3. Results

3.1. Characteristics of the Subjects. Of the 1,144 subjects, 372
(32.7%) had metabolic syndrome, 770 (63.7%) did not have
metabolic syndrome, and 507 (69%) were men. Subjects in
the metabolic syndrome group were older and had greater
BMIs, WCs, SBP, DBP, FPG, TG, TC, AST, ALT, Cr, hs-CRP,
and UA levels but had lower HDL-C levels than subjects
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Table 1: Clinical characteristics of subjects without and with
metabolic syndrome.

Nonmetabolic
syndrome

Metabolic
syndrome 𝑃 value

Age (year) 55.08 ± 8.28 56.43 ± 8.78 0.01
Sex 0.001

Male 507 (64.3%) 282 (35.7%)
Female 263 (74.1%) 92 (25.9%)

BMI (kg/m2) 23.18 ± 2.60 25.88 ± 2.62 <0.001
WC (cm) 82.93 ± 6.59 90.59 ± 6.08 <0.001
SBP (mmHg) 123.34 ± 14.54 131.91 ± 14.95 <0.001
DBP (mmHg) 74.25 ± 9.55 79.79 ± 10.41 <0.001
FBS (mg/dL) 92.06 ± 13.12 101.06 ± 16.52 <0.001
TG (mg/dL) 99.84 ± 52.64 193.17 ± 104.20 <0.001
TC (mg/dL) 202.97 ± 38.22 208.45 ± 35.38 0.02
HDL-C (mg/dL) 52.31 ± 28.48 40.53 ± 7.77 <0.001
AST (IU/L) 21.51 ± 8.91 23.19 ± 10.59 0.008
ALT (IU/L) 22.04 ± 14.02 29.48 ± 20.46 <0.001
Cr (mg/dL) 0.85 ± 0.20 0.87 ± 0.17 0.10
UA (mg/dL) 5.38 ± 1.38 5.91 ± 1.36 <0.001
CRP (mg/dL) 0.16 ± 0.48 0.23 ± 0.35 0.10
𝑃 values were calculated by 𝑡-test or chi-square test.
Values are presented as mean ± SD or number (%).
BMI, body mass index; WC, waist circumference; SBP, systolic blood
pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein choles-
terol; AST, aspartate transaminase; ALT, alanine transaminase; Cr, creatinine;
CRP, C-reactive protein; UA, uric acid.

in the nonmetabolic syndrome group. The characteristics of
subjects are shown in Table 1; 𝑃 < 0.001 was regarded as
statistically significant.

3.2. Relationship between CAVI and Metabolic Syndrome
Components. The average value of CAVI was 7.55 ± 0.96
in the metabolic syndrome group, which was significantly
higher (𝑃 = 0.04) than that of the nonmetabolic syndrome
group (7.41 ± 0.86, Figure 1). CAVI values were statistically
significantly higher in subjects with metabolic syndrome
than those without metabolic syndrome after adjustment for
sex, age, and the other factors (𝛽 = 0.143, 𝑃 = 0.04).
After analyzing the influence of the components of metabolic
syndrome on CAVI, we found that subjects in the metabolic
syndrome groupwhose SBP valueswere 130mmHgor greater
or whose DBP values were 85mmHg or greater had higher
CAVI values than subjects in the nonmetabolic syndrome
group (𝑃 < 0.001, Figure 2). The group in which WCs
exceeded 95 cm in men and 85 cm in women had slightly
higher CAVI values than the control group, but the difference
was not statistically significant (𝑃 = 0.78, Figure 2). In the
group whose TG levels were 150mg/dL or greater, higher
CAVI values were observed than in the control group, but
the difference was not statistically significant (𝑃 = 0.09,
Figure 2). Higher CAVI values also were measured in the
group whose FPG values were 100mg/dL or greater, than
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Figure 1: Comparison of cardioankle vascular index (CAVI)
between subjects with and without metabolic syndrome. 𝑃 values
were calculated by ANCOVA and age-adjusted CAVI.

in the group whose FPG values were 100mg/dL or less, but
the difference was not statistically significant (𝑃 = 0.02,
Figure 2). CAVI values were slightly higher in the group with
HDL-C levels less than 40mg/dL in men and 50mg/dL in
women than in the control group, but the difference was not
statistically significant (𝑃 = 0.08, Figure 2). After having
analyzed the correlation between CAVI and the number
of components of metabolic syndrome, we discovered that
CAVI was significantly greater in the group which had more
components (𝑃 = 0.003, Figure 3), and this relationship was
linear (𝐹(1, 1138) = 18.180, 𝑃 = 0.001).

3.3. The Factors That Affect CAVI. After performing multiple
linear regression analysis, using risk factors for metabolic
syndrome which can potentially influence CAVI, we found
that age (𝑃 < 0.001), sex (𝑃 < 0.001),DBP (𝑃 = 0.04), andUA
(𝑃 = 0.001) were independent predictors of CAVI (Table 2).

4. Discussion

The risk factors for coronary artery disease include old
age, dyslipidemia, hyperglycemia, obesity, and hypertension,
among others [4]. Except for age, these factors are consistent
with the components of metabolic syndrome. As a result,
since metabolic syndrome may increase the risk of coronary
artery disease, detecting and managing cardiovascular dis-
ease risk factors early in people with metabolic syndrome are
very important in preventing cardiovascular disease due to
atherosclerosis.

PWV, as an index which reflects arterial stiffness and
blood vessel injury, is a strong predictor of cardiovascular
disease morbidity and mortality [5, 6]. CAVI is derived
from stiffness parameter 𝛽 theory and can be determined by
measuring PWV and blood pressure. CAVI is not affected
by blood pressure at the time of measurement and reflects
arterial stiffness more precisely than brachial ankle PWV [7].
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Figure 2: The relation between cardioankle vascular index (CAVI) and the component of metabolic syndrome. 𝑃 values were calculated by
ANCOVA and age-adjusted CAVI.

Thus, in this study we examined the relationship between the
components of metabolic syndrome and CAVI as an index of
arterial stiffness.

The study of Shirai et al. showed that, in adults aged 20 to
70 who received an annual health check and had no coronary
risk factors, there was a direct association between CAVI and
Age. CAVI increases with age almost linearly from 20 to 70
years in males and females. Also, CAVI of men is higher than
that of women in almost all age groups [11]. In this study,
after performing multiple linear regression analysis, using
risk factors for metabolic syndrome which can potentially

influence CAVI, we found that age and sex were independent
predictors of CAVI.

In this study, CAVI values were found to be greater in
the metabolic syndrome group than in the control group and
were highly significant even when adjusted for age and sex.
Also, in the group whose subjects had at least one component
of metabolic syndrome, compared with the group whose
subjects did not have metabolic syndrome, CAVI was sta-
tistically significantly higher and increased linearly with the
number of metabolic syndrome components. These results
are consistent with the results of previous studies which



Journal of Diabetes Research 5

9

8.5

8

7.5

7

6.5

CA
V

I

6

7.22 ± 0.71

7.43 ± 0.81
7.50 ± 0.95

7.47 ± 0.93
7.61 ± 0.89

7.93 ± 1.01
P = 0.003

0 1 2 3 4 5
(n = 162) (n = 309) (n = 299) (n = 233) (n = 115) (n = 26)

Number of the components of metabolic syndrome
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were calculated by ANOVA and age-adjusted CAVI.

Table 2: Multiple linear regression between CAVI and laboratory
parameters.

Variables 𝛽 𝑃 value
Age (year) 0.015 <0.001
Female −0.233 <0.001
BMI (kg/m2) −0.004 0.87
SBP (mmHg) 0.002 0.41
DBP (mmHg) 0.009 0.04
FBS (mg/dL) −0.002 0.24
TG (mg/dL) −0.001 0.09
HDL-C (mg/dL) −0.001 0.54
UA (mg/dL) 0.064 0.001
WC (cm) −0.017 0.06
AST (IU/L) 0.002 0.70
ALT (IU/L) 0.002 0.31
Number of the components
of metabolic syndrome 0.117 <0.001

CAVI, cardioankle vascular index; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;
TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; UA, uric
acid; WC, waist circumference; AST, aspartate transaminase; ALT, alanine
transaminase.

investigated the relationship between CAVI and metabolic
syndrome [12, 13]. Metabolic syndrome components inter-
relate and cluster in various combinations, and they may
promote increases in arterial stiffness and cardiovascular
disease risk factors [12, 13]. CAVI values were influenced
and elevated by the existence and increase of each metabolic
syndrome component, even when the number of metabolic
syndrome components was below the diagnostic criteria of
metabolic syndrome [3]. Therefore, since metabolic syn-
drome components interact organically, metabolic syndrome
components need to be managed to regulate arterial stiffness
and prevent cardiovascular disease.

Among the components of metabolic syndrome, the ele-
vation of SBP or DBP had a significant relationship with the
elevation of CAVI. After having examined these relationships
through multiple linear regression analysis, we found that
DBP was an independent predictor of CAVI. The study of
Takaki et al. showed that, in adults aged 30 to 80 who
had undergone coronary angiographies, there was no direct
association between CAVI and SBP or DBP [14].The study of
Ibata et al. showed that there was no significant relationship
between CAVI and SBP in the case of normotensive patients
[15]. However, in the study of healthy male and female
adults of Kadota et al., simple regression analysis conducted
with adjustment for age and gender showed that CAVI
was related to SBP and DBP [16]. Furthermore, multiple
linear regression analyses conducted with adjustment for
several variables indicated that SBP was an independent
predictor of CAVI. In the study of hemodialysis patients
and type 2 diabetes patients of Shirai et al., CAVI had a
minor association with SBP and no association with DBP
[7]. In the study of hypertensive patients of Okura et al.,
CAVI had a minor association with SBP. CAVI was not
influenced by blood pressure butwas influenced by long-term
hypertension status. Okura observed that CAVI could not
be used to evaluate the long-term risks of arterial stiffness
[17]. Arterial stiffness also is an independent predictor of the
progression of hypertension in normotensive adults [18].The
elevation of CAVI resulting from the increased tension in
arterial walls reflects the increase of arterial stiffness. Thus,
the degree of elevation of CAVImay correspond to the degree
of atherosclerotic change. A very highCAVImay indicate that
the atherosclerotic process already is well underway [8].

Various hypotheses about the mechanism whereby
metabolic syndrome influences arterial stiffness have been
suggested. First, metabolic syndrome is associated with
sympathetic nerve hyperactivity. The increase of tension
in sympathetic nerves inhibits artery distensibility and
increases the stiffness of blood vessels [19, 20]. The peptide
adiponectin secreted by adipose tissue is associated with
insulin sensitivity, is protective to blood vessels, and shows
antiatherosclerotic and anti-inflammatory effects [21]. A
decrease in adiponectin secretion results in the increase of
arterial stiffness by promoting insulin resistance. Inmetabolic
syndrome, the bioavailability of nitric oxide is decreased,
endothelial cell dysfunction is promoted, and cytokines asso-
ciated with various inflammatory processes are secreted and
become involved in inflammatory reactions. The molecular
components of these abnormal pathological states interact
with each other. Hyperplasia of vascular smoothmuscle cells,
hypertrophy, and collagenesis are promoted, and arterial
stiffness increases [22, 23].

In this study, increased FPG was among the metabolic
syndrome components associated with a significant increase
in CAVI. Ohnishi et al. reported that brachial ankle PWV
increases with increasing FPG [24]. Significantly higher
CAVI values weremeasured in type 2 diabetes patients. Some
reports have shown that HbA1C is a significant risk factor for
the increase of CAVI [15, 16].These results are consistent with
previous reports indicating that diabetes affects the PWVs of
central elastic arteries selectively [25]. Diabetic patients are
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exposed to hyperglycemia in the long term, and advanced
glycation end products (AGEs) are generated in their bodies
by the nonenzymatic glycation of matrix proteins. AGEs
contribute to cardiovascular complications such as increased
atherosclerosis and vascular stiffness [26, 27].

One interesting finding in this study was that UA was
significantly elevated in the metabolic syndrome group and
was an independent predictor of the elevation of CAVI.
The increase of serum UA has a significant association with
metabolic syndrome and is a risk factor for cardiovascular
disease [28, 29]. UA causes oxidative stress and endothelial
cell dysfunction, is associated with blood vessel and systemic
inflammatory reactions, and finally can lead to cardiovas-
cular disease [30]. Sun et al. have reported that higher
UA levels were detected in metabolic syndrome patients
and that the increase of UA correlated with brachial ankle
PWV [31]. Liu et al. reported that there was a significant
relationship between CAVI and UA among persons with
metabolic syndrome [13]. Nagayama et al. also reported that
high serum uric acid is associated with increased CAVI in
healthy Japanese subjects [32]. Sun et al. explained that the
proinflammatory properties of UA could increase PWV by
being partially related to the chronic inflammatory status
seen at diagnosis of metabolic syndrome [31]. Therefore, this
study has provided additional clues about the elevation of UA
as a risk factor for cardiovascular disease.

This study has a few limitations. First, since this study was
cross-sectional, we could not deduce the temporal order of
the onset of metabolic syndrome and the elevation of CAVI.
Second, as patients who came to the health promotion center
of a general hospital were targeted, there could have been a
selection bias. Third, we lacked some information associated
with metabolic syndrome and arteriosclerosis, such as that
regarding smoking, drinking, exercise, and family history.

Despite these limitations, this study contributes to the
early assessment of cardiac disease by showing that metabolic
syndrome and its components have a significant association
with increased CAVI as a predictor of arterial stiffness in
asymptomatic Korean population. In the future, a clinical
trial will be needed to investigate whether CAVI decreases
when metabolic syndrome components are improved, and a
cohort study will be needed to investigate the relationship
between CAVI and the onset of metabolic syndrome, to
establish the risk of elevated CAVI in metabolic syndrome
more clearly.
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Diabetes highlights a growing epidemic imposing serious social economic crisis to the countries around the globe. Despite
scientific breakthroughs, better healthcare facilities, and improved literacy rate, the disease continues to burden several sections,
especially middle and low income countries. The present trends indicate the rise in premature death, posing a major threat
to global development. Scientific and technological advances have witnessed the development of newer generation of drugs
like sulphonylureas, biguanides, alpha glucosidase inhibitors, and thiazolidinediones with significant efficacy in reducing
hyperglycemia. Recent approaches in drug discovery have contributed to the development of new class of therapeutics like Incretin
mimetics, Amylin analogues, GIP analogs, Peroxisome proliferator activated receptors, and dipeptidyl peptidase-4 inhibitor as
targets for potential drugs in diabetes treatment. Subsequently, the identification and clinical investigation of bioactive substances
from plants have revolutionized the research on drug discovery and lead identification for diabetes management. With a focus
on the emerging trends, the review article explores the current statistical prevalence of the disease, discussing the benefits and
limitations of the commercially available drugs. Additionally, the critical areas in clinical diabetology are discussed, with respect
to prospects of statins, nanotechnology, and stem cell technology as next generation therapeutics and why the herbal formulations
are consistently popular choice for diabetes medication and management.

1. Introduction

Diabetes is a major killer worldwide and its unprecedented
rise poses a serious threat to mankind. According to recent
estimation, 387 million people worldwide are affected from
the disease with a prevalence rate of 8.3% and 46.3% still
remains undiagnosed [1]. Furthermore, maximum percent-
age of 387 million people lives in low and middle income
countries and comprise of 40–59 age group in the population.
Population survey by the Indian Council ofMedical Research
[2] suggested that China leads the survey with an estimation
of 98.4 million cases and India coming next with 65.1 million
diabetes patients [3]. It has been seen that certain features
in Asian Indians make them more prone to diabetes and
coronary artery disease [4, 5] which include increased insulin
resistance [6] and greater abdominal adiposity as reported

[7]. Figure 1 depicts a schematic representation of general
occurrence and approaches in diabetes management.

The selection and application of a glucose lowering
therapy are dependent on a number of considerations like
the severity of hyperglycemia, hepatic and renal associated
functions, risks of hypoglycemia, body mass index, ability
to self monitor the blood glucose level, and also the cost of
the medication. The therapeutics for type 1 diabetes includes
stimulation of insulin secretion through GLP analogues
like Exenatide and Liraglutide [8, 9], insulin injections to
compensate for 𝛽 cell defects, dipeptidyl peptidase-4 (DPP-
4) inhibition by Sitagliptin, and increased islet survival
[10, 11] and islet cell regeneration through islet neogenesis
associated protein (INGAP) peptide therapy aiming at islet
cell regeneration among others [12].

Hindawi Publishing Corporation
Journal of Diabetes Research
Volume 2015, Article ID 340838, 11 pages
http://dx.doi.org/10.1155/2015/340838

http://dx.doi.org/10.1155/2015/340838


2 Journal of Diabetes Research

Type I diabetes 
IDDM

Type II diabetes 
NIDDM 

Gestational 
diabetes

Pancreas
Islet of Langerhans-glucagon

beta cells: insulin

Genomic mutations

administration for 
survival

sugar levels

Insulin 
resistance

Defective insulin 
production

Increased 
mortality

Younger 
population

Global 
pandemic

Human body 
and diabetes 

pregnancy, it needs
complete care and 
glucose monitoring

glycemic status

individual level

identification/development of 
lead molecules

∙ Regular insulin

∙ Exercise
∙ Regulated blood

∙ Commercial drugs

∙ Associated with

∙ Assessment of prevailing

∙ Precautions/preventions at

∙ In silico

Figure 1: A schematic representation of general occurrence and approaches in diabetes management.

The treatment approach for type 2 diabetes includes
several conventional therapeutics, namely, sulfonylureas and
repaglinide enhance insulin secretion, troglitazone increases
insulin action in fat andmuscle, metformin promotes insulin
mechanism in liver tissue, and miglitol and acarbose enact
delayed carbohydrate absorption from food intake, respec-
tively [13].The drugs used for the treatment of type 2 diabetes
poses limitations in the sense that they have significant
side effects. The other major medications strategies consti-
tutes combinational therapy of insulin with sulfonylureas
which reduced the daily requirement of insulin [14] and
insulin and metformin combination therapy (approved by
FDA); minimizing weight gain due to insulin therapy [15]
and troglitazone-insulin in combination efficiently reduced
insulin requirement and improved glycemic control [16].

Secondary Forms of Diabetes. Subsequently, secondary forms
of the disease may arise due to defects/mutations in genome
of the organism: gene mutations in MODY1-hepatocyte
nuclear factor-4-alpha (HNF4𝛼) in chromosome 20q12-
q13.1;MODY2-glucokinase (GCK) genemutation in chromo-
some 7p15-p13; MODY3-hepatocyte nuclear factor-1-alpha
(HNF1A) gene mutation in chromosome 12q24.2; MODY4-
insulin promoter factor-1 (IPF1) gene mutation in chromo-
some 13q12.1; MODY5-hepatic transcription factor-2 (TCF2)
gene mutation, chromosome 17cen-q21.3; MODY6- neu-
rogenic differentiation 1 (NEUROD1) gene mutation in
chromosome 2q32; MODY7-Kruppel-like factor 11 (KLF11)
gene mutation in chromosome 2p25; MODY8 (or diabetes-
pancreatic exocrine dysfunction syndrome)-carboxylester

lipase (CEL) gene mutation, chromosome 9q34; MODY9-
paired box gene 4 (PAX4) mutation, chromosome 7q32:

(i) Mutations occurring in mitochondrial genome,
referred to as mitochondrial diabetes MELAS
syndrome (mitochondrial myopathy, stroke-like
syndrome encephalopathy, and lactic acidosis).

(ii) Genetic syndromes, Klinefelter’s syndrome, Turner’s
syndrome, Down syndrome, Prader-Willi, Laurence-
Moon-Biedl, Friedreich’s ataxia, Huntington’s chorea,
myotonic dystrophy, and porphyria.

(iii) Drug/chemical induced diabetes, Thiazides, DPH, 𝛼-
interferon, L-asparaginase, vacor, nicotinic acid, pen-
tamidine, steroids, levothyroxine, and diazoxide [17].

However, the disease together with its multiple com-
plications puts forward the immediate requirement to act
with a well defined strategy. The underlying platform is
aimed at achievement of complete glycemic regulation, pos-
sible through assessment of present glycemic status, and
analysis of the associated disorder would aim at allocating
the healthcare facilities to the affected people [18]. The
new generation of drugs like sulphonylureas or insulin can
induce hypoglycemia as well as weight gain [19] while the
biguanide like metformin can cause gastrointestinal effects
such as diarrhoea and nausea and, rarely, lactic acidosis.
Thiazolidinedione use is also associated with weight gain,
which is an issue of concern since type 2 diabetic patients
are already obese [20]. Recent generation of drugs like
the incretin mimetics may produce nausea, vomiting, and
diarrhoea [21]. The drugs showing potential for the cure
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Table 1: Representation of the multiple primary and secondary forms of diabetes, the defective metabolism, and the adverse effects on the
body organs.

Classification of diabetes Effects on the body Symptoms
Primary diabetes

Insulin dependent diabetes mellitus Destruction of 𝛽 cells Deficiency of insulin
Non insulin dependent diabetes mellitus Insulin resistance Loss of insulin secretion

Secondary diabetes/symptoms due to primary diabetes

Hormonal imbalance Acromegaly
Pheochromocytoma

Pancreatic dysfunction

Pancreatitis
Pancreatectomy
Cushing’s syndrome
Glucagonoma

Drugs or chemical induced reactions,
for example, anticancer agents
Thiazide
Psychoactive agents like
glucocorticoids,
streptozotocin, or diazoxide

Drug induced reactions Hypersensitivity
reactions

Insulin receptor abnormalities
Genetic syndromes
Hyperlipidemia
Muscular dystrophy

Malnutrition Hyperglycemia Enhanced sugar levels

Glycosuria Glycosuria
Loss of weight Excessive secretion of sugar in urine

Ketonuria
Ketosis and elimination in
urine
Dehydration

Lipemia — Increased levels of lipid, fatty acids,
and cholesterol in blood

Acidosis — Lowering of pH of blood
Cataract and lesions of blood vessels
(atheromatous, and artherosclerotic)

of diabetes have been used singly and also in combination
of multiple oral agents and with addition of insulin but
achieving the complete glycemic control is a challenging task.

The present trends in diabetes therapeutics and manage-
ment have highlighted an urgent requirement for extensive
investigations aiming at identification and clinical trials of
natural products and their analogues in drug discovery
studies. In an attempt to address the global issue, the paper
provides a comprehensive update highlighting the global
scenario and statistical prevalence of diabetes. Furthermore,
the emerging trends in clinical diabetology were discussed,
exploring the advantages as well as the limitations of the
commercially available therapeutics. The present era has
witnessed the development of next generation therapeutics,
statins, nanotechnology, and stem cell technology and the
reasons why the natural products and analogues define a
prospective field in diabetes medication and management.

2. Classification of Diabetes

On the basis of insulin deficiency, diabetes can be classified
into the following types as follows.

2.1. Insulin Dependent Diabetes Mellitus (IDDM). It is also
known as juvenile onset diabetes or type 1 diabetes, which
accounts for 5–10% of the patients, resulting from cellular-
mediated autoimmune destruction of the pancreatic cells.
The disease can affect people of all ages but usually occurs in
children or young adults. Regular supply of insulin injections
is essential for the control of glucose level in blood. The
rate of 𝛽 cell destruction varies showing fast deterioration
in infants and children while the degeneration of 𝛽 cells
is slower in adults. Symptoms like ketoacidosis occur in
children and young individuals while others exhibit modest
fasting hyperglycemia that can change to severe hyper-
glycemia or ketoacidosis in response to stress or infection
[22]. These patients have higher risk for developing other
autoimmune disorders such as Grave’s disease, vitiligo, celiac
sprue, autoimmune hepatitis, myasthenia gravis, Hashimoto’s
thyroiditis, Addison’s disease, and pernicious anemia [22].
This form of diabetes follows a hereditary pattern and is
common in people of African and Asian descent [23]. Table 1
discusses the classification of the disease and the associated
multiple complications.
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2.2. Idiopathic Diabetes. A minor number of patients having
type 1 diabetes, mostly of Asian and African ancestry, have
no etiologies. These are prone to ketoacidosis and have per-
manent insulinopenia. The occurrence of ketoacidosis is in
episodes and the level of insulin deficiency between episodes
fluctuates. Idiopathic diabetes has genetic predisposition and
an absolute need for insulin replacement therapy depends on
the condition of the patient [22].

2.3. Noninsulin Dependent Diabetes Mellitus (NIDDM). It
is also referred to as adult onset diabetes, which accounts
for 90–95% of all diabetes. Major metabolic syndromes like
obesity, insulin resistance, and dyslipidaemia have led to an
epidemic of type 2 diabetes [24]. The treatment of this type
of diabetes is through oral hypoglycemic drugs, dietary in
nature. Insulin resistance as well as loss of insulin secretion
contributes to the onset of disease. Type 2 diabetes mellitus is
the most common form of diabetes and is the fourth leading
cause of death in developed countries with a twofold excess
mortality and two- to fourfold increased risk of coronary
heart disease and stroke [25].

2.4. Gestational Diabetes Mellitus (GDM). It is defined as
any degree of glucose intolerance resulting in hyperglycaemia
of variable severity that is diagnosed during pregnancy
[26]. GDM, or impaired glucose intolerance which is first
diagnosed during pregnancy [27], is a major type affecting
14% women during pregnancy or 135,000 women a year in
the United States and is a risk factor for type 2 diabetes
in mothers [28]. The magnitude of the reported risk varies
due to variations in ethnicity, selection criteria, and tests for
GDM and type 2 diabetes [29]. Gestational diabetes can lead
to respiratory distress syndrome, neonatal hypoglycemia,
and fetal macrosomia. More infants have increased rates
of birth trauma, shoulder dystocia, and cesarean delivery.
Recent guidelines recommend adequate glycemic control as
a strategy to decrease these maternal and fetal complications.
Most women who have gestational diabetes can successfully
control their blood sugar with diet and exercise, while some
will require oral diabetes medication or insulin.

2.5. Catamenial Hyperglycaemia. Diabetic ketoacidosis
(DKA) is a condition, arising due to infection, inadequate
insulin or poor insulin compliance, acute pancreatitis, stroke,
drugs, metabolic disturbances within the body, or negligence
with the treatment [30]. The uncontrolled hyperglycaemia
with DKA occurring before the menstrual cycle in females
is known as catamenial diabetic ketoacidosis or catamenial
hyperglycaemia. The uncontrolled hyperglycemia resulted in
increased insulin requirement, up to 4 times.The condition is
aggravated even after continuous insulin infusion, resulting
in vomiting, and leading to significant acidosis, ketonuria,
and hyperglycaemia. The strange fact was that even several
tests like inflammatory markers, blood count renal function,
electrocardiogram and chest radiograph, thyroid function,
and urine and blood cultures were all found to be normal.
The conditions leading to catamenial hyperglycaemia remain
undiagnosed [31]. Hormonal changes occurring during

menstrual cycle together with changes in diet and exercise
levels may play a role [32]. An effective diet and exercise
plans [33] including an increased insulin infusion dosage
[32] will be the right medication strategy for the treatment of
catamenial diabetic ketoacidosis as well as for avoiding any
diabetic emergencies.

3. Nanotechnology and Diabetes

The interface of nanotechnology in the treatment of diabetes
has introduced novel strategies for glucose measurement and
insulin delivery. Researchers have demonstrated the advan-
tages of glucose sensors and closed-loop insulin delivery
approaches in facilitating the diabetes treatment to make it
[34] beneficial in both type 1 and type 2 diabetes.

A nanomedical device is a microcapsule containing pores
which has been a promising tool in the drug delivery
approach. These pores are considerably large to allow the
passage of small molecules such as oxygen, glucose, and
insulin but are small enough to allow the movement of
larger immune system molecules such as immunoglobulins
and graft-borne virus particles. Microcapsules containing
replacement islets of Langerhans cells, mostly derived from
pigs, could be implanted beneath the skin of diabetes
patients. This could temporarily restore the body’s delicate
glucose control feedback loop without the need for powerful
immunosuppressants that can leave the patient at serious
risk for infection [35] Table 2 describes the critical problems
associated with diabetes and the role of nanomedicine in the
treatment.

The nanoparticle targeted drug delivery approach has
enormous benefits which include the improved bioavailabil-
ity of drugs by targeting specific tissues, organs, and tumors
thereby providing the highest dose of drug directly at the
targeted site. One of the biggest technological challenges
is the scalability of a nanoparticle. Manufacturing three-
dimensional nanostructures as compared to stand-alone or
two-dimensional layer-shapednanosurfaces is a complex task
since manufacturing techniques are yet to be standardized.
Another apprehension is that the exposure to nanoparticles
might be toxic or hazardous. Concerns about the poten-
tial ill effects of engineered nanomaterials such as carbon
buckyballs and nanotubes through inhalation, ingestion, or
absorption through the skin are increasing [35].

Insulin forms an essential requirement for type 1 and
type 2 advanced diabetes and the traditional systems of
insulin delivery included infections, painful administration,
and poor compliance of patients. However, recent micro- and
nanotechnologies have facilitated the insulin administration
process through regulation of insulin delivery constituting
pulmonary, nasal, transdermal, and closed-loop delivery
[36].

4. Statin Therapy: A New Perspective

Statins are defined as inhibitors of 3-hydroxy-3-methylglu-
taryl coenzyme A and inhibit the crucial process of LDL
cholesterol in liver, thereby decreasing its level in the blood
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Table 2: Description of some problems associated with diabetes and possible nanomedicine solutions.

Measurement problems Nanometrology solutions
Continuous blood glucose monitoring
Stable implanted enzyme electrodes
Noninvasive monitoring

Biocompatible nanofilms
“Smart tattoo” of glucose
Nanosensors

Improved diagnosis
Targeted molecular imaging
Understanding mechanisms

NIR QDs, gold nanoparticles
Single-molecule detection

Therapy problems Nanotherapeutic solutions
Improved insulin delivery
Islet cell transplantation
Oral insulin
Closed-loop insulin delivery

Islet nanoencapsulation
Insulin nanoparticles

Artificial nanopancreas

besides increasing healthy blood vessel lining [37]. Since the
long term effect of diabetes include the high risk of cardio-
vascular diseases, statins (HMG-CoA reductase inhibitor) are
a main line of therapy in reducing cardiovascular risk in the
patients suffering from type 2 diabetes [38, 39].The lipid low-
ering agents, popularly known as statins, cause inhibition of
HMG-CoA reductase specifically and reversibly.The enzyme
catalyzes the conversion of HMG-CoA to mevalonic acid,
the rate-limiting step in the formation of cholesterol. These
compounds are highly effective in reducing cholesterol levels
as compared to dietary supplements [40].

Statin therapy reduces low density lipoprotein (LDL)
cholesterol to a significant level thereby greatly decreasing
the chances of developing a coronary artery disease [41].
National Institute for Health and Clinical Excellence (NICE)
and Scottish Intercollegiate Guidelines Network (SIGN) dia-
betes guidelines showed lipid lowering therapy as primary
prevention (when used regularly) for patients with type 2
diabetes, aged over 40 (Grade A recommendation), as well
as its consideration for patients aged over 40 with type 1
diabetes (Grade B recommendation) [41]. A recent informa-
tion published at the meeting of the European association
for the study of diabetes in Stockholm suggests that statin
treatment is being less explored and applied in patients with
type 2 diabetes among a largeAmerican group of over 100,000
subjects [42].

Statins have good efficacy and are effective in lower-
ing cardiovascular events in people with modest levels of
cholesterol and without cardiovascular disease. However,
the HMG-CoA reductase inhibitors or statin therapy also
has some disadvantages. The therapy has some side effects
like renal dysfunction and muscle disorders from myositis
to frank rhabdomyolysis and hepatic dysfunction which is
rare and can be tolerated by the patient [41]. The trial
conducted with 6422 patients showed that young individual
and those showing absence of disease showed ineffective
or poor compliance with statin therapy [38]. However, the
therapy should be focused on older patients since in younger
patients the poor compliancewas seen. Also, the patients with
high risk factors and symptoms of heart problems should be
administered with statins [41]. However, reports have sug-
gested that statinsmay raise the blood sugar levelsmoderately
and lead to diabetes mellitus [37]. Despite exhibiting good

toleration and less adverse effects, statins may cause side
effects like myopathies and increase in levels of liver enzymes
in type 2 diabetes [43].

5. Stem Cell Technology: A Novel
Therapeutic Approach

The interest to find a possible therapeutic for diabetes has
eventually explored various new scientific areas of research,
with the stem cell technology being one of them. It is
known that both type 1 and type 2 diabetes result from
the 𝛽 cell deficiency of the pancreatic cells, resulting in
insufficient insulin secretion. The strategies should aim at
either removing the defects in pancreatic 𝛽 cell or enhancing
the sensitivity of the body cells to the action of insulin. 𝛽
cell replacement strategies offer a novel source while current
strategies aiming at islet cells and pancreas transplantation
are limited due to shortage of donor organs [44].

In contrast to type 1 diabetes, which is caused by autoim-
mune destruction of pancreatic 𝛽 cells, type 2 diabetes results
from irregularities in 𝛽 cells function together with insulin
resistance in peripheral organs [45]. Mesenchymal stem cell
(MSC) therapy has emerged as a promising therapy in the
treatment of type 1 diabetes due to its immunosuppressive
nature. MSCs have been found to display immunomodula-
tory effects both in in vitro and in vivo conditions due to
direct contact and production of soluble markers [46–49].
MSCs have the potential to differentiate into a number of
mesenchymal cell lineages. The hematopoietic stem cells are
the multipotent stem cells that can give rise to all the cell type
in blood and also possess immunomodulatory effect. Hence,
the transplantation of hematopoietic stem cell has proved
to be a promising therapeutic, resulting in improvement in
𝛽 cell function in newly diagnosed type 1 diabetic patients
[50]. Further studies have demonstrated that the induced
pluripotent stem (iPS) cells can be generated from type 1
diabetic patients by reprogramming their adult fibroblasts
with three transcription factors (OCT4, SOX2, and KLF4).
The cells known as diabetes induced pluripotent stem cells;
(DiPS) are pluripotent and have the ability to differentiate
into insulin producing cells.This is beneficial in type 1 disease
modeling and cell replacement therapies [51].
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Some studies have shown that bone marrow derived
MSCs have the ability to differentiate into insulin producing
cells both in vitro and in vivo [52–54]. The significance of
human embryonic stem cells (ESCs) in the treatment of
diabetes has attracted great attention due to their pluripotent
nature and large scale production of different cell lineages
in cultures. The research has various limitations since there
is absence of reliable methods for generating specific cell
types, immunological rejection of the transplanted cells, and
difficulty in purification of specific lineages [55]. Further
concerns include the uncontrolled proliferation of the trans-
planted embryonic stem cells into a specific type, once they
are transplanted [56]. Still, despite of its manifold limitations
both scientific and ethical, the application of stem cell tech-
nology holds immense prospects in treatment of diabetes.

6. Gene Therapy in Diabetes

The series of experiments leading to cloning and expression
of insulin in the cultures cells in the 1970s was a tremendous
revolution in the field of medicine and application of gene
therapy in the treatment of diabetes was suggested as a pos-
sible cure. Regulating the sugar levels is the most important
aspect in the treatment which also reduces the complications
associated with the disease. Somatic gene therapy involving
the somatic cells of the body includes two methods of gene
delivery. The first one known as ex vivo gene therapy is
described as the one in which the tissues are removed from
the body; the therapeutic gene is inserted in vitro and then
reimplanted back in the body while the in vivo therapy
involves the insertion of gene therapy vectors directly to
the patients by subcutaneous, intravenous, or intrabronchial
routes, or by local injection [57]. The application of ex vivo
therapy aims at the generation of cells which possess the
properties of 𝛽 cells, for example, insulin producing cells
[58]. This therapy has also been used to generate 𝛽 cells for
transplantation. However, the concern lies in the aspect of
surgically removing the tissue from the patient and reimplan-
tation of the genetically modified tissues back into the body
of the patients [57]. Furthermore, type 1 diabetes results from
autoimmune destruction of insulin synthesizing pancreatic 𝛽
cells and islet transplantation has been explored as a possible
solution for the treatment.The invention of insulin gene ther-
apy substitutes 𝛽 cell function by generating insulin secretory
non-𝛽 cells, not vulnerable to autoimmune reactions, offering
a prospective therapeutic approach for type 1 diabetes [59].

The in vivo gene therapy is the method of choice as
a therapeutic strategy because it is simpler and the vector
containing the desired gene is directly inserted into the
patient, but the development of safe (not toxic to host)
and effective vectors remains as a challenging task for gene
therapist. Presently, the strategies for in vivo therapy involve
three methods: genetic transfer of glucose lowering genes
which are noninsulin in nature. Presently, the strategies for
in vivo therapy include genetic transfer of glucose lowering
genes which are non-insulin in nature and application of
blood sugar lowering genes: an enhancer of glucose utiliza-
tion by liver or skeletal muscles and an inhibitor of glucose

production by the liver [57]. For example, glucokinase as
a transgene is found to have glucose lowering effect in the
liver [60]. It was a possibility that the gene Gck enhances
glucose utilization by the body [61]. The genetic transfer of
glucokinase had been used as an adjuvant therapy in the
treatment of diabetes [62]. In another strategy which was
carried out to regulate the glucose production in liver, a gene
known as “protein targeting to glycogen” (PTG) was used
to convert glucose to glycogen [63, 64]. The PTG protein
belongs to the family of glycogen targeting subunits of protein
phosphatase-1 which regulated the metabolism of glycogen.
Experiments performed in rats have indicated that adenoviral
mediated PTG transfer stimulates glycogen synthesis in the
liver and decreases blood glucose levels in rats. This has been
considered as a therapeutic approach for diabetes [63].

Other areas of genetic engineering include transfer of
genes which show response to glucose and the use of gene
therapy to induce 𝛽 cells production in the liver [57].
The glucose responsive genes that have been manipulated
to enhance conversion of proinsulin to insulin and those
which after modification exhibit expression show responses
to blood glucose level [65, 66]. The liver cells do not produce
hormoneswhich convert proinsulin to insulin; therefore, new
proteolytic cleavage sites have been incorporated into the
proinsulin molecule, recognized by a protease, furin that is
present in many tissue systems, including liver [67–69]. The
insulin gene can be modified to encode insulin which has
single-chain [70] having 20–40% activity of normal mature
insulin [71].

Research has also been carried out to induce the synthesis
of 𝛽 cells formation in the liver. Kojima et al. reported that it
is possible to induce the formation of 𝛽 cells by the endocrine
cells by delivering islets specific transcription factors [72,
73]. The regulation of insulin production and its control
remains as a difficult task since the knowledge about insulin
metabolism is much less [74].The strategy aiming at induced
𝛽 cells neogenesis seems to be a promising approach as a
therapeutic for diabetes, since it can offer a solution for the
autoimmunity in type 1 diabetes [57].

7. Medical Nutrition Therapy

Medical nutrition therapy in prevention and management of
diabetes puts forth numerous advances in clinical research,
aiming to use nutrition therapy for the treatment of disorders
and illnesses. American Diabetes Association in 1994 coined
the term “medical nutrition therapy” constituting 2 phases,
namely, adjudging the nutritional requirement of a person
and treatment through counseling and nutrition therapy,
respectively [75]. The objectives of nutritional therapy in
diabetes is to regulate optimal level of lipids in blood, ideal
body weight, and blood glucose level in normal range.
Nutrition therapy as a therapy for diabetes depends on certain
factors such as patient’s age-based nutritive requirements
and food preferences as well as other medical conditions
together with an exercise regime and recommended nutri-
tional requirement depending upon the patient’s abilities and
health conditions [76, 77]. Calorie requirement to maintain
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ideal body weight for moderately active individual is 30–
35 kcal/kg/day; for obese people it is 20–30 kcal/kg/day. It is
estimated that gradual weight loss of 1 lb per week should
occur, if the calorie intake is reduced by 500 calories/day [76,
77]. According to recent recommendations, the percent of
carbohydrate intake is based on the patient’s intake of protein
and fat. Low carbohydrate/high protein diet is popular and
may be associated with initial weight loss and improved
glycemic control but is difficult to maintain for longer time
periods. Protein intake ismaintained at 10–20%of all calories;
total fat intake should be restricted to <30% of total calories;
high fibre diet (20–35 g/day of soluble and insoluble fiber),
sodium restriction to 2400–3000mg/day, alcohol intake (≤2
drinks/day in men, ≤1 drink/day in women), and multivita-
mins should be taken in the diet [76, 77].

8. Natural Products and Diabetes

Literature has suggested the utilization of herbal medica-
tions for the treatment of insulin dependent and noninsulin
dependent diabetes since time immemorial. Plants possess-
ing antidiabetic properties may be suitable as adjunct to
the existing therapies or as a prospective source of new
hypoglycemic compounds. Since time immemorial, naturo-
pathic therapies have been applied for a number of health
ailments and continue to gain popularity in the present
arena as well. Ancient literature revealed that diabetes was
a known disease since Brahmic period and finds a mention
in Ayurvedic literature, Sushruta samhita written in fourth
and fifth centuries BC [78]. Two forms of diabetes were
described: one genetic in nature and the other due to dietary
indiscretion [78]. Herbal medicines are becoming immensely
popular among the masses for being cost effective and with
relatively few side effects. Although plant based medicines
have been used traditionally in treating diseases throughout
the world, the mechanism of most of the herbs is still to be
defined and standardized [79]. Many new bioactive drugs
isolated from plants having hypoglycaemic effects demon-
strate antidiabetic activity equal to and sometimes even
more potent than known oral hypoglycaemic agents such
as daonil, tolbutamide, and chlorpropamide. However, many
other active agents obtained from plants have not been well
characterized [80]. Grover et al. [81] postulated that plants
possessing antidiabetic activities are of significant interest for
ethnobotanical community as they are recognized to contain
valuablemedicinal properties in different parts and a number
of them have shown varying degree of hypoglycemic and
antihyperglycemic activity. The bioactive constituents found
in many plant species are isolated for direct use as drugs lead
compounds, or pharmacological agents. These traditional
approaches might offer a natural key to unlock diabetic
complications [82]. The chemical structures of a phyto-
molecule play a critical role in its antidiabetic activity. Several
plant species being a major source of terpenoids, flavonoids,
phenolics, coumarins, and other bioactive constituents have
shown reduction in blood glucose levels as demonstrated
by Jung et al. [83]. Several plants like Allium sativum

Linn. (Liliaceae), Gymnema sylvestre (Retz.) Schult (Ascle-
piadaceae),Murraya koenigii (L.) Spreng. (Rutaceae), Allium
cepa (Liliaceae),Withania somniferaDunal (Solanaceae), and
Ferula foetida Linn. (Umbelliferae) have been found to pos-
sess antidiabetic properties when assessed in experimental
models of diabetes. The antidiabetic properties of G. sylvestre
had been discussed in detail [84, 85] owing to its significance
in diabetes treatment and management.

9. Future Perspectives

Diabetes has remained as one of the most challenging
health problems in the 21st century accounting for a global
presence. Diabetes is a serious public health problem, but
the good news is that important advances are being made
in prevention, detection, and treatment of diabetes. For
the management of type 1 diabetes, patients require insulin
administration 3-4 times a day throughout their lives and
their blood sugar levels should be regularly monitored to
avoid complications like retinopathy and risks of cardiovas-
cular diseases. It has been estimated that around 1300 patients
with type 1 diabetes receivewhole organ (pancreas) transplant
and donot require insulin infusion but the demand for organs
transplantation is higher than supply. Another risk factor is
the rejection of transplanted organ; therefore, patient is given
strong immunosuppressive drugs which can lead to other
serious diseases [86].

For the management of type 2 diabetes, a well monitored
glycemic control is required. The need to control the pro-
gressive deterioration of 𝛽 cell function is essential since it
can lead to a loss of glycemic control. Conventional drugs
and insulin are effective but cannot repair the associated
metabolic and glucoregulatory dysfunctions. The menace of
diabetes is increasing day by day and aggressive and targeted
combinational therapy is the need of the hour particularly
incretin based therapy and peptide analogs. This may restore
and preserve 𝛽 cell function and halt the progression of
type 2 diabetes [87]. In the present era, the effectiveness
and the success of the new drug will depend on its ability
to treat/relieve one or more of the metabolic disturbances
whether increased production of insulin or enhancement
in glucose uptake and utilization by the peripheral tissues
particularly skeletal muscle. Besides new generations of
therapeutics, several other classes have also been reported as
alternative strategies alone or in combinations to provide an
effective treatment for diabetes.

The prospects of leptin therapy are one of the emerging
trends in the treatment of diabetes. It is a hormone secreted
by adipocytes, which acts on the neurons within the central
nervous system.Themultiple actions of this hormone include
control of excessive increase in weight, by suppressing the
intake of food and increasing the expenditure of energy
[88]. Leptins also regulate glucose homeostasis through the
activation of leptin receptors (LEPRs) [89–92]. It has been
shown that the central nervous system regulates the sugar
lowering effect of leptins; it was assumed that the antidiabetic
action of leptins could have been influenced by neurons in
the brain with reference to type 1 diabetes. Leptin therapy
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improves insulin-deficient type 1 diabetes by CNS-dependent
mechanisms in mice [93].

Another area of drug research includes designing and
use of mucoadhesive microcapsules of various drugs like
glipizide to achieve controlled release of the drug and its
effective targeting. Mucoadhesion has been a novel approach
in drug delivery designing because it causes the slow release
of the drug at the action or absorption site thereby enhancing
the interaction of the drug with the underlying tissue forms,
enhancing the bioavailability of the drugs [94]. There is
no end to the drug delivery approaches which have been
followed as a possible cure for diabetes. The transdermal
insulin administration approach (which has been devel-
oped as a consequence of painful and complicated insulin
therapy) maintains constant levels of insulin without the
deposits of insulin in the skin frequent with subcutaneous
insulin injections (http://www.ondrugdelivery.com/, 2006).
A research by Odegaard and colleagues revealed that acti-
vated macrophages display a beneficial role in the regulation
of nutritional homeostasis and suggests that polarization of
the macrophages towards the alternative state might be a
useful possibility in the treatment of type 2 diabetes [95].

Great strides have beenmade clinically in the prevention,
development, and treatment of the disease but no therapeutic
method have been completely successful till date. With new
technologies revolutionizing the treatment possibilities, the
search for an effective medication is not far ahead. The
extensive research leading to the discovery of the pathway
genes contributing to the development of the disease and
the sequencing of complete genomes have revolutionized
the diabetes research. The development of the techniques
like the PCRs, DNA microarray, and gene knockouts with
silencing has opened up a new area in the identification of
the defective genes/mutations in the genome of the organism.
The increasing prevalence of diabetes globally is creating a
financial burden on the economy of the respective country.
Unlike some other diseases, treatment exists for diabetes, and
if managed correctly, it is very effective in reducing com-
plications such as heart attacks, amputations, blindness, and
kidney failure.With the ongoing research, a right therapeutic
for the treatment of diabetes is not unachievable.
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