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Objective. To compare the serum concentration of IL-6, IL-10, TNE 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
and without metabolic 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



prevalent in patients with T1D and 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, the most important feature of MS (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 with MS in T1D is complex and not yet completely
understood. A wide range of cardiac diseases have been
associated with inflammation and cytokine modulation. Type
1 diabetic patients consistently report higher levels of fibrino-
gen, interleukin-6 (IL-6), C-reactive protein, and tumoral
necrosis factor-alpha (TNF-a) 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.
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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
have MS when they presented 3 or more of the joint statement
criteria from the American Heart Association/National Heart
Lung and Blood Institute (AHA/NHLBI) and the Interna-
tional Diabetes Federation (IDF) [17]: serum triglycerides
>150mg/dL (1.7 mmol/l) or patients receiving treatment
for hypertriglyceridemia, serum high-density lipoprotein
cholesterol (c-HDL) <40 mg/dL (1.03 mmol/l) in men or
<50 mg/dL (1.29 mmol/l) in women or a previously treated
dyslipidemia, arterial blood pressure >130/85 mmHg 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 >100 mg/dL (5.6 mmol/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 (WHIR) 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 6 mL sample in BD Vacutainer (BD, Franklin
Lakes, NJ, USA) and centrifuged at 3150 xg 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 Roche Diagnostics, Indi-
anapolis, USA) using photocolorimetry with spectropho-
tometer Roche Modular 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 (HbAlc) was evaluated by turbidimetric
immunoanalysis (COBAS 2010 Roche Diagnostics, Indi-
anapolis, USA). Low-density lipoprotein cholesterol (c-LDL)
was calculated with Friedewald formula ¢-LDL (mg/dL) =
CT mg/dL — (c-HDL mg/dL + triglycerides mg/dL/5) if tri-
glycerides were <400 mg/dL [19].

2.4. Cytokine Determination. Adiponectin and resistin were
analyzed with a commercial kit (Human Adiponectin and
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Resistin Platinum ELISA tests) using enzyme linked immun-
osorbent assay (ELISA). Interassay coeflicients 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 %CV of TNF was 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 x waist-to-
hip ratio [WHR]) — (3.29 x hypertension [defined as 0 = no,
1=yes]) — (0.57 x HbAlc). 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
variables were associated with y* or Fishers 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 HbAlc concentration were not
different between groups.
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FIGURE 1: Estimated glucose disposal rate (¢GDR) levels in male 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
(6.63 mg/kg/min, IQR 4.79-8.59), when compared to the
group without MS (8.42 mg/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 detecting MS in T1D patients. An eGDR level below
7.32 mg/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 I1L-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, HbAlc 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 and without MS. A ROC 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 and without MS
(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"
BMLI, kg/m* (mean + SD) 26.1+3.83 23.5 +3.09 <0.001
Male 257 +4.1 23.8+33 0.124"
Female 26.3 £3.7 233+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"
WHIR (median, IR) 0.54 (0.5-0.6) 0.48 (0.45-0.52) <0.001*
Systolic blood pressure, nmHg (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
HbAIc, % (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"
¢-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, HbAlc: glycated hemoglobin,
c-HDL: cholesterol associated with high-density lipoprotein, c-LDL: cholesterol associated with low-density lipoprotein.

*Mann-Whitney U test; " Student’s ¢-test.

TaBLE 2: Inflammatory profile in total TID population and in patients with and without MS.

5

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) 23(2.3-3) 23 (2.3-4.4) 23 NS
TNE, pg/mL (median, IR) 2.7 (2.7-4.8) 2.7 (2.7-7.8) 27 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 44% 0.021

IR: interquartile range, TID: 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 hypertension nor 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 TID 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 TID, 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 the MS 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 TID
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 correlate with 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 Sjogren 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 synthesized mainly 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 . Furthermore, resistin has been shown to regulate
gene expression of TNF-a and IL-6 via nuclear factor-kf
(NF-kp3) [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 TID; 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 cytokines were low. However, the basal
characteristics of their groups also seem radically different
and their patients with MS have higher HbAlc and insulin
dose/kg than the group without MS. 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-
oftf point has been established so far. We observed that a
cut-off point of 7.32 mg/kg ™' /min~" predicts MS development
with a sensitivity of 80% and specificity of 66%, in a group
consisting entirely of Mexican mestizos. Despite the fact that



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, ZCCHCI1 and regnase-1) or certain microRNAs [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- ) and endothelial activity
through E-selectin, vascular cell adhesion molecule (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 etiopathogeny may 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
and middle specificity. To our knowledge this seems to be the
first study that determines insulin resistance through eGDR
in Mexican population.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Journal of Diabetes Research

Acknowledgments

This work was supported by institutional grants from the
Fondo de Investigacion en Salud del Instituto Mexicano del
Seguro Social (R-2012-3601-129 to Victoria Mendoza). The
authors thank Ismael Mancilla-Herrera, Ph.D., and Esteban
Cerezo-Dominguez, M.S., from the Immunochemistry Med-
ical Unit for their technical assistance.

References

[1] D. K. Wherrett and D. Daneman, “Prevention of Type 1 Dia-
betes,” Endocrinology and Metabolism Clinics of North America,
vol. 38, no. 4, pp. 777-790, 2009.

[2] K. M. Gillespie, “Type 1 diabetes: pathogenesis and prevention,”
CMA], vol. 175, no. 2, pp. 165-170, 2006.

[3] R. A. Gomez-Diaz, G. Pefez-Pérez, I. T. Hernandez-Cuesta
et al,, “Incidence of type 1 diabetes in Mexico: data from an
institutional register 2000-2010,” Diabetes Care, vol. 35, no. 11,
p. €77, 2012.

[4] A. Ferreira-Hermosillo, G. Vargas-Ortega, B. Gonzélez-Virla,
M. Mercado-Atri, and M. Molina-Ayala, “Prevalence of meta-
bolic syndrome (MS) in patients with diabetes mellitus type 1
(DM1);” Gaceta Médica de México, vol. 148, no. 2, pp. 137-143,
2012.

[5] R. Rojas-Martinez, C. A. Aguilar-Salinas, A. Jiménez-Corona,
E J. Gomez-Pérez, S. Barquera, and E. Lazcano-Ponce, “Preva-
lence of obesity and metabolic syndrome components in Mex-
ican adults without type 2 diabetes or hypertension,” Salud
Publica de México, vol. 54, no. 1, pp. 7-12, 2012.

J. ]. Chillarédn, J. A. Flores-Le-Roux, A. Goday et al., “Metabolic
syndrome and type-1 diabetes mellitus: prevalence and associ-
ated factors,” Revista Espanola de Cardiologia, vol. 63, no. 4, pp.
423-429, 2010.

[7] B. Teupe and K. Bergis, “Epidemiological evidence for ‘double

diabetes}” The Lancet, vol. 337, no. 8737, pp. 361-362, 1991.

[8] G. Pambianco, T. Costacou, and T. J. Orchard, “The prediction
of major outcomes of type 1 diabetes: a 12-year prospective
evaluation of three separate definitions of the metabolic syn-
drome and their components and estimated glucose disposal
rate: the Pittsburgh Epidemiology of Diabetes Complications
Study experience;” Diabetes Care, vol. 30, no. 5, pp. 1248-1254,
2007.

[9] S. S. Soedamah-Muthu, J. H. Fuller, H. E. Mulnier, V. S.
Raleigh, R. A. Lawrenson, and H. M. Colhoun, “High risk
of cardiovascular disease in patients with type 1 diabetes in
the UK.: a cohort study using the general practice research
database,” Diabetes Care, vol. 29, no. 4, pp. 798-804, 2006.

[10] R. C. Bonadonna, D. Cucinotta, D. Fedele, G. Riccardi, and
A. Tiengo, “The metabolic syndrome is a risk indicator of
microvascular and macrovascular complications in diabetes:
results from Metascreen, a multicenter diabetes clinic-based
survey, Diabetes Care, vol. 29, no. 12, pp. 2701-2707, 2006.

[11] L. M. Thorn, C. Forsblom, J. Wadén et al., “Metabolic syndrome
as a risk factor for cardiovascular disease, mortality, and
progression of diabetic nephropathy in type 1 diabetes,” Diabetes
Care, vol. 32, no. 5, pp. 950-952, 2009.

[12] M. T. Schram, N. Chaturvedi, C. G. Schalkwijk, J. H. Fuller,
and C. D. A. Stehouwer, “Markers of inflammation are cross-
sectionally associated with microvascular complications and
cardiovascular disease in type 1 diabetes—the EURODIAB

N



Journal of Diabetes Research

(13]

(16]

(17]

(20]

(21]

[22]

(23]

[24]

(25

(26]

(27]

Prospective Complications Study;,” Diabetologia, vol. 48, no. 2,
pp. 370-378, 2005.

J. K. Snell-Bergeon, N. A. West, E. J. Mayer-Davis et al., “Inflam-
matory markers are increased in youth with type 1 diabetes: the
SEARCH case-control study;” Journal of Clinical Endocrinology
and Metabolism, vol. 95, no. 6, pp. 2868-2876, 2010.

E Mahmoud and E. Al-Ozairi, “Inflammatory cytokines and the
risk of cardiovascular complications in type 2 diabetes,” Disease
Markers, vol. 35, no. 4, pp. 235-241, 2013.

A. Vidal-Puig and S. O’Rahilly, “Resistin: a new link between
obesity and insulin resistance?” Clinical Endocrinology, vol. 55,
no. 4, pp. 437-438, 2001.

C. M. Steppan, S. T. Bailey, S. Bhat et al., “The hormone resistin
links obesity to diabetes,” Nature, vol. 409, no. 6818, pp. 307-312,
2001.

K. G. M. M. Alberti, R. H. Eckel, S. M. Grundy et al., “Harmo-
nizing the metabolic syndrome: a joint interim statement of the
International Diabetes Federation Task Force on Epidemiology
and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; Inter-
national Atherosclerosis Society; and International Association
for the Study of Obesity,” Circulation, vol. 120, no. 16, pp. 1640-
1645, 2009.

World Health Organization, “Obesity: preventing and manag-
ing the global epidemic. Report of a WHO consultation,” World
Health Organization Technical Report Series 894, World Health
Organization, Geneva, Switzerland, 2000.

W. T. Friedewald, R. I. Levy, and D. S. Fredrickson, “Estimation
of the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge.,” Clinical
Chemistry, vol. 18, no. 6, pp. 499-502, 1972.

K. V. Williams, J. R. Erbey, D. Becker, S. Arslanian, and T. J.
Orchard, “Can clinical factors estimate insulin resistance in type
1 diabetes?” Diabetes, vol. 49, no. 4, pp. 626-632, 2000.

E. S. Kilpatrick, A. S. Rigby, and S. L. Atkin, “Insulin resistance,
the metabolic syndrome, and complication risk in type 1
diabetes: ‘double diabetes’ in the diabetes control and compli-
cations trial,” Diabetes Care, vol. 30, no. 3, pp. 707-712, 2007.

S. Barquera, I. Campos-Nonato, L. Hernandez-Barrera, A.
Pedroza, and J. A. Rivera-Dommarco, “Prevalence of obesity in
Mexican adults 2000-2012,” Salud Publica de Mexico, vol. 55,
supplement 2, pp. S151-S160, 2013.

J. J. Chillaron, D. Benaiges, L. Mane, J. Pedro-Botet, and J. A.
Flores Le-Roux, “Obesity and type 1 diabetes mellitus manage-
ment,” Minerva Endocrinologica, vol. 40, no. 1, pp. 53-60, 2015.
B. Conway, R. G. Miller, T. Costacou et al., “Temporal patterns
in overweight and obesity in Type 1 diabetes,” Diabetic Medicine,
vol. 27, no. 4, pp. 398-404, 2010.

A. Jager, V. W. M. van Hinsbergh, P. J. Kostense et al., “Increased
levels of soluble vascular cell adhesion molecule 1 are associated
with risk of cardiovascular mortality in type 2: the hoorn study,”
Diabetes, vol. 49, no. 3, pp. 485-491, 2000.

A. Jager, V. W. M. van Hinsbergh, P. J. Kostense et al., “von
Willebrand factor, C-reactive protein, and 5-year mortality in
diabetic and nondiabetic subjects: the Hoorn Study, Arte-
riosclerosis, Thrombosis, and Vascular Biology, vol. 19, no. 12, pp.
3071-3078, 1999.

M. B. Schulze, 1. Shai, E. B. Rimm, T. Li, N. Rifai, and E B. Hu,
“Adiponectin and future coronary heart disease events among
men with type 2 diabetes,” Diabetes, vol. 54, no. 2, pp. 534-539,
2005.

(28]

(33]

(34]

(35]

X. Provatopoulou, D. Georgiadou, T. N. Sergentanis et al., “In-
terleukins as markers of inflammation in malignant and benign
thyroid disease,” Inflammation Research, vol. 63, pp. 667-674,
2014.

A. Tuttolomondo, R. Pecoraro, D. Di Raimondo et al., “Im-
mune-inflammatory markers and arterial stiffness indexes in
subjects with acute ischemic stroke with and without metabolic
syndrome,” Diabetology & Metabolic Syndrome, vol. 6, no. 1,
article 28, 2014.

G. Tian, J.-L. Li, D.-G. Wang, and D. Zhou, “Targeting IL-10 in
Auto-immune Diseases,” Cell Biochemistry and Biophysics, vol.
70, no. 1, pp. 37-49, 2014.

S. S. Pang and Y. Y. Le, “Role of resistin in inflammation and
inflammation-related diseases,” Cellular ¢» Molecular Immunol-
ogy, vol. 3, no. 1, pp. 29-34, 2006.

H. C. Fehmann and J. Heyn, “Plasma resistin levels in patients
with type 1 and type 2 diabetes mellitus and in healthy controls,”
Hormone and Metabolic Research, vol. 34, no. 11-12, pp. 671-673,
2002.

R. Timar, B. Timar, D. Degeratu, C. Serafinceanu, and C.
Oancea, “Metabolic syndrome, adiponectin and proinflamma-
tory status in patients with type 1 diabetes mellitus;” Journal of
International Medical Research, vol. 42, no. 5, pp. 1131-1138, 2014.
E. J. Epstein, J. L. Osman, H. W. Cohen, S. N. Rajpathak, O.
Lewis, and J. P. Crandall, “Use of the estimated glucose disposal
rate as a measure of insulin resistance in an urban multiethnic
population with type 1 diabetes,” Diabetes Care, vol. 36, no. 8,
pp. 22802285, 2013.

T. Mino and O. Takeuchi, “Post-transcriptional regulation of
cytokine mRNA controls the initiation and resolution of inflam-
mation,” Biotechnology and Genetic Engineering Reviews, vol. 29,
no. 1, pp. 49-60, 2013.



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



