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Young Hispanics at risk of type 2 diabetes display
endothelial activation, subclinical inflammation
and alterations of coagulation and fibrinolysis
Carlos O Mendivil1, Ludivina Robles-Osorio2, Edward S Horton2, Osama Hamdy2 and Augusto Enrique Caballero2*
Abstract

Background: Hispanics have a high rate of diabetes that exposes them to an increased risk of cardiovascular
disease. We hypothesized that many of the pathophysiological mechanisms that cause atherosclerotic disease may
be present in young Hispanics who do not have clinical diabetes but are at increased risk of developing it.

Methods: We studied 36 young Hispanic adults without diabetes (ages 18–40). Seventeen participants were at
increased risk of developing type 2 diabetes given by overweight and a family history of diabetes on one or both
parents (at risk group). Nineteen participants with normal body-mass index and no parental history of diabetes
constituted the control group. We measured and compared plasma markers of endothelial dysfunction, disturbed
coagulation and fibrinolysis, subclinical inflammation and adipose tissue dysfunction in the at risk and control groups.

Results: Participants at risk of diabetes were more insulin-resistant according to different indicators, and had
significantly higher levels of soluble intercellular adhesion molecule-1 (sICAM-1), tissue plasminogen activator (tPA),
inhibitor of plasminogen activator-1 (PAi-1), high sensitivity C-reactive protein and free fatty acids, signaling the
presence of multiple proatherogenic alterations despite the absence of overt diabetes. Levels of the prothrombotic
molecule PAi-1 were most elevated in participants who were not only at risk of diabetes by the study definition, but
also abdominally obese.

Conclusions: Young adult Hispanics at risk of type 2 diabetes but without overt disease already bear considerably high
levels of markers reflecting processes that lead to the development of atherosclerotic cardiovascular disease.
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Background
People of Hispanic or Latino origin are currently the lar-
gest and fastest-growing minority group in the United
States [1]. Among Hispanics in the United States, the
prevalence of type 2 diabetes mellitus has been increasing
at an astonishingly fast rate during the last three decades.
Between the years 1980 and 2006, this prevalence jumped
from 2.6% to 10.4% [2], an increase equally marked in all
Hispanic subgroups [2]. Type 2 diabetes is a strong cardio-
vascular disease (CVD) risk factor [3], and the dramatic
rise in its prevalence that we are witnessing today is likely
to translate into increased cardiovascular morbidity,
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mortality and health costs for the Hispanic population in
the future. This would add to the already significant bur-
den of CVD in the Hispanic population. Not only is CVD
the main cause of death among Hispanics [4], but when
the prevalence of coronary artery calcification is estimated
by ethnicity, Hispanics have the second highest prevalence
after whites [5]. Furthermore, Hispanic immigrants in the
US have a particularly high prevalence of overweight or
obesity, another relevant cardiovascular risk factor [6].
Importantly, Hispanics tend to deposit visceral and sub-
cutaneous abdominal fat as young adults rather than later
in life, so many of the metabolic derangements contribut-
ing to cardiovascular risk in this population may be
present decades before CVD is manifest [7].
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Throughout the atherothrombotic process that ends
in a clinical CVD event, endothelial dysfunction, hy-
percoagulability and subclinical inflammation have
proven to be key pathophysiologic factors [8], and a
number of biomarkers that measure these alterations
have been discovered and developed [9]. Biomarkers
that measure endothelial dysfunction or subclinical in-
flammation are also predictive of the risk of developing
type 2 diabetes [10,11], so they may provide very useful
information for opportune preventive interventions
aimed at both type 2 diabetes and CVD.
Alterations in endothelial homeostasis are present in

individuals who bear risk factors for the development of
type 2 diabetes well before the development of clinical
hyperglycemia [12,13], and prior studies have encoun-
tered high levels of markers of endothelial dysfunction,
coagulation/fibrinolysis alterations and subclinical in-
flammation in Caucasian patients with obesity [14], or
with a family history or a personal diagnosis of diabetes
[15]. A widely held belief is that atherosclerotic disease
is a problem of middle-aged and older adults, and des-
pite some data on Hispanic youth [16], very little is be-
ing done to explore the alterations that mediate the high
burden of CVD among Hispanics, and open opportun-
ities for early intervention focusing on relevant factors.
For this reason, our main study aim was to explore

whether plasma markers of endothelial dysfunction (sol-
uble intercellular adhesion molecule-1 [sICAM-1] and
soluble vascular adhesion molecule [sVCAM]), disturbed
coagulation/fibrinolysis (tissue-type plaminogen activa-
tor [tPA] and plasminogen activator inhibitor-1 [PAi-1]),
subclinical inflammation (high sensitivity C-reactive pro-
tein [hsCRP] and interleukin 6 [IL-6]) are increased,
while markers of adipose tissue function (adiponectin)
are reduced; in young Hispanic adults who do not have
clinical type 2 diabetes but are at increased risk of type 2
diabetes because of their body weight and family history.
Research design and methods
The protocol was approved by the Committee on Human
Studies of the Joslin Diabetes Center (JDC) and the Scien-
tific Advisory Committee of the Clinical Research Center
at the Beth Israel Deaconess Medical Center. All research
activities were conducted according to the principles
expressed in the declaration of Helsinki. All participants
provided written informed consent.
The study included young Hispanic adults at risk of de-

veloping type 2 diabetes (“at risk” group), and subjects of
the same age group and ethnic background but without
the selected risk factors for type 2 diabetes (“control”
group). All subjects were Hispanic, between 18 and 40 years
old, and had not participated in any exercise program for
the 6 months prior to the start of the study.
We considered a subject Hispanic if both parents
reported to be Hispanic when asked the following ques-
tion: “What ethnic group do you consider that you belong
to?”. For the at risk group, subjects had to have a history
of type 2 diabetes in one or both parents, and a body-mass
index (BMI) above 27 Kg/m2. For the control group, sub-
jects had to have no history of type 2 diabetes in any first
degree relative, and a BMI under 25 Kg/m2. At-risk and
control subjects were matched by age in +/− 5-year
brackets, that is, a participant in the “at-risk” group who
was 30 years old was matched to a control subject of the
same sex, with an age between 25 and 35 years. The exclu-
sion criteria included diagnosed diabetes or treatment
with oral antidiabetic drugs, insulin or lipid-lowering
drugs, pregnancy, smoking, existent cardiovascular dis-
ease, uncontrolled arterial hypertension, renal disease,
proteinuria, cancer, infectious diseases, severe GI diseases,
lung diseases, electrolyte abnormalities, anemia, peripheral
vascular disease, use of beta-blockers, any diuretic, cal-
cium channel blockers, ACE inhibitors, angiotensin recep-
tor blockers, niacin, glucocorticoids, any antineoplastic
agent, antibiotics, psychoactive agents or bronchodilators.
Study subjects were recruited from the offspring of pa-

tients with type 2 diabetes at the Joslin Diabetes Center
and the Beth Israel Deaconess Medical Center in Boston,
notices placed on bulletin boards at the medical center and
in diabetes clinics, or by referral from colleagues. Only one
subject from any given family was included in the study.
For the study protocol, patients arrived at the clinical re-

search center of the JDC after a 12 hour fast, had a full
medical history and physical examination, plus measure-
ment of weight, height, and waist and hip circumferences
by nutrition staff to ensure consistency. Blood samples were
taken for the measurement of plasma markers and general
chemistry. An oral glucose tolerance test (OGTT) was
performed in accordance with World Health Organization
recommendations. The glucose load was calculated as
1.75 grams of glucose/Kg, with a maximum amount of
75 g. Samples for plasma glucose and insulin were collected
at baseline and 30, 60, 90, and 120 min after the oral glu-
cose load.
In the fasting blood samples, we measured glucose, insu-

lin, glycated hemoglobin A1c (A1c), lipids, free fatty acids,
urea nitrogen, creatinine, sVCAM, sICAM-1, PAi-1, tPA,
TNF-alpha, IL-6, hsCRP and adiponectin.
Plasma glucose, total serum cholesterol, triglycerides,

blood urea nitrogen, and creatinine were measured
using the Synchron CX analyzer (Beckman Systems,
Oxford, CT), whereas HDL cholesterol was measured
directly (Polymedco, Cortland Manor, NY). LDL chol-
esterol concentration was estimated by the Friedewald
formula [17] or was directly measured (Polymedco)
if triglycerides were > 250 mg/dl, total cholesterol
was >240 mg/dL, or HDL cholesterol was <35 mg/dL. A1c
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was determined using ion-exchange, high-performance
liquid chromatography. Insulin (Immulite, two-site chemi-
luminescent immunometric assay; Diagnostic Products,
Los Angeles, CA), free fatty acids (enzymatic colorimetric
method, NEFA C kit; Waco Chemicals, Richmond, VA),
and all vascular markers and adipocytokines were mea-
sured at the core laboratory of the clinical research center
at the Beth Israel Deaconess Medical Center, Boston,
Massachusetts. Accepted commercial kits used were
sICAM-1 and sVCAM (ELISA; R&D Systems, Minneap-
olis, MN), TNF-alpha and IL-6 (ELISA; R&D Systems),
hsCRP (solid-phase, chemiluminescent immunometric
assay; Diagnostic Products), PAi-1 and tPA (ELISA;
Diagnostica Stago, Parsipanny, NJ), and adiponectin
(ELISA; Linco Research, St. Charles, MI). We evaluated
the glucose and insulin area under the curve (AUC) with
the trapezoidal method: ½ Σ (ti+1 - ti) (yi + yi+1) [18].
Common indexes of insulin sensitivity and insulin secre-

tion were used: homeostasis model assessment (HOMA)
of insulin resistance [19] (HOMA-IR: {fasting insulin
[microU/mL] * fasting glucose [mmol/L]}/22.5), HOMA of
beta-cell function (HOMA beta-cell% = [20 * fasting insu-
lin]/[glucose (mmol/L) - 3.5]), insulin sensitivity index (ISI:
22.5/(fasting insulin [microU/mL]*fasting glucose [mmol/
L]), and the 1/fasting insulin index. We used insulin secre-
tion indexes as the corrected insulin response (CIR: 100 *
30 min insulin/[30 min glucose (mg/dL) * {30 min glucose
(mg/dL) - 70 mg/dL}]) and the insulin-to-glucose ratio:
(30 min insulin [microU/mL] - fasting insulin [microU/
mL])/(30 min glucose [mg/dL] - fasting glucose [mg/dL])
(19). Total body and trunk fat were estimated through dual
energy X-ray absortiometry with a Hologic QDR 4500
densitometer machine (Hologic, Bedford, MA).

Statistical analysis
The sample size was calculated to achieve 80% statistical
power at a two-sided significance level of 0.05 for a t test
in order to identify a difference in the plasma markers of
endothelial function (sICAM-1) of at least 6% between
the groups, based on previous data on overweight adults
[14]. An expected difference between the groups of
30 ng/ml for sICAM, with an expected SD of 27 ng/mL,
would require at least 14 subjects in each of the groups.
Statistical analyses were performed using SPSS for Win-
dows, version 17 (SPSS, Chicago, IL). For all comparative
data, an alpha-error rate of 0.05 and a beta-error rate of 0.2
were considered. The Kolmogorov-Smirnov test was used
to assess the normality assumption of continuous distribu-
tion. The results are presented as means +/− SD, median,
25th-75th percentile intervals (interquartile range), and
percentages, as applicable. For normally distributed con-
tinuous variables, two-sided t tests were used for the com-
parison of differences between groups. Non-normally
distributed continuous variables were compared using the
Wilcoxon signed-rank test. All categorical variables were
analyzed using the chi-square test or Fisher’s exact test
when applicable. Spearman correlations were performed to
evaluate the association of continuous variables. To explore
the influence of central body fat distribution, we classified
study participants by waist circumference above or below
the respective group median, and compared mean levels of
markers using a two-way ANOVA with level of waist cir-
cumference and risk group as fixed factors.

Results
Thirty-eight subjects were screened for the study, and 2
were excluded due to a diagnosis of diabetes on the oral
glucose tolerance test (OGTT), for a final sample size of
36 subjects: 19 in the control group and 17 in the at risk
group. There were 9 women in the control group and 10
women in the at risk group. As discovered in the OGTT, 5
participants in the at risk group had impaired glucose tol-
erance (IGT) (29.4% of the group), and 2 had impaired
fasting glucose (IFG) (11.8% of the group). No participant
in the control group had IFG or IGT.
Participants in the at risk group had by study design a

higher weight and BMI than the control group (Table 1).
They also showed higher mean values of several measures
of body adiposity, but not higher A1c levels. Concerning
plasma lipids, the only significant differences were higher
triglycerides and free fatty acids in the at risk group.

Measures of glucose homeostasis and insulin sensitivity
Fasting plasma glucose levels were significantly higher in
the group at risk (5.25 +/− 0.43 mmol/L) than in the
control group (4.7 +/− 0.32 mmol/L) (p < 0.001). How-
ever, there were no significant differences on plasma glu-
cose levels between groups at subsequent time points of
the OGTT (Figure 1). Insulin levels during the OGTT
were in general higher and more variable in the group at
risk. The difference in fasting plasma insulin was significant
(18.0 +/− 2.3 μUI/mL in the group at risk and 9.8 +/−
5.0 μUI/mL in the control group, p = 0.018), and insulin
levels at time points 60 min and 90 min during the OGTT
were also significantly higher in the group at risk. The
between-groups difference in insulin at 120 min was of bor-
derline statistical significance (p = 0.058).
There was a large and significant (p = 0.02) between-

groups difference in the insulin AUC, with the average
value being almost twice as high in the group at risk as in
the control group (Table 2). Glucose AUC was also signifi-
cantly higher in the group at risk, although the propor-
tional difference between groups was smaller. Participants
in the group at risk also had significantly higher values of
the HOMA-IR index, and a lower Insulin Sensitivity Index
of borderline statistical significance (p = 0.051). Between-
groups differences in other measures of insulin resistance
were not statistically significant.



Table 1 Demographic and clinical characteristics of the
two study groups

Risk group P

Control At risk

N= 19 17 -

Age (years) 28.3 ± 5.6 31.8 ± 5.5 0.07

Female sex (%) 47.3 58.8 0.59

Weight (Kg) 65.4 ± 12.1 87.5 ± 21.0 <0.001

Body mass Index (Kg/m2) 23.0 ± 2.0 32.2 ± 5.9 <0.001

Waist circumference (cm) 78.9 ± 7.5 99.1 ± 14.8 <0.001

Waist-to-hip ratio 0.82 ± 0.06 0.87 ± 0.07 0.014

Whole body fat (%) 24.2 ± 6.4 35.9 ± 7.1 <0.001

Trunk body fat (%) 23.0 ± 5.8 36.7 ± 7.8 <0.001

Systolic blood pressure (mmHg) 105.4 ± 13.7 112.4 ± 9.6 0.09

Diastolic blood pressure (mmHg) 67.9 ± 7.5 74.7 ± 9.7 0.025

Fasting plasma glucose (mmol/L) 4.70 ± 0.32 5.25 ± 0.43 <0.001

OGTT 2 h plasma glucose (mmol/L) 7.03 ± 2.16 8.23 ± 2.74 0.14

Impaired fasting glucose # (%) 0 (0) 2 (11.8) 0.12

Impaired glucose tolerance # (%) 0 (0) 5 (29.4) 0.011

Glycated hemoglobin A1c (%) 5.2 ± 0.2 5.2 ± 0.7 0.6

Total cholesterol (mmol/L) 4.45 ± 0.78 4.34 ± 1.04 0.74

Triglycerides (mmol/L) 0.84 ± 0.45 1.26 ± 0.64 0.026

HDL cholesterol (mmol/L) 1.23 ± 0.40 1.01 ± 0.25 0.067

LDL cholesterol (mmol/L) 2.87 ± 0.71 2.91 ± 1.06 0.91

Triglycerides/HDL cholesterol ratio 1.78 ± 1.2 3.15 ± 1.91 0.015

Plasma free fatty acids (mEq/L) 0.42 ± 0.16 0.58 ± 0.22 0.02

Values are means (SD) unless indicated otherwise.
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Markers of endothelial function and subclinical
inflammation
The group at risk had increased levels of sICAM-1, but
not sVCAM; as well as significantly elevated tPA, PAi-1,
hsCRP and free fatty acids. Adiponectin levels were on
average lower in the group at risk, but this difference
Figure 1 Plasma glucose and insulin concentrations during the OGTT
*P < 0.05, †P < 0.01, ‡P < 0.001.
was not significant (p = 0.3). The most pronounced
between-groups difference was evident for the coagula-
tion/fibrinolysis markers (Figure 2). No difference was
observed on circulating TNF-alpha levels.

Relationship between fat distribution and biomarkers
Among participants in the at risk group, those with a waist
circumference above the group median had significantly
higher levels of PAi-1 compared to those with waist cir-
cumferences below the median (Figure 3). Participants in
the at risk group with waist circumferences below the
group median had PAi-1 levels comparable to those of par-
ticipants in the control group. Concentrations of hsCRP
were on average higher among participants with waist cir-
cumferences above their group median, but this difference
did not reach statistical significance in either group.

Correlations between glucose homeostasis indexes
and biomarkers
The highest correlations were observed between PAi-1 or
tPA and the measures of insulin resistance: fasting
insulinemia, insulin AUC and HOMA-IR, Spearman correl-
ation coefficients ranged between 0.67 and 0.71 (p < 0.001
for all correlations). There was also a positive and signifi-
cant correlation of PAi-1 (r = 0.53, 0.001) and tPA (r = 0.65,
p < 0.001) with fasting glucose. sICAM-1 levels were most
strongly correlated with the insulin AUC (r = 0.61,
p < 0.001), but also showed significant correlations with
fasting glucose (r = 0.41, p = 0.011), fasting insulin (r = 0.52,
p < 0.001), HOMA-IR (r = 0.54, p < 0.001) and HOMA-beta
cell (r = 0.37, p = 0.026). Meanwhile, sVCAM did not cor-
relate with any of the performed indexes of glucose metab-
olism. Among the biomarkers of subclinical inflammation,
hsCRP was the one most strongly correlated with metabolic
variables including fasting glucose (r = 0.50, p = 0.002),
fasting insulin (r = 0.50, p = 0.001), insulin AUC (r = 0.48,
p = 0.002), HOMA-IR (r = 0.53, p < 0.001) and HOMA-
beta cell (r = 0.34, p = 0.038). On the other hand, IL-6 was
in the control (light diamonds) and obese (dark squares) groups.



Table 2 Measures of glucose homeostasis and insulin
sensitivity in the two study groups

Risk group P

Control At risk

Insulin AUC
(microUI*min-1*mL-1)

7450 ± 3156.4 11998.1 ± 7343.9 0.020

Glucose AUC
(mg*min-1*dL-1)

14505.8 ± 2718.3 16718.7 ± 3766.8 0.042

Corrected Insulin Response 0.56 ± 1.37 1.09 ± 0.91 0.238

Insulin-to-glucose ratio 1.28 ± 1.45 2.14 ± 1.94 0.129

Insulin Sensitivity Index 0.6 ± 0.27 0.38 ± 0.4 0.051

HOMA-IR 2.11 ± 1.17 4.35 ± 2.79 0.004

HOMA-beta cell 177.4 ± 167.8 203.3 ± 127.6 0.299

1/Insulin 0.13 ± 0.06 0.09 ± 0.08 0.073
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Figure 2 Markers of endothelial activation, coagulation and
fibrinolysis, vascular inflammation, and adipocytokines in the
control (light bars) and at risk (dark bars) groups. The variables
with a normal distribution are shown with bars and SDs, whereas
those not normally distributed are shown in a box plot format.
*P < 0.05, †P < 0.01, ‡P < 0.001.
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not significantly associated with any metabolic variable, and
circulating TNF-alpha levels only correlated with insulin
AUC (r = 0.34, p = 0.045). Adiponectin was significantly
and negatively correlated with all measures of insulin resist-
ance, coefficients were r = −0.43 (p = 0.01) with fasting glu-
cose, r = −0.46 (p = 0.004) with fasting insulin, r = −0.34
(p = 0.04) with insulin AUC and r = −0.51 (p = 0.001) with
HOMA-IR. Plasma free fatty acids correlated positively
with the glucose AUC (r = 0.48, p = 0.003).

Discussion
In this study in young Hispanic adults without diabetes or
other metabolic disease, an increased risk for type 2 dia-
betes was significantly associated with markers of early
phenomena in the pathogenesis of atherosclerotic disease:
Endothelial activation (higher levels of sICAM-1), subclin-
ical inflammation (higher levels of hsCRP), disturbed co-
agulation/thrombolysis (increased levels of PAi-1 and
tPA), and impaired suppression of adipose tissue lipolysis
(increased levels of plasma free fatty acids). The interpret-
ation of our central finding could be that in young
Hispanic adults without any overt metabolic disease but at
risk of type 2 diabetes, the pathophysiological alterations
that lead to macrovascular disease were already present.
The average age of both the control and the at risk group
was around 30 years, so they do represent young Hispanic
adults, despite the relatively wide range of ages allowed in
the inclusion criteria. This supports the idea that prevent-
ive measures aimed at preventing the silent progression of
cardiovascular disease should be instated since the early
adulthood, particularly among ethnicities disproportion-
ately affected by diabetes and cardiovascular disease, as is
the case among Hispanics.
sICAM-1 is a circulating version of the adhesion mol-

ecule Intercellular Adhesion Molecule-1 (ICAM-1), which
facilitates adhesion of circulating monocytes to endothelial
cells [20]. sICAM is not an entirely endothelium-
specific marker and its levels may increase during acute
inflammatory processes but it has the great advantage
that, being a circulating marker; it allows for a global
evaluation of endothelial function; as opposed to the
local assessment of endothelial function by the meas-
urement of endothelium-dependent vascular reactivity.
In prospective studies, sICAM-1 has been positively as-
sociated with the risk of myocardial infarction among
initially healthy individuals [21,22]. There seem to be
differences in the prognostic meaning of sICAM-1 and
sVCAM: a previous observational study found a positive
association between sICAM-1, but not sVCAM and



Figure 3 Markers of endothelial activation, coagulation, fibrinolysis and vascular inflammation that differed between the control and
at risk groups, by waist circumference below (light bars) or above (dark bars) the median of their risk group. Median waist
circumference was 94 cm in the at risk group, and 80.5 cm in the control group. *p = 0.02 and †p = 0.04 for difference between high and low
waist circumference in a two-way ANOVA that included risk group.
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atherosclerotic disease, in that case carotid or femoral
plaque burden [23]. The same observation of sICAM-1
being a better predictor was found in a large cohort
study of endothelial markers and symptomatic periph-
eral arterial disease [24]. This evidence suggests that the
elevated sICAM-1 of individuals in the at risk group in
our study signals an increased risk of future CVD des-
pite their apparently healthy condition.
tPA is a serine protease that degrades fibrin, promoting

the dissolution of pre-formed blood clots. PAi-1 is a potent
inhibitor of tPA, what makes it an essentially prothrombotic
mediator, but it also has important profibrotic and chemo-
tactic activities [25]; both tPA and PAi-1 have been reported
to correlate with body weight [26]. The very large between-
groups difference in our study (levels in the at risk group al-
most doubled those in the control group); emphasizes that
apparently healthy young individual at risk for type 2 dia-
betes exhibit remarkable alterations in these markers. An
appealing finding was that PAi-1 levels in the at risk group
were elevated only among participants with a waist circum-
ference above the group median (a relative measure of ab-
dominal obesity). In other words, the association between
being at risk for type 2 diabetes and PAi-1 levels was mostly
accounted for by abdominal obesity. Prior studies have doc-
umented a strong association between abdominal adiposity
and circulating PAi-1 in subjects without diabetes [27,28].
It has also been shown in animal models that insulin resist-
ance, which is strongly associated with abdominal obesity;
stimulates the production of PAi-1 through the Mitogen-
Activated Kinase pathway [29]. This suggests that interven-
tions focused on reduction of adiposity and improvement
of body fat distribution may have an important positive im-
pact on coagulation disturbances among Hispanics at risk
for type 2 diabetes.
The elevated hsCRP levels of the at risk group confirm

that subclinical inflammation is a key precursor of the
metabolic alterations that foster the appearance of type 2
diabetes. There is a well established association between
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hsCRP and body adiposity, hence part of the between-
groups difference in hsCRP may be attributed to BMI dif-
ferences; but it was interesting to observe that higher waist
circumferences were associated with higher hsCRP levels
even within the control group. The hsCRP difference be-
tween control subjects above or below the waist circumfer-
ence group median did not achieve statistical significance,
but there was a clear trend towards increased hsCRP in the
relatively more abdominally obese control subjects. The
lack of significance for such a large difference is probably
due to limited sample size and the intrinsically high bio-
logical variability of hsCRP. In any case, the significantly
higher hsCRP levels in the at risk group constitute a
worrying alarm, given that hsCRP correlates strongly with
the long term risk of type 2 diabetes, CVD, stroke and
death [30,31]. The other two inflammatory markers be-
sides hsCRP (IL-6 and TNF-alpha) were not associated
with at risk status, there may be several reasons for this.
IL-6 is known to stimulate production of hsCRP by the
liver, so in a sense hsCRP is an integrated version of IL-6
activity, one that may be more related to chronic systemic
conditions [32]. In the case of TNF-alpha, much of its ac-
tion is exerted at the paracrine level [33], so it is likely that
circulating levels do not reflect actual TNF-alpha secre-
tion, particularly by adipose tissue. Adiponectin levels did
not differ significantly between groups, but there was a
trend towards lower levels in the at risk group. In any
event, in our study reduced adiponectin was not a prom-
inent characteristic of Hispanics at risk for type 2 diabetes.
In our selection of at risk individuals, we combined two

separate risk factors, one modifiable and mostly environ-
mental in nature (overweight) and one non-modifiable
and mostly genetic in nature (family history). For future
studies it will be interesting to explore how much of the
observed alterations in markers can be attributed to each
risk factor separately, as this will have implications in the
development of preventive strategies.
Despite the constellation of other differences in rele-

vant biomarkers between groups, including the presence
of some individuals with IGT and IFG, we did not find
significantly higher A1c values in the at risk group. This
observation brings even more rationale for further stud-
ies that clarify the potential role of A1c as a diagnostic
test to screen for or to diagnose pre-diabetic states, par-
ticularly in this ethnicity and age group [34,35].

Conclusions
Our results suggest that young adult Hispanics at risk of
type 2 diabetes but without clinical or biochemical diabetes
already bear considerably high levels of markers reflecting
processes that promote the development of CVD. In par-
ticular sICAM (endothelial dysfunction), tPA and PAi-1
(hypercoagulability), hsCRP (chronic inflammation) and
plasma free fatty acids (adipose dysfunction) may be early
markers of these pathogenic processes. Given the growing
relevance of cardiovascular and metabolic disease in this
population group, these observations constitute a call to
early preventive actions focused on young Hispanics.

Abbreviations
CVD: Cardiovascular disease; sICAM-1: Soluble intercellular adhesion
Molecule-1; sVCAM: Soluble vascular adhesion molecule; tPA: Tissue-type
plaminogen activator; PAi-1: Plasminogen activator inhibitor-1; hsCRP: High
sensitivity C-reactive protein; IL-6: Interleukin 6; JDC: Joslin diabetes center;
BMI: Body-mass index; OGTT: Oral glucose tolerance test; AUC: Area under
the curve; HOMA-IR: Homeostasis model assessment of insulin resistance;
ISI: Insulin sensitivity index; CIR: Corrected insulin response; IFG: Impaired
fasting glucose; IGT: Impaired glucose tolerance.

Competing interests
The authors have no competing interests to disclose.

Authors’ contributions
COM reviewed the protocol, analyzed the data and wrote the manuscript,
LR-O participated in the writing of the protocol and collected research data,
ESN participated in the writing of the protocol and critical review of the
manuscript, OH participated in the writing of the protocol and critical review
of the manuscript, AEC directed and coordinated the project, wrote the
protocol, and provided critical review of the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
We thank the participants in this study for their precious time and
collaboration. COM analyzed data, wrote the manuscript and contributed to
discussion, L R-O researched data, ESH contributed to the discussion and
revised the manuscript, OH contributed to the discussion and revised the
manuscript, AEC researched the data, contributed to the discussion and
revised the manuscript. This research received no specific grant from any
funding agency in the public, commercial, or not-for-profit sectors.

Author details
1Universidad de los Andes Medical School, Bogotá, Colombia. 2Joslin
Diabetes Center, Clinical Research Center, Harvard Medical School, Boston,
MA 02115, USA.

Received: 6 February 2013 Accepted: 16 July 2013
Published: 19 July 2013

References
1. U.S. Census Bureau, Population Division, Hispanics in the United States:

Available at: http://www.census.gov/population/hispanic/. Accessed last
time on July 29, 2013.

2. National Institute of Diabetes, Digestive and Kidney Diseases: National
Diabetes Statistics, 2007. Retrieved on July 29, 2013 from: http://diabetes.
niddk.nih.gov/dm/pubs/statistics/.

3. Kaur J, Singh P, Sowers JR: Diabetes and cardiovascular diseases. Am J
Ther 2002, 9:510–515.

4. National Vital Statistics System: Deaths, Percent of Total Deaths, and Death
Rates for the 15 Leading Causes of Death in 5-year Age Groups, by Hispanic
Origin, Race for Non-Hispanic Population and Sex: United States,1999-2006.
Available at: http://www.cdc.gov/nchs/nvss/mortality/lcwk4.htm. Accessed
last time on July 29, 2013.

5. Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Shahar E, Ouyang P, Jackson
S, Saad MF: Ethnic differences in coronary calcification: the Multi-Ethnic
Study of Atherosclerosis (MESA). Circulation 2005, 111:1313–1320.

6. Oza-Frank R, Narayan KM: Overweight and diabetes prevalence among US
immigrants. Am J Public Health 2010, 100:661–668.

7. Hairston KG, Scherzinger A, Foy C, Hanley AJ, McCorkle O, Haffner S, Norris JM,
Bryer-Ash M, Wagenknecht LE: Five-year change in visceral adipose tissue
quantity in a minority cohort: the Insulin Resistance Atherosclerosis Study
(IRAS) family study. Diabetes Care 2009, 32:1553–1555.

8. Libby P, Ridker PM, Hansson GK, Leducq Transatlantic Network on
Atherothrombosis: Inflammation in atherosclerosis: from pathophysiology
to practice. J Am Coll Cardiol 2009, 54:2129–2138.

http://www.census.gov/population/hispanic/
http://diabetes.niddk.nih.gov/dm/pubs/statistics/
http://diabetes.niddk.nih.gov/dm/pubs/statistics/
http://www.cdc.gov/nchs/nvss/mortality/lcwk4.htm


Mendivil et al. Diabetology & Metabolic Syndrome 2013, 5:37 Page 8 of 8
http://www.dmsjournal.com/content/5/1/37
9. Martín-Ventura JL, Blanco-Colio LM, Tuñón J, Muñoz-García B,
Madrigal-Matute J, Moreno JA, de Céniga M V, Egido J: Biomarkers in
cardiovascular medicine. Rev Esp Cardiol 2009, 62:677–688.

10. Hu FB, Meigs JB, Li TY, Rifai N, Manson JE: Inflammatory markers and risk
of developing type 2 diabetes in women. Diabetes 2004, 53:693–700.

11. Meigs JB, Hu FB, Rifai N, Manson JE: Biomarkers of endothelial dysfunction
and risk of type 2 diabetes mellitus. JAMA 2004, 291:1978–1986.

12. Caballero AE: Metabolic and vascular abnormalities in subjects at risk for
type 2 diabetes: the early start of a dangerous situation. Arch Med Res
2005, 36:241–249.

13. Caballero AE: Endothelial dysfunction, inflammation, and insulin
resistance: A Focus on Subjects at risk for type 2 diabetes. Curr Diabetes
Rep 2004, 4:237–246.

14. Brinkworth GD, Noakes M, Keogh JB, Luscombe ND, Wittert GA, Clifton PM:
Long-term effects of a high-protein, low-carbohydrate diet on weight
control and cardiovascular risk markers in obese hyperinsulinemic
subjects. Int J Obes Relat Metab Disord 2004, 28:661–670.

15. Caballero AE, Arora S, Saouaf R, Lim SC, Smakowski P, Park JY, King GL,
LoGerfo FW, Horton ES, Veves A: Microvascular and macrovascular
reactivity is reduced in subjects at risk for type 2 diabetes. Diabetes 1999,
48:1856–1862.

16. Caballero AE, Bousquet-Santos K, Robles-Osorio L, Montagnani V, Soodini G,
Porramatikul S, Hamdy O, Nobrega AC, Horton ES: Overweight Latino
children and adolescents have marked endothelial dysfunction and
subclinical vascular inflammation in association with excess body fat
and insulin resistance. Diabetes Care 2008, 31:576–582.

17. Roberts WC: The Friedewald-Levy-Fredrickson formula for calculating
low-density lipoprotein cholesterol, the basis for lipid-lowering therapy.
Am J Cardiol 1988, 62:345–346.

18. Matthews JN, Altman DG, Campbell MJ, Royston P: Analysis of serial
measurements in medical research. BMJ 1990, 300:230–235.

19. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC:
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985, 28:412–419.

20. Constans J, Conri C: Circulating markers of endothelial function in
cardiovascular disease. Clin Chim Acta 2006, 368:33–47.

21. Wu KK, Aleksic N, Ballantyne CM, Ahn C, Juneja H, Boerwinkle E: Interaction
between soluble thrombomodulin and intercellular adhesion molecule-1 in
predicting risk of coronary heart disease. Circulation 2003, 107:1729–1732.

22. Ridker PM, Hennekens CH, Roitman-Johnson B, Stampfer MJ, Allen J: Plasma
concentration of soluble intercellular adhesion molecule 1 and risks of
future myocardial infarction in apparently healthy men. Lancet 1998,
351:88–92.

23. Hulthe J, Wikstrand J, Mattsson-Hulten L, Fagerberg B: Circulating ICAM-1
(intercellular cell-adhesion molecule 1) is associated with early stages of
atherosclerosis development and with inflammatory cytokines in healthy
58-year-old men: the Atherosclerosis and Insulin Resistance (AIR) study.
Clin Sci (Lond) 2002, 103:123–129.

24. Pradhan AD, Rifai N, Ridker PM: Soluble intercellular adhesion molecule-1,
soluble vascular adhesion molecule-1, and the development of
symptomatic peripheral arterial disease in men. Circulation 2002,
106:820–825.

25. Ha H, Oh EY, Lee HB: The role of plasminogen activator inhibitor 1 in
renal and cardiovascular diseases. Nat Rev Nephrol 2009, 5:203–211.

26. De Pergola G, De Mitrio V, Giorgino F, Sciaraffia M, Minenna A, Di Bari L,
Pannacciulli N, Giorgino R: Increase in both pro-thrombotic and
anti-thrombotic factors in obese premenopausal women: relationship
with body fat distribution. Int J Obes Relat Metab Disord 1997, 21:527–535.

27. Barbato A, Iacone R, Tarantino G, Russo O, Sorrentino P, Avallone S, Galletti F,
Farinaro E, Della Valle E, Strazzullo P, Olivetti Heart Study Research Group:
Relationships of PAI-1 levels to central obesity and liver steatosis in a sample
of adult male population in southern Italy. Intern Emerg Med 2009, 4:315–323.

28. Peverill RE, Teede HJ, Malan E, Kotsopoulos D, Smolich JJ, McGrath BP:
Relationship of waist and hip circumference with coagulation and
fibrinolysis in postmenopausal women. Clin Sci (Lond) 2007, 113:383–391.

29. Caballero AE: Endothelial dysfunction in obesity and insulin resistance: a
road to diabetes and heart disease. Obes Res 2003, 11:1278–1289.

30. Hu G, Jousilahti P, Tuomilehto J, Antikainen R, Sundvall J, Salomaa V:
Association of serum C-reactive protein level with sex-specific type 2
diabetes risk: a prospective finnish study. J Clin Endocrinol Metab 2009,
94:2099–2105.

31. The Emerging Risk Factors Collaboration: C-reactive protein concentration
and risk of coronary heart disease, stroke, and mortality: an individual
participant meta-analysis. Lancet 2010, 375:132–140.

32. Abeywardena MY, Leifert WR, Warnes KE, Varghese JN, Head RJ: Cardiovascular
biology of interleukin-6. Curr Pharm Des 2009, 15:1809–1821.

33. Ruan H, Lodish HF: Insulin resistance in adipose tissue: direct and indirect
effects of tumor necrosis factor-alpha. Cytokine Growth Factor Rev 2003,
14:447–455.

34. International Expert Committee: International Expert Committee report on
the role of the A1C assay in the diagnosis of diabetes. Diabetes Care
2009, 32:1327–1334.

35. American Association of Clinical Endocrinologists Board of Directors;
American College of Endocrinologists Board of Trustees: American
Association of Clinical Endocrinologists/American College of
Endocrinology statement on the use of hemoglobin A1c for the
diagnosis of diabetes. Endocr Pract 2010, 16:155–156.

doi:10.1186/1758-5996-5-37
Cite this article as: Mendivil et al.: Young Hispanics at risk of type 2
diabetes display endothelial activation, subclinical inflammation and
alterations of coagulation and fibrinolysis. Diabetology & Metabolic
Syndrome 2013 5:37.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Research design and methods
	Statistical analysis

	Results
	Measures of glucose homeostasis and insulin sensitivity
	Markers of endothelial function and subclinical inflammation
	Relationship between fat distribution and biomarkers
	Correlations between glucose homeostasis indexes and biomarkers

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

