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OBJECTIVEdTo investigate the associations of markers of insulin resistance with cardiovas-
cular disease risk factors and inflammation in young, normal-weight, Hispanic women.

RESEARCHDESIGNANDMETHODSdSeventy-one normal-weight (BMI,25 kg/m2)
Hispanic women (age, 20–39 years) participated in a fasting blood draw for glucose, insulin,
lipids, and inflammatory markers; a glucose tolerance test; anthropometric and blood pressure
measurements; body composition by dual-energy x-ray absorptiometry; and measurements of
cardiorespiratory fitness via VO2max and daily physical activity by accelerometer.

RESULTSdSix percent of participants had impaired fasting glucose, 14% had impaired glucose
tolerance, and 48%had at least one cardiovascular disease risk factor.Homeostasismodel assessment
of insulin resistance (HOMA-IR) and fasting insulin were positively correlated with glucose, triglyc-
erides, systolic blood pressure, and diastolic blood pressure, and were negatively correlated with
adiponectin (P , 0.05). The 2-h insulin was positively correlated with diastolic blood pressure,
triglycerides, and high-sensitivity C-reactive protein. HOMA-IR and fasting insulin remained signif-
icantly and positively related to glucose, triglycerides, and blood pressure after adjustment for body
composition. The relationships between markers of insulin resistance and adiponectin and high-
sensitivity C-reactive protein were attenuated after adjustment for body composition.

CONCLUSIONSdSurrogate markers of insulin resistance were associated with cardiovas-
cular disease risk factors and inflammation in young, normal-weight, Hispanic women. Our
findings suggest that HOMA-IR, fasting, and 2-h insulin may be important clinical markers for
identifying young, normal-weight, Hispanic women who may be at risk for development of type
2 diabetes and cardiovascular disease. Our findings show the importance of early screening for
prevention of type 2 diabetes and cardiovascular disease in this population.
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The association between insulin resis-
tance and risk of cardiovascular dis-
ease has been studied in multiethnic

samples in large prospective studies, yet an
equivocal relationship has not been estab-
lished (1,2). Several prospective studies
have demonstrated significant associations
between insulin resistance and subsequent
risk of cardiovascular disease outcomes in
Hispanic (3), African American, and Cau-
casian (4) adults, whereas other studies
have failed to consistently demonstrate a

significant relationship between insulin re-
sistance and the development of cardiovas-
cular disease (2). Inconsistencies in the
literature may be explained by differences
in the ethnic group studied, because ethnic
backgroundmaymoderate the relationship
between insulin resistance and cardiovas-
cular disease outcomes (1).

In cross-sectional studies, significant
relationships have been shown between
insulin resistance and individual cardiovas-
cular disease risk factors and markers of

inflammation in multiethnic samples. For
example, insulin resistance was related to
dyslipidemia in Asian Indians (5) and Jap-
anese adults (6), to blood pressure in Asian
Indians (5) andChinese adults (7), tomark-
ers of inflammation in Caucasian (8), His-
panic, and African American adults (3,9),
and to central obesity inCaucasian (10) and
Japanese (6) adults. However, the majority
of these studies includedmiddle-aged, over-
weight, and obese subjects, with very few
studies including young women, normal-
weight women, or Hispanic women.

Hispanic women have a lower insulin
sensitivity (11) and higher prevalence of
metabolic syndrome (12), type 2 diabetes
(13), and cardiovascular disease risk factors
(14,15) compared with non-Hispanic
white women. Large population-based
studies indicate that the presence of a single
cardiovascular disease risk factor during
young adulthood to middle age is associ-
ated with an increased lifetime risk for car-
diovascular disease and lower survival rate
(16,17). Thus, understanding the relation-
ships between insulin resistance and indi-
vidual risk factors in young Hispanic
women is of growing importance for devel-
oping early prevention efforts. Moreover,
disease in young, normal-weight, Hispanic
women may go undetected and un-
diagnosed for years because of their normal
BMI and young age. Therefore, our study
investigated whether markers of insulin re-
sistance were related to individual cardio-
vascular disease risk factors and markers of
inflammation in young, normal-weight,
Hispanic women.We hypothesized that al-
though the women were normal-weight,
markers of insulin resistance would be sig-
nificantly related to cardiovascular risk fac-
tors and inflammation, independent of
body composition, in this sample.

RESEARCH DESIGN AND
METHODS

Participants
Seventy-one young, normal-weight women
of Mexican descent, aged 20–39 years,
participated in the study. Participants
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were recruited from the University of
Texas at El Paso community and sur-
rounding communities of the United
States and Mexico border through posted
flyers, word of mouth, and university
newspaper advertisements. Ethnicity was
assessed by self-report and a woman was
considered Hispanic if she identified both
parents and at least 3 grandparents as His-
panic; all women were of Mexican origin.
Participants were tested during the follic-
ular phase of their menstrual cycle as de-
termined by self-report (within 10 days of
the start of menstruation). Participants
were excluded if they had any of the fol-
lowing characteristics: currently using
antihypertensive medication or lipid-
lowering medications; major systemic dis-
ease (e.g., cancer); current pregnancy;
diabetes mellitus; cardiovascular disease,
including chest pain, myocardial infarc-
tion, valvular diseases, ventricular arrhyth-
mias, and heart failure; family history of
premature heart disease (e.g., first-degree
relative had a fatal or nonfatal heart attack
or coronary revascularization before 55
years of age); endocrine disease (e.g., thy-
roid disease); irregular menstrual cycles;
exercise-induced asthma; engaged in
smoking within the last 6 months; or un-
able to perform exercise testing. The study
was approved by the University of Texas at
El Paso Institutional Review Board.

Sequence of tests
After reading and signing the consent
form, each participant was invited to the
laboratory on two occasions for a series of
testing. For the first visit, participants
were instructed to report to the laboratory
after a 12-h fast and to abstain from
exercise for 48 h. During this visit, testing
included anthropometric and blood pres-
sure measurements and a 2-h oral glucose
tolerance test. At the end of the visit, the
participant was instructed on the acceler-
ometer protocol. The second visit was
scheduled after the participant wore the
accelerometer for 7 days and included
body composition and cardiorespiratory
fitness testing (VO2 peak).

Height was recorded to the nearest
0.1 cm as the average of two measure-
ments using a wall-mounted stadiometer
(Seca 220). Body mass was obtained
using a calibrated digital scale to the
nearest 0.1 kg (Tanita TBF-310). BMI
was calculated as weight in kilograms
divided by height in meters squared.
Normal weight was defined as BMI 18.5
to 24.9 kg/m2 (18). After 5 min of seated
rest, two readings of blood pressure,

separated by 2 min, were averaged. If
the first two readings differed by .5
mmHg, then additional readings were ob-
tained and two readings within 5 mmHg
were averaged.

Risk factors and inflammatory
markers
Cardiovascular disease risk factors were
defined by the criteria set forth by the
National Cholesterol Education Program
Adult Treatment Panel III Guidelines (19)
for diagnosing metabolic syndrome, a
precursor to cardiovascular disease. Risk
factors included triglycerides $1.7
mmol/L, HDL cholesterol ,1.3 mmol/L,
systolic blood pressure$130 mmHg, di-
astolic blood pressure $85 mmHg, and
glucose $ 5.6 mmol/L (19,20). Impaired
fasting glucose was defined as a fasting
blood glucose value 5.6–6.9 mmol/L. Im-
paired glucose tolerance was defined as a
2-h postchallenge glucose value of 7.8–
11.0 mmol/L. Inflammatory markers
measured in the study included high-
sensitivity C-reactive protein (hs-CRP),
tumor necrosis factor a (TNF-a), inter-
leukin 6 (IL-6), and adiponectin. These
inflammatory markers were chosen be-
cause they have been causally linked to
insulin resistance, metabolic syndrome,
type 2 diabetes, and the complications
that emerge from these pathologies, in-
cluding cardiovascular disease (21,22),
and have been shown to improve predic-
tion of cardiovascular disease risk com-
pared with models based on lipid levels
alone (23).

Oral glucose tolerance testing
Before the oral glucose tolerance test, a
small polyethylene catheter was placed
into an anticubital vein and blood sam-
ples were collected at baseline (0 min),
30, 60, 90, and 120 min for the measure-
ment of serum glucose and insulin con-
centrations. All oral glucose tolerance
tests were performed during the morning
after 12 h of fasting. A baseline blood
sample was drawn for assaying glucose,
insulin, lipids (HDL cholesterol, trigly-
cerides), and inflammatory markers. Par-
ticipants were then administered an oral
standard load of 75 g glucose and asked to
consume the entire drink within 5 min.
Blood samples for each time point were
allowed to clot, then were centrifuged,
then serum was transferred to cryovials,
and the samples were frozen at2808C for
future analysis.

Frozen serum samples were sent to
the University of Alabama Center for

Clinical and Translational Sciences for
analysis. Glucose was measured by the
glucose oxidase method (Sirrus Clinical
Chemistry Analyzer; Stanbio Laboratory,
Boerne, TX). Insulin was measured using
an immunoenzymatic method (TOSOH
AIA-600 II analyzer; TOSOH Bioscience,
South San Francisco, CA). This assay
had a minimum sensitivity of 1.0 mU/mL,
interassay coefficient of variation (CV) of
4.42%, and intra-assay CV of 1.49%. HDL
cholesterol was measured using the color-
imetric method with a two-reagent system
(SirrusClinicalChemistryAnalyzer; Stanbio
Laboratory). The assay had a minimum
sensitivity of 0.13 mmol/L and an inter-
assay CV of 5.30%. Triglycerides were
assessed with the glycerylphosphate col-
orimetric method (Sirrus Clinical Chem-
istry Analyzer; Stanbio Laboratory) with
a minimum sensitivity of 0.06 mmol/L
and an interassay CV of 4.28%. Adiponec-
tin was measured by radioimmunoassay
(Millipore RIA kit, EMDMillipore, Billerica,
MA). TNF-a, IL-6, and hs-CRP were mea-
sured using electrochemiluminescence
detection (SECTOR Imager 2400 reader;
Meso Scale Diagnostics, Gaithersburg,
MD). TNF-a, IL-6, and hs-CRP assay
had minimum sensitivities of 0.275 pg/mL,
0.169 pg/mL, and 0.02 mg/L, respectively,
and intra-assay CVs of 1.15%, 11.1%, and
0.086%, respectively.

Four estimates of insulin resistance
were used in the study: fasting insulin;
2-h insulin; the homeostasismodel assess-
ment of insulin resistance (HOMA-IR);
and area under the curve (AUC) for in-
sulin. These estimates have been shown to
correlate well with the more direct mea-
sures of insulin sensitivity such as the
hyperinsulinemic euglycemic clamp
(24). HOMA-IR was calculated as fasting
insulin (mU/mL) multiplied by fasting
glucose (mmol/L), divided by 22.5;
AUC insulin was calculated using the tra-
pezium rule as previously described
(25).

Physical activity measurement
The Actigraph GT1M accelerometer (Ac-
tigraph, Pensacola, FL) was used to cap-
ture physical activity over a period of 7
days. During the first visit, participants
were instructed on proper placement and
use of the accelerometer. Participants
were instructed to wear the accelerometer
on the right hip during all waking hours
for 7 days and to maintain usual activity
habits during this time period. The accel-
erometer was initialized for 7 days of data
collection before the participant left the
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laboratory. Epoch duration (sampling
period) was set at 1 min and output was
expressed as activity counts per minute
and steps per minute. Data recorded
over a 7-day period were automatically
stored in the accelerometer and down-
loaded to a computer when the partici-
pant returned to the laboratory. An
overall average of daily activity counts
and steps from the accelerometer were
obtained for days with at least 12 h of
monitor wear or 75% coverage for a 16-h
waking day (26). Average wear time for
the accelerometer was 15.6 h.

Body composition
The percentage of body fat, fat mass, and
fat-free mass was measured by dual-
energy x-ray absorptiometry (Lunar DPX-
NT; GE Lunar, Madison,WI). Participants
were asked to remove jewelry, metal
objects, and shoes before the scan. The
same technician positioned the partici-
pants and performed the whole-body
scans. Quality assurance tests were per-
formed every morning before scanning.

Cardiorespiratory fitness
measurements (VO2 peak)
VO2 peak was determined using a contin-
uous exercise test on a treadmill (Track
Master 3425C; Full Vision, Newton,
KS). After measuring resting expired
gases for 2 min, a 2-min warm-up was
performed at 94.0 m/min. The treadmill
speed was then increased to a comfortable
jogging pace as determined by the partic-
ipant for 2 min (147.5–174.0 m/min).
The treadmill grade was then increased
by 1% each minute thereafter until voli-
tional fatigue. During the exercise test,
VO2, VCO2, ventilation, heart rate, and re-
spiratory rate were measured using
a computerized metabolic system
(TrueOne 2400; Parvo Medics, Salt Lake
City, UT). Heart rate was continuously
recorded using a heart rate monitor and
receiver integrated with the metabolic
cart (Polar Electro, Lake Success, NY).
For all VO2 analyses, data were smoothed
with a 15-breathmoving average (27).VO2
peak was recorded as the highest VO2 ob-
tained during the last minute of exercise.

Sample size estimates and statistical
analyses
A priori sample size estimates were gen-
erated based on data from our laboratory
(28). We used the SD for the independent
(0.8) and dependent variables (50.6) and
the slope of the regression (21.9) to cal-
culate sample size using GPower 3.1.

Assuming a power of 0.80 and a of
0.05, a sample size of 63 subjects was re-
quired to detect a significant relationship
between HOMA-IR and triglyceride lev-
els. Additionally, using multiple regres-
sion sample size calculations and
estimating a small effect size (0.10), 64
subjects would result in a power of 0.80
and a of 0.05.

Data were analyzed for normality and
homogeneity of variance. Variables that
were not normally distributed were log-
transformed (triglycerides, systolic blood
pressure, hs-CRP, HOMA-IR, fasting in-
sulin, and AUC insulin). Pearson prod-
uct-moment correlation analysis was
used to establish associations between
insulin resistance and individual cardio-
vascular disease risk factors and inflam-
matory markers. Multivariate linear
regression analyses using the enter
method (all independent variables en-
tered at the same time) were used to
establish the independent contributions
of markers of insulin resistance on the
following dependent variables: glucose;
triglycerides; HDL cholesterol; blood
pressure; hs-CRP; adiponectin; TNF-a;
and IL-6. Several regression models
were tested and included fat mass and
fat-free mass or BMI as covariates to de-
termine if markers of insulin resistance
were independently related to individual
risk factors when controlling for body
composition. All models included inter-
action terms (e.g., HOMA-IR 3 fat mass)
as covariates. Regression diagnostics were
performed and indicated there were no
problems with multicolliniarity among
independent variables (e.g., tolerance,
condition index, and variance inflation
factor). All analyses were performed using
SPSS version 20.0 (SPSS, Chicago, IL).
P , 0.05 was accepted as the minimal
level of significance.

RESULTS

Physical and metabolic
characteristics of participants
Participant characteristics are presented
in Table 1. Forty-five (63%) participants
had a positive family history of type 2 di-
abetes, 4 (6%) had impaired fasting glu-
cose, 10 (14%) had impaired glucose
tolerance, 34 (48%) had at least 1 cardio-
vascular disease risk factor, and only 37
(52%) were without risk factors. Thirty-
one participants (43%) had one risk fac-
tor, two participants (3%) had two risk
factors, and one participant (1.4%) had
three or more risk factors. The most

common risk factor was low HDL choles-
terol, with 22 women (31%) exhibiting
this risk factor. Although all participants
were classified as normal-weight based on
BMI, average percentage body fat was
32%, with a range of 21–45%. The aver-
age HOMA-IR value was 1.3, with a range
of 0.4 to 3.2.

Simple correlations between
measures of insulin sensitivity,
cardiovascular disease risk factors,
and inflammatory markers
Simple correlations are presented in Table
2. Log HOMA-IR and log fasting insulin
were positively correlated with fasting
glucose, log triglycerides, log systolic
blood pressure, and log diastolic blood
pressure, and were negatively correlated
with adiponectin (P, 0.05). Log HOMA-
IR and log fasting insulin were not corre-
lated with HDL cholesterol, log hs-CRP,
TNF-a, or IL-6 (P . 0.05). The 2-h in-
sulin was positively correlated with dia-
stolic blood pressure, log triglycerides,
and log hs-CRP, but not with HDL cho-
lesterol, log systolic blood pressure, adi-
ponectin, TNF-a, or IL-6 (P . 0.05).
AUC insulin was not correlated with any
of the dependent variables.

Multivariate linear regression
analysis to assess the independent
contribution of markers of insulin
resistance on cardiovascular disease
risk factors and inflammatory
markers
Addition of the different body composi-
tion covariates in each model produced
similar results. Results frommodels using
fat mass and fat-free mass as covariates are
presented because these variables con-
tributed more to explained variance (r2)
in the regression models compared
with BMI. Interaction terms were not
significant and were not included in the
final models. Results from the multivari-
ate regression analysis indicated that
HOMA-IR and fasting insulin remained
significantly and positively related to log
triglycerides (P , 0.01), log systolic
blood pressure (P, 0.05), diastolic blood
pressure (P , 0.05), and fasting glucose
(P , 0.05) (Table 3) after adjustment for
fat mass and fat-free mass. After adjusting
for fat mass and fat-free mass, HOMA-IR
and fasting insulin were no longer signif-
icantly related to adiponectin (P . 0.05)
(Table 3), and 2-h insulin was no longer
significantly related to log triglycerides,
diastolic blood pressure, or log hs-CRP
(P . 0.05).
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CONCLUSIONSdThe primary pur-
pose of the study was to identify whether
markers of insulin resistance were inde-
pendently associated with individual car-
diovascular disease risk factors and
markers of inflammation in young, nor-
mal-weight, Hispanic women. Our results
demonstrate that in young, normal-

weight, Hispanic women, markers of in-
sulin resistance (HOMA-IR and fasting
insulin) were significantly and positively
related to individual cardiovascular
disease risk factors, including fasting
glucose, triglycerides, systolic blood pres-
sure, and diastolic blood pressure, inde-
pendent of body composition.Ourfindings

also indicate that markers of insulin re-
sistance were associated with adiponectin
and hs-CRP, but these relationships were
attenuated when body composition was
entered into the models. Forty-eight per-
cent of normal-weight women in the
current study had at least one cardiovas-
cular disease risk factor and 14% had
impaired glucose tolerance. Our findings
suggest that HOMA-IR, fasting, and 2-h
insulin may be important clinical markers
for identifying young, normal-weight,
Hispanic women who may be at risk for
development of type 2 diabetes and car-
diovascular disease, and show the impor-
tance of early screening for the prevention
of metabolic disease in this population.
The current study extends the current
body of evidence in a number of ways,
including the assessment of these relation-
ships in a relatively large sample of young,
normal-weight, Hispanic women living
along the Texas–Mexico border, with ac-
curate measures of body fat by dual-energy
x-ray absorptiometry and multiple mea-
sures of insulin sensitivity.

Recent studies with ethnically diverse
samples (Chinese, Japanese, Asian Indi-
ans, and Caucasians) have shown that
insulin resistance is significantly related
to individual risk factors of cardiovascular
disease. Katsuki et al. (6) reported that in-
sulin resistance, measured by a euglycemic
hyperinsulinemic clamp, was significantly
related to triglycerides in normal-weight
Japanese men and women. Sandeep et al.
(5) studied Asian Indians and reported
HOMA-IR was significantly related to
blood pressure, total cholesterol, triglycer-
ides, and HDL cholesterol, independent
of BMI. Similarly, Lin et al. (7) studied
Chinese women and reported insulin re-
sistance was associated with individual
features of the metabolic syndrome, inde-
pendent of BMI. In one of few studies in
Hispanic women, Hanley et al. (3) dem-
onstrated HOMA-IR was related to fasting
glucose, HDL cholesterol, total choles-
terol, triglycerides, and blood pressure in
overweight women aged 25–64 years
(mean BMI, 28.6 kg/m2). Our study ex-
tends these findings by demonstrating
these associations in young, normal-
weight, Hispanic women and by including
markers of inflammation as risk factors.
Little is known regarding the relationship
between insulin resistance and individual
cardiovascular disease risk factors, spe-
cifically markers of inflammation, in
Hispanic women. This question is of
emerging importance because the preva-
lence of type 2 diabetes and metabolic

Table 1dPhysical and metabolic characteristics of the participants (n = 71)

Variable Mean 6 SD
Median

(interquartile range)

Demographics
Age, years 25.3 6 4.8 24.0 (22.0–28.0)
Body mass, kg 57.4 6 5.3 57.8 (53.1–61.1)
Body mass index, kg/m2 22.2 6 1.6 22.2 (21.0–23.2)
Fat, % 32.0 6 5.9 31.4 (27.5–36.3)
Fat, kg 18.5 6 4.4 18.2 (15.0–21.6)
Fat-free mass, kg 38.9 6 3.9 38.8 (35.8–41.0)
Physical activity (steps/day) 6,754.0 6 2,191.0 6,457.0 (5,099.0–7,889.0)
Peak oxygen consumption (L/min) 2.2 6 0.4 2.1 (1.9–2.5)

Markers of insulin resistance
Fasting insulin, mU/mL 5.7 6 2.4 5.0 (3.9–6.9)
2-h insulin, mU/mL 51.2 6 25.8 46.7 (33.9–66.6)
AUC insulin, mU/mL21z120 min21 122.7 6 57.6 110.4 (87.1–142.6)
HOMA-IR 1.3 6 0.6 1.1 (0.9–1.6)
2-h glucose, mmol/L 6.4 6 1.4 6.2 (5.5–7.1)
AUC glucose, mmolzL21z120 min21 13.9 6 2.2 13.8 (12.0–15.4)

Cardiovascular disease risk factors
Waist circumference, cm 76.6 6 6.0 75.8 (72.1–80.8)
Fasting glucose, mmol/L 5.0 6 0.4 4.9 (4.8–5.2)
HDL cholesterol, mmol/L 1.5 6 0.3 1.4 (1.2–1.7)
Triglycerides, mmol/L 0.8 6 0.4 0.8 (0.6–1.1)
Systolic blood pressure, mmHg 105.0 6 8.0 104.0 (100.0–112.0)
Diastolic blood pressure, mmHg 69.0 6 6.0 68.0 (65.0–72.0)

Inflammatory markers
CRP, mg/L 0.9 6 1.1 0.6 (0.3–1.1)
Adiponectin, mg/mL 11.7 6 4.5 10.7 (8.4–14.3)
Tumor necrosis factor a, pg/mL 4.6 6 1.4 4.2 (3.6–5.1)
Interleukin 6, pg/mL 0.9 6 0.8 0.6 (0.5–1.0)

Table 2dCorrelations between markers of insulin resistance and individual cardiovascular
disease risk factors and inflammatory cytokines

HOMA-IR* Fasting insulin* 2-h insulin AUC insulin*

Fasting glucose 0.47x 0.33‡ 0.11 0.10
Triglycerides* 0.49x 0.48x 0.34‡ 0.23
HDL cholesterol 20.19 20.19 20.18 20.03
Systolic blood pressure* 0.30† 0.28† 0.18 0.08
Diastolic blood pressure 0.35‡ 0.33‡ 0.26† 0.20
Waist circumference* 20.08 20.09 20.11 0.22
High sensitivity
C-reactive protein* 0.21 0.19 0.29† 0.19

Adiponectin 20.26† 20.24† 20.21 20.19
Tumor necrosis factor a* 0.01 0.01 20.03 20.01
Interleukin 6* 0.13 0.15 20.13 20.10

*Log-transformed. †P , 0.05. ‡P , 0.01. xP , 0.001.
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syndrome affect Hispanics disproportion-
ately than other ethnicities (12,13,29). For
instance, in the United States, the risk of
diagnosed diabetes and metabolic syn-
drome is 87% (29) and 13% (12) higher,
respectively, in Mexican Americans than
in non-Hispanic whites.

The majority of studies that dem-
onstrated a significant independent re-
lationship between markers of insulin
resistance and individual cardiovascular
disease risk factors used BMI, a simple
measure of obesity, as a covariate (4,5–7).
Very few data are available that confirm
these relationships after taking into ac-
count more valid and reliable measures
of obesity. The results of the current
study, in which a strong association be-
tween insulin resistance and risk factors
was documented in young, normal-
weight, Hispanic women after adjustment
of body composition, represent an impor-
tant extension of this literature.

A unique finding in the study was that
HOMA-IR and fasting insulin were re-
lated to adiponectin; however, this re-
lationship was attenuated when body
composition was added into the regres-
sion model. These findings suggest that
body composition contributes to the re-
lationships between markers of insulin
resistance and adiponectin. Adiponectin,
an anti-inflammatory cytokine produced
by adipose tissue, is an important regula-
tor of insulin sensitivity in skeletal muscle
and liver (30,31). In addition to its bene-
ficial effects on insulin sensitivity, adipo-
nectin also has direct antiatherogenic and
anti-inflammatory effects (31). To our
knowledge, only two other studies to
date have demonstrated similar relation-
ships in Hispanic women (3,32). Data
from the Insulin Resistance Atherosclero-
sis Study (IRAS) (32) showed a significant
relationship between insulin resistance
and adiponectin in a cohort of multieth-
nic men and women. Mohan et al. (33)
reported a similar relationship between
adiponectin and insulin resistance in
Asian Indian men and women. Our study
extends these findings to young and nor-
mal-weight Hispanic women.

A significant relationship between
2-h insulin and hs-CRP was observed in
normal-weight, young, Hispanic women;
however, this relationship was not inde-
pendent of body composition. Similarly,
Marquez-Videl et al. (8) reported BMIme-
diated the relationship between insulin
resistance (HOMA-IR and fasting insulin)
and hs-CRP in middle-aged and older
Caucasian men and women of Swiss

Table 3dMultiple linear regression analyses to examine the contribution of measures of
insulin resistance on cardiovascular disease risk factors and inflammatory markers after
adjustment for total body fat and fat-free mass

Dependent variable Independent variables B 6 SE of the estimate P

R2 = 0.250
Triglycerides* HOMA-IR 0.103 6 0.039 0.010

Fat mass 0.006 6 0.005 0.176
Fat-free mass 20.010 6 0.006 0.064

R2 = 0.104
Systolic blood pressure* HOMA-IR 0.020 6 0.008 0.016

Fat mass ,0.001 6 0.001 0.794
Fat-free mass ,20.001 6 0.001 0.974

R2 = 0.146
Diastolic blood pressure HOMA-IR 3.285 6 1.426 0.024

Fat mass 0.163 6 0.169 0.338
Fat-free mass 20.166 6 0.203 0.416

R2 = 0.223
Fasting glucose HOMA-IR 4.610 6 1.320 0.001

Fat mass 0.290 6 0.160 0.068
Fat-free mass 0.180 6 0.190 0.330

R2 = 0.073
Adiponectin HOMA-IR 22.016 6 1.064 0.062

Fat mass 20.113 6 0.126 0.372
Fat-free mass 20.106 6 0.151 0.484

R2 = 0.250
Triglycerides* Fasting insulin 0.025 6 0.009 0.010

Fat mass 0.007 6 0.005 0.140
Fat-free mass 20.010 6 0.006 0.081

R2 = 0.094
Systolic blood pressure* Fasting insulin 0.004 6 0.002 0.025

Fat mass ,0.001 6 0.001 0.697
Fat-free mass ,0.001 6 0.001 0.959

R2 = 0.130
Diastolic blood pressure Fasting insulin 0.707 6 0.342 0.043

Fat mass 0.185 6 0.169 0.278
Fat-free mass 20.168 6 0.207 0.419

R2 = 0.133
Fasting glucose Fasting insulin 0.680 6 0.160 0.040

Fat mass 0.340 6 0.160 0.045
Fat-free mass 0.110 6 0.200 0.586

R2 = 0.068
Adiponectin Fasting insulin 20.455 6 0.254 0.078

Fat mass 20.126 6 0.126 0.322
Fat-free mass 20.110 6 0.153 0.467

R2 = 0.197
Triglycerides* 2-h insulin 0.001 6 0.001 0.130

Fat mass 0.008 6 0.005 0.099
Fat-free mass 20.011 6 0.006 0.074

R2 = 0.101
Diastolic blood pressure 2-h insulin 0.044 6 0.033 0.188

Fat mass 0.214 6 0.172 0.218
Fat-free mass 20.189 6 0.222 0.398

R2 = 0.112
CRP* 2-h insulin 0.006 6 0.005 0.301

Fat mass 0.036 6 0.029 0.213
Fat-free mass 20.049 6 0.037 0.192

B indicates unstandardized parameter estimate. *Log-transformed.
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descent. Data from the IRAS multiethnic
cohort of men and women (34) also
showed a strong relationship between
hs-CRP and insulin resistance; however,
these authors reported the relationship
was independent of BMI. CRP indepen-
dently predicts cardiovascular events in
both men and women (23,35), and levels
of CRP are elevated in adults with chronic
or subclinical inflammation (35). Our
findings suggest that body composition
may play a role in the relationship be-
tween insulin resistance and markers of
inflammation, such as adiponectin and
hs-CRP in normal-weight Hispanic
women; however, more research is
needed to confirm this finding.

In normal weight individuals, the
nature of the relationships among insulin
resistance, risk factors, and inflammation,
and the mechanisms involved, are still
unknown. We hypothesize that high lev-
els of total body fat contributed to the
significant relationship between insulin
resistance and risk. Obesity is a well-
recognized risk factor for the develop-
ment of insulin resistance, metabolic
syndrome, and type 2 diabetes (36), and
is associated with a state of chronic sub-
clinical inflammation (22). In the current
study, body fat percentage ranged from
21% to 45%, with 40 women (56%)
having a body fat percentage $30%. Sur-
prisingly, only three women had a waist
circumference $88 cm, which is the risk
factor cut-point for metabolic syndrome
(19). Normal-weight individuals who
have their fat distributed primarily cen-
trally are thought to be more insulin-
resistant than normal-weight individuals
with a peripheral distribution of body fat
(37). Our findings suggest that total body
fat, not central body fat, may be an impor-
tant contributing factor to the relationship
between insulin resistance and risk in nor-
mal-weight Hispanic women. However,
we can only speculate to the mechanisms
involved because a cause-and-effect rela-
tionship cannot be established from this
cross-sectional study.

In 1981, Ruderman et al. (38) intro-
duced the phenotype of metabolically
obese normal-weight individuals. This
phenotype has been defined by insulin re-
sistance (10), central obesity (6), and met-
abolic syndrome (14), and is characterized
by a clustering of cardiovascular disease
risk factors despite a normal body weight.
However, because these individuals are
normal-weight, they are not aware that
they are at risk. This phenotype has been
identified and studied in various ethnicities;

however, only one study to date included
Hispanic women (14). Although the cur-
rent study was not designed to identify
this phenotype, our data suggest that this
phenotype may be present in young His-
panic women and that early screening and
intervention may be needed.

We did not find significant relation-
ships betweenmarkers of insulin sensitivity
and TNF-a or IL-6. These findings are in
contrast to those reported by others who
found significant relationships between in-
sulin sensitivity and TNF-a (9) and IL-6
(8). The reasons for the differences in find-
ings are unknown but may be attributable
to differences in the ethnicities and age
groups studied and the markers of insulin
resistance used. Marquez-Vidal et al. (8)
studied middle-aged to older Caucasian
adults, and Olson et al. (9) used the fre-
quently sampled intravenous glucose toler-
ance test inmiddle-aged (age, 40–69 years)
African American, Hispanic, and non-
Hispanic white men and women.

This study has several strengths, in-
cluding accurate and reliable measures of
body composition by dual-energy x-ray
absorptiometry and a relatively large sam-
ple of normal-weight women. However,
the generalizability of these results is
limited because of the fact that the par-
ticipants were a convenience sample of
volunteers, and it is possible that women
whowere at higher risk for type 2 diabetes
or cardiovascular disease volunteered to
participate. In addition, participants were
of Mexican origin living along the Texas–
Mexico border. Therefore, it is difficult to
generalize to Hispanic women living in
nonborder regions of the United States.

In summary, surrogate markers of
insulin resistance were associated with
individual cardiovascular disease risk fac-
tors and inflammatory cytokines in nor-
mal-weight Hispanic women. Our
findings suggest that HOMA-IR, fasting,
and 2-h insulin may be important clinical
markers for identifying young, normal-
weight, Hispanic women who may be at
risk for development of type 2 diabetes
and cardiovascular disease. Our findings
show the importance of early screening
for prevention of type 2 diabetes and
cardiovascular disease in this population.
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