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Abstract

Background: The question of whether the metabolic syndrome truly reflects a single disease entity with a
common underlying pathology remains unclear. In this study, we assess whether metabolic syndrome repre-
sents an underlying disease construct in a large population-based sample of Andean Hispanic adults and
examine its relationship to subclinical atherosclerosis.
Methods: The study sample was comprised of 2513 participants. Confirmatory factor analysis (CFA) was used to
identify a metabolic syndrome latent factor using waist circumference, systolic and diastolic blood pressure,
high-density lipoprotein cholesterol (HDL-C), triglycerides (TGs), and glucose levels as indicators. The rela-
tionship with subclinical atherosclerosis, measured by carotid intima media thickness (cIMT), was assessed
using structural equation modeling.
Results: Results supported the proposed structure of the metabolic syndrome latent factor evidenced by ade-
quate fit indexes. HDL-C did not significantly load on the metabolic syndrome latent factor (standardized factor
loading = 0.01, P = 0.88). The metabolic syndrome latent factor was significantly associated with cIMT in women
(B = 0.007, P < 0.001) and men (B = 0.008, P < 0.001) after controlling for age, low-density lipoprotein cholesterol
and smoking.
Conclusions: Our findings suggest that metabolic syndrome components, such as waist circumference, blood
pressure, TGs, and glucose levels, but not HDL-C, share a common underlying pathophysiology that may
contribute to the progression of atherosclerosis in Andean Hispanics. Its longitudinal association with cardio-
vascular disease should be the focus of future research.

Introduction

The metabolic syndrome, a cluster of anthropometric,
hemodynamic, and metabolic disturbances, is associated

with increased risk of cardiovascular disease (CVD)1 and
type 2 diabetes mellitus (T2DM).2 A recently published joint
interim statement issued by several organizations has es-
tablished an updated metabolic syndrome definition, recog-
nizing central adiposity, abnormal glucose regulation,
elevated triglycerides (TGs), lowered high-density lipopro-
tein cholesterol (HDL-C), and elevated blood pressure as
components.3 The debate surrounding the definition of the
metabolic syndrome, however, is still ongoing, and criticisms

have been raised regarding several issues, most importantly
the somewhat arbitrary selection of components and their
cutoff values. Thus, the question of whether the metabolic
syndrome truly reflects a single disease entity with a com-
mon underlying pathology remains unclear.

In this study, we aimed to: (1) Test whether the metabolic
syndrome represents a single underlying factor using con-
firmatory factor analysis (CFA) in a population-based sam-
ple of Andean Hispanic adults; (2) examine differences in the
metabolic syndrome factor between men and women; and
(3) assess the relationship between the metabolic syndrome
factor and carotid artery media thickness (cIMT), a well
validated marker of subclinical atherosclerosis.4–6
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CFA is used to understand whether the shared variance of
measured variables (indicators) can be attributed to an un-
derlying construct (latent factor). Additionally, CFA allows
for the examination of models in which both a latent factor
and its correspondence with relevant indicators are explicitly
specified on the basis of previous literature. Previous studies
have attempted to model the metabolic syndrome factor
structure using CFA.7,8 These studies have identified a met-
abolic syndrome factor model with glucose dysregulation
[measured by both fasting blood glucose (FBG) and insulin
level], obesity [measured by body mass index (BMI) and
waist circumference (WC)], dyslipidemia (measured by TGs
and HDL-C), and systolic blood pressure (SBP) and diastolic
blood pressure (DBP) as central components.7,8 More re-
cently, Stevenson and colleagues9 developed a more parsi-
monious metabolic syndrome model with five components
commonly used in clinical practice—adiposity, SBP, HDL-C,
TGs, and glucose. Possible gender differences and the ex-
amination of a metabolic syndrome latent factor model in
Hispanics, however, have yet to be investigated and are of
high importance.

Gender and ethnicity are important determinants for the
risk of having metabolic syndrome.10–18 In the third National
Health and Nutrition Examination Survey (NHANES III),
differences by gender were observed among ethnic minori-
ties.10 African American and Mexican American women had
higher prevalence rates of metabolic syndrome than African
American and Mexican American men, respectively, whereas
the risk in Caucasians was similar between genders.10

Moreover, Mexican Americans were shown to have the
highest prevalence rates of the metabolic syndrome.10

Although Hispanics are a highly heterogeneous group,
until recently, most studies had been conducted in Mexican
Americans. Results from other Hispanic subgroups are still
scarce; however, recently published (and ongoing) studies
are providing important data regarding the prevalence and
patterns of metabolic syndrome in different Hispanic sub-
groups, including those from Andean countries. Results from
our group,18–23 and other large epidemiological studies
conducted in Venezuela,10 Chile,24 and Colombia,25 have
provided evidence of a different phenotypic pattern of the
metabolic syndrome among Andean Hispanics. This pattern
is characterized by a high prevalence of abdominal obesity
and dyslipidemia, with low HDL-C levels being particularly
prevalent in women and hypertriglyceridemia being partic-
ularly prevalent in men. Given the distinct presentation of
the syndrome in this subgroup, a more detailed character-
ization of the metabolic syndrome and its relationship with
subclinical cardiovascular disease is warranted.

Methods

Study population and sampling design

Study participants were enrolled in the Peruvian Study of
Cardiovascular Disease Prevalence (PREVENCION). This
population-based study was undertaken in Arequipa, the
second largest city in Peru. Its population is comparable to
other urban populations in Peru and resembles urban pop-
ulations in Andean countries, such as Bolivia and Ecuador.
This population consists largely of Mestizos (‘‘mixed’’), with
the degree of admixture being predominantly Andean Am-
erindian (i.e., autochthonous Quechua and Aymara), small

contributions from Spanish whites, and minimal contribu-
tions from West African populations. The first phase of
PREVENCION was designed to determine the prevalence of
CVD and cardiovascular risk factors in the adult study
population. Details regarding the sampling strategy, general
objectives, and design of the PREVENCION study have been
published previously.18

Anthropometric, blood pressure, and biochemical
measurements

Height and weight were measured with a stadiometer and
a calibrated scale, respectively, with the participant barefoot
and wearing light clothing. BMI was calculated as weight
divided by height squared (kg/m2). WC was measured at
the umbilical level while subjects were standing.

Blood pressure was measured between 7 a.m. and 10 a.m.
using a mercury sphygmomanometer after a resting period
of at least 5 min, with the auscultatory method, according to
recommendations from the seventh report of the Joint Na-
tional Committee for the diagnosis, evaluation, and treat-
ment of high blood pressure.26 At least two measurements
were performed in each of two separate days, and all mea-
surements were used to calculate a final mean value for SBP
and DBP.

Samples of venous blood were obtained after at least 8 hr
of fast and serum was used for biochemical measurements.
Low-density lipoprotein cholesterol (LDL-C), glucose, and
TGs were measured enzymatically by automated methods
(Cobas Mira Assay; Roche, Basel, Switzerland). HDL-C was
measured after precipitation of apolipoprotein B (ApoB)-
containing lipoproteins.27 All coefficient of variations for
these measurements were < 10%.

Measurements of cIMT

High-resolution B-mode carotid ultrasonography was
performed with a linear-array, 10-MHz transducer in B mode
(Sonosite Titan; Sonosite, Bothell, WA). With the subject in
the supine position, images were obtained bilaterally from
the anterior, posterior, and lateral views. Both carotid ar-
teries were examined with the head tilted slightly upward in
the mid-line position. The transducer was manipulated so
that the near and far walls of the common carotid artery
were parallel to the transducer footprint and the lumen di-
ameter was maximized in the longitudinal plane. A region
1.0 cm proximal to the carotid bulb was identified, and cIMT
of the near and far walls was evaluated as the distance be-
tween the lumen–intima interface and the media–adventitia
interface. If plaques were present, these were included in the
measurements. Measurements of cIMT were performed on a
frozen frame of a suitable longitudinal image using the So-
nocalc software (Sonosite Titan; Sonosite, Bothell, WA),
which performs multiple automated measurements along
1 cm and averages them, thereby increasing the accuracy of
measurements. All measurements were performed offline in
a blinded fashion.

Statistical analysis

Preliminary statistical analyses included descriptive sta-
tistics and assessment of normality of distributions. Non-
normal variables (glucose and cIMT) were log-transformed.
CFA was used to examine the metabolic syndrome construct
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(latent factor) and its correspondence to measured variables
(indicators): WC, SBP, DBP, HDL-C, TGs, and glucose
(model depicted in Fig. 1). Correlated residuals were speci-
fied between HDL-C and TGs, and between SBP and DBP,
given that these factors are known to share common physi-
ological characteristics beyond their contribution to the
metabolic syndrome construct. The comparative fit index
(CFI), root mean squared error of approximation (RMSEA),
and standardized root mean square residual (SRMR) were
used to evaluate model fit. Once a final model was estab-
lished, it was reassessed using multiple group comparisons
to examine gender differences. Within this approach, a
model was estimated separately for men and women. The
correspondence between the indicators and the metabolic
syndrome factor were compared by gender using chi-
squared difference tests of nested models. Finally, cIMT was
regressed on the metabolic syndrome factor using structural
equation modeling. Age, LDL-C, and smoking were included
as control variables.28 The model was again tested by gender
using the multiple groups approach. Mplus version 6 (Mu-
thén and Muthén, http://www.statmodel.com/) was used
for all analyses.

Missing data. Complete data were available for all sub-
jects for the estimation of the metabolic syndrome factor.
However, given that the assessment of cIMT was im-
plemented late in the study, missing data were present in
40% of the cIMT variable (1009 subjects with missing data).
Analyses were conducted using both full information maxi-

mum likelihood, a state-of-the-art method for the estimation
of model parameters in the presence of missing data,29 and
listwise deletion. Both methods yielded comparable param-
eter estimates (results not shown), suggesting that no bias
was introduced by missingness in the variables included in
the model. Therefore, data from all subjects was retained for
analyses.

Results

Sample characteristics

The study population consisted of 2513 participants (1141
men and 1372 women). Median age was 51 years. Char-
acteristics of the study sample are shown in Table 1. Men
demonstrated a higher prevalence of smoking and alcohol
consumption and were significantly taller, heavier, and had
higher WC measurements, but BMI was comparable be-
tween genders. Men demonstrated higher DBP, total cho-
lesterol, LDL-C, and TG levels and significantly lower HDL-
C. There was no difference in glucose, insulin, prevalence of
T2DM, or prevalence of CVD. Men had significantly greater
cIMT than women.

Measurement model

The initial model was assessed and showed adequate fit to
the data as evidenced by the following fit indexes: CFI =
0.979, RMSEA = 0.059, SRMR = 0.029. However, after analysis

FIG. 1. Metabolic syndrome measurement
model.

Table 1. Demographic, Clinical, and Laboratory Characteristics of the Study Sample

Men (n = 1141) Women (n = 1372) P value

Age, years 51 (37–64) 51 (36–73) 0.777
Current smoking (%) 26.2 11.3 < 0.001*
Body mass index (kg/m2) 26.4 (24.0–29.0) 26.1 (23.0–30.0) 0.116
Waist circumference (cm) 94 (87–101) 87 (79–96) < 0.001*
Systolic blood pressure (mmHg) 120 (110–130) 116 (102–130) 0.183
Diastolic blood pressure (mmHg) 80 (72–83) 75 (70–82) < 0.001*
HDL-C (mg/dL) 44.0 (38.7–51.4) 48.0 (41.0–55.2) < 0.001*
LDL-C (mg/dL) 113.0 (96.3–132.3) 117.0 (100.0–140.0) < 0.001*
Triglycerides (mg/dL) 166 (118–240) 141 (100–196) < 0.001*
Glucose (grams/dL) 78.0 (73.0–86.0) 78.6 (73.0–86.0) 0.727
Cardiovascular disease (%) 2.3 2.6 0.526
Carotid intima media thickness (mm) 0.67 (0.56–0.78) 0.64 (0.54–0.75) 0.024*

*P < 0.05.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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of the residual matrix, modification indices, and theoretical
considerations, a correlation was specified between the re-
siduals of HDL-C and WC. This modified model showed
significantly better fit w2(1) = 53.232, P < 0.001, with CFI =
0.997, RMSEA = 0.023, SRMR = 0.009, and supported a com-
mon factor structure of the metabolic syndrome measured by
six indicators—WC, SBP, DBP, HDL-C, TGs, and glucose
levels.

Structure of the metabolic syndrome

The individual contribution of each indicator was assessed
by examining the standardized factor loadings. WC showed
the highest correlation with the metabolic syndrome factor
(standardized factor loading = 0.68, P < 0.001), followed by
SBP (0.53, P < 0.001), DPB (0.52, P < 0.001), TGs (0.45,
P < 0.001), and glucose (0.33, P < 0.001). HDL-C was not sig-
nificantly correlated with the metabolic syndrome factor
(standardized factor loading = 0.01, P = 0.88), beyond its as-
sociation with TGs (r = - 0.10, P < 0.001) and WC (r = - 0.23,
P < 0.001), suggesting that HDL-C is not an indicator of a
common underlying metabolic syndrome construct in this
population.

The metabolic syndrome explained 46% of the variance in
WC, 28% of the variance in SBP, 27% of the variance in DBP,
20% of the variance in TGs, and 11% of the variance in
glucose levels.

Gender comparison

Significant differences were found for all indicators: SBP
(w2(1) = 35.09, P < 0.001), DBP (w2(1) = 5.024, P = 0.025], HDL-C
[w2(1) = 5.97, P = 0.015], TGs (w2(1) = 5.26, P = 0.022), and glu-
cose (w2(1) = 8.37, P = 0.003), suggesting significant gender
differences in all loadings. The model was therefore esti-
mated separately by gender. Table 2 presents loadings esti-
mated independently for men and women.

The metabolic syndrome factor and cIMT

Given the difference in the loadings across men and wo-
men, the association between the metabolic syndrome latent
factor and cIMT was estimated separately by gender. The
metabolic syndrome factor was significantly associated with
cIMT in men (B = 0.014, b= 531, P < 0.001) and women
(B = 0.015, b= 615, P < 0.001). In a model that adjusted for age,
LDL-C and smoking, the metabolic syndrome factor re-
mained significantly associated with cIMT in both genders (B
for men = 0.003, b = 0.145, P = 0.004; B for women = 0.004,

b = 0.179, P < 0.001). Other significant correlates of cIMT in
men were age (B = 0.006, b = 0.578, P < 0.001) and LDL-C
(B = 0.001, b = 0.102, P < 0.001). Age was also a significant
correlate of cIMT in women (B = 0.006, b= 179, P < 0.001). The
model explained 44% and 47% of the variance of cIMT in
men and women, respectively.

The metabolic syndrome factor vs. the current
diagnostic criteria

A regression model was fitted using the current National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) criteria for metabolic syndrome as a correlate
of cIMT to compare it to the metabolic syndrome latent
factor. The current NCEP ATP III criteria were significantly
associated with cIMT in both men (b= 0.22, P < 0.001) and
women (b= 0.26, P < 0.001). The diagnostic metabolic syn-
drome criteria, however, explained only 7% and 5% of the
variance in cIMT in men and women, respectively, whereas
the metabolic syndrome factor alone explained 28% of the
cIMT variance in men and 38% in women (Table 3). Even
after controlling for the metabolic syndrome criteria, age,
LDL-C, and smoking, the metabolic syndrome factor ex-
plained significant additional variance in cIMT (R2 change in
men = 0.09, P < 0.001; R2 change in women = 0.03, P < 0.001).

Discussion

Our study reports on the use of a continuous variable
approach to examine the metabolic syndrome as an

Table 2. Loadings of Metabolic Syndrome Latent Factor

Loadings for men Loadings for women

Unstandardized Standardized Unstandardized Standardized

Waist circumference 1.00 0.74 1.00 0.61
Systolic blood pressure 1.02 0.45 1.77 0.61
Diastolic blood pressure 0.51 0.45 0.72 0.56
HDL-C (mg/dL) 0.12 0.10a -0.01 0.01a

Triglycerides 4.77 0.39 5.27 0.49
Glucose (log) 0.01 0.28 0.01 0.39

aIndicator did not significantly load to the metabolic syndrome latent factor.
HDL-C, high-density lipoprotein cholesterol.

Table 3. The Metabolic Syndrome Latent Factor

vs. the Current Metabolic Syndrome

NCEP ATP III Criteria

B b P cIMT R2

Men
Metabolic syndrome

latent factor
0.014 0.531 < 0.001* 0.282

Metabolic syndrome
NCEP ATP III criteria

0.100 0.266 < 0.001* 0.071

Women
Metabolic syndrome

latent factor
0.015 0.615 < 0.001* 0.379

Metabolic syndrome
NCEP ATP III criteria

0.082 0.220 < 0.001* 0.048

*P < 0.001.
NCEP ATP III, National Cholesterol Education Program Adult

Treatment Panel III.
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underlying disease construct in Andean Hispanics. Our re-
sults support a common metabolic syndrome underlying
factor measured by five indicators—WC, SBP, DBP, TGs, and
glucose levels. HDL-C was not found to significantly load to
the metabolic syndrome factor, suggesting that it is not a
component of the metabolic syndrome in Andean Hispanics.
Differences in the contribution of each indicator to the met-
abolic syndrome factor were found between men and wo-
men. Furthermore, we provide novel data assessing the
relationship between a metabolic syndrome factor and cIMT
in a community-based sample. The metabolic syndrome
factor was significantly associated with subclinical athero-
sclerosis in this sample in both men and women after con-
trolling for the effects of age, LDL-C, and smoking.

Previous studies assessed the factor structure of the met-
abolic syndrome in primarily Caucasian populations. Shen
et al.7 examined a hierarchical structure of the syndrome
with metabolic syndrome as a second-order factor and in-
sulin resistance (measured by glucose and insulin levels),
obesity (WC and BMI), lipid levels (HDL-C and TGs), and
blood pressure (SBP and DBP) as first-order factors. This
model differs from ours in that it uses a hierarchical ap-
proach and incorporates additional indicators. Specifically,
the insulin resistance factor is comprised of both glucose and
insulin levels, and the obesity factor is measured by both
BMI and WC. Stevenson and colleagues recently tested a
more parsimonious model with five components—BMI, SBP,
HDL-C, TGs, and glucose.9 It differs from our model in that
Stevenson et al. used BMI and not WC as a proxy for ab-
dominal obesity. A commonality among studies in Cauca-
sian samples and the results of our examination of Andean
Hispanics, however, is that all studies support the presence
of a single underlying metabolic syndrome construct.7,9 In
line with previous results and theoretical considerations,7,9

our study reports evidence of the significant contribution of
WC, SBP and DBP, TGs, and glucose levels on the metabolic
syndrome latent factor.

In contrast to the aforementioned studies on the metabolic
syndrome factor structure,7,9 our study found that HDL-C
was not significantly correlated to the metabolic syndrome
latent factor. This suggests that, as opposed to its significance
among Caucasians, HDL-C may not be an important con-
tributor to the metabolic syndrome in Andean Hispanics.
This discrepancy might reflect ethnic differences on the
predictive value of HDL-C as a component of the metabolic
syndrome. Previous reports have consistently reported a
strikingly high prevalence of low HDL-C among Andean
Hispanics, despite a low prevalence of metabolic syn-
drome.10,19,30 Similarly, the levels of lipid profile components
were found to vary across ethnicities in a US sample of older
adults, with Hispanics having lower HDL-C levels than non-
Hispanic whites.31 In line with these findings are results from
two prospective designs that showed HDL-C was not asso-
ciated with risk of myocardial infarction in Hispanics.32,33

Another population that has been identified as having par-
ticularly low levels of HDL-C is Turkish adults.34 A recent
review showed levels of HDL-C are lower among Turkish
adults when compared to estimates in other European
countries and the United States.34 Interestingly, HDL-C es-
timates among the Turkish population were comparable to
those reported in Andean Hispanics.10,19 Research examining
the contribution of HDL-C on the metabolic syndrome,
however, is not available in this population.

Important differences between men and women in the
metabolic syndrome components have been previously re-
ported in the literature.1,2,19 Shen et al. reported differences
between men and women in the contribution of lipids such
as HDL-C and TGs as well as WC.7 In our study, we found
that for men, central adiposity appeared to be the most im-
portant component of the metabolic syndrome, whereas for
women, both SBP and WC had the important contribution to
the metabolic syndrome construct.

Our study is the first to report on a positive association
between a metabolic syndrome factor and cIMT. These re-
sults are consistent with previous reports showing in-
creased cIMT in subjects with the metabolic syndrome.35–38

The relationship between the metabolic syndrome factor
and cIMT was significant in both genders after controlling
for age, LDL-C, and smoking status. Although some reports
have indicated gender differences in this relationship,38,39

most studies suggest a robust association in both
genders.35–38 Furthermore, we found that the metabolic
syndrome factor explained significantly greater variability
in cIMT compared to the current NCEP ATP III criteria.
This is not surprising given that a latent variable approach
confers the important advantage of measuring constructs as
continuous rather than dichotomous variables using po-
tentially arbitrary cutoff scores, as is the case with all cur-
rent metabolic syndrome diagnostic definitions. Because
risk associated with pathophysiological constructs is pro-
gressive as opposed to simply absent or present, the present
methodology provides a novel means to capture the met-
abolic syndrome as a continuous and uninterrupted process
in line with biological assumptions. This approach, there-
fore, presents a more detailed characterization of this
debated syndrome.

Important strengths of our study include our large sample
size and our population-based sampling strategy. Our study
is limited by its cross-sectional nature. Additionally, our
sample includes a single ethnic group and did not allow for
comparison across ethnic groups. A longitudinal study is
needed to better assess the relationship between a latent
metabolic syndrome construct and the risk of cardiovascular
events; however, pending prospective data, our findings
provide important insights into the association between
metabolic syndrome and subclinical atherosclerosis in this
population.

Conclusions

Our findings suggest that in Andean Hispanics the met-
abolic syndrome represents a common underlying disease
entity measured by five indicators—WC, SBP, DBP, TGs,
and glucose. This underlying metabolic syndrome factor is
strongly associated with subclinical carotid atherosclerosis,
measured by cIMT, in both genders after adjustment for age,
LDL-C, and smoking. Additionally, we found the factor
explained a greater amount of variability in subclinical
disease compared to currently used metabolic syndrome
diagnostic criteria. Gender differences were found in the
contribution of indicators to the metabolic syndrome factor;
however, HDL-C was not found to be a component of the
metabolic syndrome in either men or women. Further
studies regarding the metabolic syndrome and its associa-
tion with cardiovascular risk are warranted in other His-
panic populations.
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