
RE: ‘‘(MIS)USE OF FACTOR ANALYSIS IN THE STUDY OF INSULIN RESISTANCE SYNDROME’’

We read with interest the recent Journal commentary by
Lawlor et al. (1) regarding the utility of factor analysis in
understanding the metabolic syndrome (MetS). We agree
that the results of studies using exploratory factor analysis
should be interpreted with some caution given that it is not,
strictly speaking, a hypothesis-testing technique and that
certain arbitrary decisions are necessarily made in using this
approach. These issues have been reviewed in detail pre-
viously in this journal (2). We also agree that, in analyzing
the clinical importance of the MetS, it would be of value to
assess the ability of factor scores, in comparison with stan-
dard definitions, to predict outcomes such as diabetes and
cardiovascular disease. In fact, two recent studies compared
factor scores against impaired glucose tolerance (3, 4) and
standard MetS definitions (4) in the prediction of diabetes.

However, we disagree with a number of Lawlor et al.’s (1)
criticisms of the literature regarding MetS factor analysis.
First, the authors suggest that factor analysis has been used
to determinewhether theMetS actually exists. To our knowl-

edge, the goal of the more than 20 studies cited by Lawlor
et al. has been to understand the underlying correlation struc-
ture of the interrelated metabolic variables thought to consti-
tute the syndrome. It is the other body of research mentioned
by Lawlor et al., tests of whether MetS variables coexist to
a greater degree than expected by chance (5–7), that might
provide evidence supporting the existence of a distinctive
syndrome. Even these methods can only demonstrate the
lack of independence among the risk factors and the plausi-
bility of a syndrome. In any case, factor analysis is not
amethod for proving or disproving the existence of theMetS.

Second, in presenting their rationale for the suggestion
that confirmatory factor analysis is preferable to exploratory
factor analysis, Lawlor et al. propose that ‘‘knowledge from
biologic studies could be used to determine a priori the
number of unmeasured (latent) variables that represent the
syndrome and thus the number of factors that one would
expect to extract’’ (1, p. 1015). We believe that scientific
understanding of the primary underlying pathophysiology
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of the MetS is still not developed well enough to allow
generation of firm hypotheses regarding the number of latent
variables underlying the MetS. This issue becomes espe-
cially apparent when one considers the rapidly evolving
literature on nontraditional components of the MetS, includ-
ing inflammation, oxidative stress, endothelial dysfunction,
and disorders in adipokine biology. The discovery of adipo-
nectin is an excellent example of this issue (8). Adiponectin,
a collagen-like protein secreted exclusively by adipocytes,
has a growing list of pleiotropic effects and has been asso-
ciated (inversely) with many aspects of the MetS, including
insulin resistance, dyslipidemia, endothelial dysfunction, in-
flammation, diabetes, and cardiovascular disease. However,
it remains unclear to which of the core MetS disorders adipo-
nectin is primarily linked. While exploratory factor analysis
would not provide a definitive, final answer to this question,
in our opinion it offers a valuable, unbiased, complementary
analytical option to shed light on the complex pathobiology
of adiponectin.

Lawlor et al. further suggest that ‘‘in the absence of such
biologic evidence, the findings of current (exploratory) fac-
tor analysis studies should be formally tested in confirma-
tory studies using independent data sets, but including the
same component variables and applying the same factor
analysis procedures’’ (1. p. 1015). In this context, it is im-
portant to highlight the remarkable uniformity of the more
than 20 exploratory factor analysis studies on the MetS
published thus far. In epidemiology, consistency of results
across diverse studies is usually taken as confirming the
validity of population-based observations. That so many
‘‘exploratory’’ factor analyses of core MetS variables arrive
at the same answer provides convincing ‘‘confirmation’’ of
the main findings. These studies all strongly support the
contention that the MetS comprises two to three distinct
dimensions (hyperglycemia, dyslipidemia, hypertension)
that share a fourth, obesity-hyperinsulinemia, as a common,
central component. Results of empirically derived factor
analyses lend substantial credibility to current, widely ap-
plied, but more arbitrary definitions of the MetS that require
the presence of a few of a broader set of traits to be present
to make the diagnosis (9, 10).

Lawlor et al. further state the following: ‘‘None of the
studies using factor analysis to explore the [MetS] has stated
whether it considers its approach to be exploratory or con-
firmatory . . . [or used] knowledge from biologic studies . . .
to determine a priori the number of unmeasured (latent)
variables that represent the syndrome and thus the number
of factors one would expect to extract’’ (1, p. 1015). Many
authors did in fact indicate clearly their rationale for using
factor analysis. Furthermore, in one of our own papers in
this field (11), we clearly stated that if insulin resistance
were the only physiologic domain underlying the MetS,
then we would expect to identify just one factor. We found
more than one factor by using a principal components model
and then used a confirmatory, hypothesis-testing factor anal-
ysis to demonstrate that an analytic solution yielding more
than one factor was a significantly better fit to the data than
a solution yielding only one factor. Although it would per-
haps have strengthened this body of research if more authors
had also taken this second step, we stand by our contention

that the remarkable consistency of results across the broad-
est array of human populations stands as a powerful epide-
miologic confirmation of the findings of these more rigorous
early studies.

Next, the authors suggest that the conclusion of many
factor analysis papers that ‘‘hypertension may not be linked
to the insulin resistance syndrome to the same extent as
other components . . . reflects a misunderstanding of factor
analysis’’ (1, p. 1015). We suggest that there are several
biologic reasons why hypertension would not fit closely with
the syndrome, including the vasodilative effects of insulin
(12, 13) and elements of blood pressure control by the renin-
angiotensin, neurohormonal, and arterial vascular systems
that are largely independent of insulin resistance and com-
pensatory hyperinsulinemia (14). Furthermore, Lawlor et al.
argue that it may be inappropriate to include systolic and
diastolic blood pressure together in a factor analysis. In fact,
several other pairs of highly correlated variables, including
fasting and 2-hour plasma glucose and insulin and different
measures of body mass, are very commonly included in the
same factor analysis model, and they not only load together
in the same factor but also load with other features of the
metabolic syndrome (2). As one of the authors of this letter
(R. B. D.) has recommended in a widely cited methodolog-
ical text on factor analysis (15), more than one highly cor-
related variable (or measures of similar domains) should be
included in the factor analytic models to ensure that each
domain is contributing enough variance to the model to
stand apart if in fact a separate latent trait is present. This
is an important element in defining factors using Thurstone’s
simple structure concept (16). In addition, systolic and di-
astolic blood pressure should not be considered merely par-
allel or redundant hemodynamic measures. Rather, they are
often only moderately correlated (r < 0.7), and they are
known to have different physiologic determinants; there-
fore, they encompass enough biologic uniqueness, analo-
gous to waist circumference and body mass index or high
density lipoprotein cholesterol and triglyceride, to sepa-
rately indicate an underlying MetS domain itself rather than
being two overlapping measures of a single MetS variable.

Finally, we would like to provide some clarification re-
garding definitions and methodological features of confir-
matory factor analysis. Lawlor et al. state, ‘‘In confirmatory
factor analysis, one should be able to replicate findings
from an exploratory study using the same rotation meth-
od together with analysis methods being identical’’ (1,
p. 1016). In this sense of confirmatory factor analysis, one
can argue that the consistency across the various papers
quoted by Lawlor et al. has established confirmation. Cer-
tainly the large body of published studies has demonstrated
that more than one single factor (or underlying phenotype) is
consistent with the data. However, a more appropriate use of
the term confirmatory factor analysis would consist of an
a priori statement of the number of factors, a statement of the
relative sizes of the factor loadings for the variables within
the factors, and then a formal statistical test to evaluate
whether a new set of data is consistent with this hypothe-
sized number of factors and the loadings of the variables
(rotation is not used in confirmatory factor analysis).
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In conclusion, we agreewith Lawlor et al. (1) that the limi-
tations of exploratory factor analysis need to be kept in
mind when interpreting studies that have used this tech-
nique. However, given the rapidly growing literature on
the prevalence, outcomes, and underlying pathobiology of
the MetS and its relation to insulin resistance, we believe
that exploratory factor analysis has made substantial contri-
butions to our understanding of this common and powerful
risk factor for type 2 diabetes and cardiovascular disease.
Specifically, factor analyses have been a fundamental ad-
vance leading to the formulation of credible, clinically use-
ful definitions of a high-risk metabolic state with profound
public health implications (9, 10). Widespread application
of these definitions has substantially heightened awareness
of the importance and implications of the syndrome among
the research, clinical, and public health communities.
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