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Abstract

Background: The extent to which cardiovascular disease (CVD) risk factors cluster in youth with a diagnosis
of type 1 (T1IDM) or type 2 diabetes mellitus (T2DM) is unclear. Therefore, we aimed to evaluate potential clus-
tering of traditional CVD risk factors that may reflect an unmeasured but unifying single pathology that may
explain the phenomenon of the metabolic syndrome in these youths.

Methods: Youths who participated in the SEARCH for Diabetes in Youth study with diabetes diagnosed <20
years, with current age >10 years (maximum current age, 22 years) were included. Confirmatory factor analysis
(CFA) was performed to determine statistical associations among CVD risk factors, including obesity, blood
pressure, triglycerides, and high-density lipoprotein cholesterol (HDL-C). Diabetes type was defined by diabetes
autoantibodies (DA A) and fasting C-peptide (FCP); type 1 (T1DM, DAA positive, and FCP <0.8 ng/mL, n = 1198)
and type 2 (T2DM, DAA negative, and FCP >2.9 ng/mL, n = 95). For T1DM, the sample was split randomly and
analyses were conducted separately in each split sample.

Results: Among five prespecified data structures ranging from a single underlying factor to a hierarchical struc-
ture of factors, the worst-fitting model for both of the T1IDM split samples was the single-factor structure and the
best-fitting model was a three-correlated-factor structure. The three correlated factors identified were obesity,
lipids, and blood pressure. Results were very similar for youths with T2DM.

Conclusion: There is little evidence that a single factor underlies the CVD risk factor pattern in youths with dia-
betes. The concept of the metabolic syndrome provides a useful description of clinical characteristics but does
not efficiently capture a single target for etiologic research among youths with diabetes.

Introduction ) o
with type 2 DM (T2DM) have two or more traditional car-

PREVIOUSLY, WE REPORTED FROM the SEARCH for Diabetes  diovascular disease (CVD) risk factors present in addition to
in Youth study (SEARCH) that about 15% of youths with  glucose intolerance,! compared with a metabolic syndrome
type la diabetes mellitus (T1DM) and about 90% of youths  prevalence of approximately 6% in nondiabetic youths.? Thus,
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it is of utmost importance to advance knowledge regarding
the early determinants of CVD risk factors among youths
with diabetes. The SEARCH study is a multicenter epidemi-
ologic study that began conducting population-based ascer-
tainment of nongestational cases of diagnosed diabetes in
youths less than 20 years of age in 2001 for prevalent cases
and continuing with case ascertainment for incident cases
through the present.®> One of the major aims of SEARCH is
to evaluate risk factors for the chronic complications of dia-
betes, including risk factors for CVD.

Definitions of the metabolic syndrome have been pro-
moted as a way to identify individuals efficiently who have
multiple CVD risk factors; however, the merits of such defini-
tions have been vigorously debated.*” It is not clear whether
the metabolic syndrome captures a unique, unmeasured,
but etiologically important, phenomenon that explains
future risk for vascular events. If such a unifying etiologic
process does exist, this would be an extremely important
target for research. Therefore, using data collected in the
SEARCH cohort, we aimed to evaluate statistically the phe-
nomenon of clustering of the traditional CVD risk factors
included in the definition of metabolic syndrome put forth
by the National Cholesterol Education Program (NCEP)
Adult Treatment Panel III (ATP III) criteria,* as applied to
children and youths.

Preliminary analyses from SEARCH used exploratory
factor analysis and yielded a three-factor solution for both T1
and T2DM, with only 42.9% and 35.9% of the total variance
for T1 and T2DM, respectively,! thereby providing little evi-
dence for a single underlying etiology. Most previous factor
analyses are from studies of adults*; nondiabetic youth have
produced similar results.!>”® Lawlor et al* suggested that
confirmatory factor analysis (CFA) may be preferable over
more commonly used exploratory factor analysis for evalu-
ation of metabolic syndrome because of the capacity of CFA
to evaluate explicitly the goodness of fit of a particular struc-
ture (e.g., a single factor) to the observed data. Specifically,
analyses presented herein evaluate whether a single-factor
model provided the best fit to the data, compared to alter-
native models of more than one factor. In the present report,
CFA was employed in parallel in youth with TIDM and
those with T2DM. These analyses provided the opportunity
to evaluate systematically whether clustering may operate
differently depending on the prevalence of the CVD risk fac-
tors in the population of interest, with one group (T2DM)
known to be severely insulin resistant.

Materials and Methods
Study design

Data for this analysis derive from the SEARCH for
Diabetes in Youth Study.> SEARCH has six centers that are
located in Ohio, Colorado, Washington, South Carolina,
Hawaii, and Southern California. In all sites, diabetes cases
were considered to be valid if they were diagnosed by a
health-care provider. The study was reviewed and approved
by the local Institutional Review Boards (IRB) that had
jurisdiction over the local study population. Using Health
Insurance Portability and Accountability Act-compliant
procedures, youths with diabetes identified by the SEARCH
recruiting network were asked to complete a survey that
collected information on age, sex, age at diagnosis, diabetes
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treatment history, and race/ethnicity. Youths (excluding
those with secondary diabetes or diabetes known to be due
to genetic causes of B-cell failure) who replied to the sur-
vey were then invited to a study visit. Before the study visit,
written informed consent was obtained according to the
guidelines established by the local IRB from subjects who
were 18 years of age and older or from the parent or guard-
ian if the subject was less than 18 years of age. Written assent
was also obtained from the subjects who were less than 18
years of age as governed by local IRB instructions.

Variable measurement

Standardized physical examinations were conducted by
trained and certified study staff members. Height and weight
measurements were used to calculate body mass index
(BMI, kg/m?), and age- and gender-specific BMI z-scores
were derived based on the U.S. Centers for Disease Control
and Prevention.’® Waist circumference was measured using
the National Health and Nutrition Examination Survey
(NHANES) protocol,'* which uses the anatomic landmarks
of the iliac crest and mid-axillary line. Three blood pres-
sure measurements were obtained using a portable mercury
manometer.”®

Blood was drawn after fasting for at least 8 hours for mea-
surement of diabetes autoantibodies (glutamic acid decar-
boxylase [GAD] 65, insulinoma antigen-2 [IA-2], and lipids
(total cholesterol (TC), low-density lipoprotein cholesterol
[LDL-C], high-density lipoprotein cholesterol [HDL-C],
triglycerides, and very-low-density lipoprotein cholesterol
[VLDL-C]). Laboratory samples were obtained only if there
was no episode of diabetic ketoacidosis within the prior
month. Specimens were processed locally at the sites and then
shipped within 24 hours to the central laboratory (Northwest
Lipid Metabolism and Diabetes Research Laboratories,
University of Washington, Seattle, WA), where they were
analyzed. Measurements of TC, HDL-C, and triglycerides
were performed enzymatically on a Hitachi 917 autoanalyzer
(Boehringer Mannheim Diagnostics, Indianapolis, Indiana).
LDL-C levels were calculated by the Friedewald equation for
individuals with triglyceride levels less than 400 mg/dL,”
and by Lipid Research Clinics Beta Quantification' for those
with triglyceride levels at least 400 mg/dL.

Samples were analyzed for glutamic acid decarboxyl-
ase-65 (GADG65) and IA-2 diabetes autoantibodies (DAA)
in radioligand-binding assays."” The levels were expressed
as relative indices, using positive and negative control
samples. The positive control sample was the World Health
Organization (WHO) standard for islet cell antibodies.
The negative control samples were prepared from a pool
of normal sera. A signal-to-noise ratio of 10 or above was
required.

For the present report, we wished to evaluate potential
clustering of CVD risk factors in two distinct groups of
individuals: those with biochemical evidence of TIDM and
those with biochemical evidence of T2DM, using the same
definitions as were applied in the previous SEARCH report
on prevalence of CVD risk factors.!! Thus, diabetes type
was classified based on GAD65 and IA-2 DAA and fasting
C-peptide (FCP) as follows: TIDM = DAA+ and FCP <0.8
ng/mL and T2DM = DAA- and FCP =29 ng/mL. Youths
who did not meet either strict definition were excluded from
the present analysis.
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For descriptive purposes, CVD risk factors were defined
according to the NCEP ATP III definition modified for age'
as follows: HDL-C < 40 mg/dL; waist circumference >90™
percentile for age and sex (Cook S, NHANES III, personal
communication); systolic (SBP) or diastolic blood pressure
(DBP) >90% percentile for age, sex, and height.® The meta-
bolic syndrome was defined for youth with diabetes as those
who have at least two of these CVD risk factors, in addition
to having T1IDM or T2DM.

Subject inclusion and exclusion

To facilitate the descriptive comparisons between youth
with T1IDM and those with T2DM, we restricted analyses to
SEARCH participants who were prevalent in 2001 or inci-
dent in 2002 or 2003, and whose current age at the time of
the SEARCH visit was >10 years (maximum current age, 22
years). Youths younger than 10 years of age were excluded
from this analysis because of the exceedingly small number
of subjects under age 10 with T2DM.

Of the 6792 validated, age-eligible cases, 2144 participated
in the SEARCH in-person clinic examination and had com-
plete data as required for assignment of diabetes type and
conduct of the factor analyses. We included 1249 youths with
T1DM and 123 youths with T2DM. We excluded 772 youths
who did not meet our strict criteria for T1IDM or T2DM;
these included 241 with “possible TIDM” (DAA+ but inter-
mediate levels of C-peptide), 43 “hybrid” (DAA+ and high
levels of C-peptide), 345 “possible TIDM” (DAA— and low
C-peptide), and 143 “possible T2DM” (DAA— and interme-
diate C-peptide). Because generally accepted definitions of
diabetes typology for youths with such phenotypes are not
currently available, we preferred not to include these indi-
viduals in the present analyses and instead opted to include
only youths whose DAA and C-peptide data provided
strong evidence for either TIDM or T2DM. Additionally,
we excluded youths who reported use of antihypertensive
or lipid-lowering medication, and those taking thiazolidin-
ediones (TZD), which enhance insulin sensitivity (# = 51
excluded with T1IDM; n = 28 excluded with T2DM). The
final analysis sample included 1198 with TIDM and 95 with
T2DM. These were the same subjects included in prelimi-
nary analyses published previously utilizing exploratory
factor analysis.!

Statistical analyses

The CALIS procedure of SAS 8.2 was used to conduct
CFA, in which the maximum likelihood estimation tech-
nique was used to estimate the parameters for pre-specified
data structures. For the six CVD risk factors (BMI, waist,
HDL, log triglycerides, systolic blood pressure, and diastolic
blood pressure), we prespecified five structures designed to
reflect results in the previous literature as well as to address
concerns that inclusion of variables known to be highly
correlated on the basis of prior knowledge including biol-
ogy (e.g., SBP and DBP) would drive observation of a sep-
arate factor representing those correlated variables. Thus,
we specified the following models: (1) one factor underlies
all risk factors; (2) two correlated factors: one factor reflects
BMI, waist, HDL, and log triglycerides, and the other reflects
systolic and diastolic blood pressure; (3) three correlated fac-
tors: obesity, lipids, and blood pressure; (4) one factor with
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correlated residuals between BMI and waist, HDL, and
log triglycerides, and systolic and diastolic blood pressure;
and (5) a hierarchical structure with three first-order fac-
tors comprising obesity, lipid, and blood pressure and one
second-order factor reflecting insulin resistance or the syn-
drome itself.

Specification of these models reflect our a priori intent to
compare models 2-5 to the first model (one factor), as well
as our expectation that each of alternative models 2-5 could
appropriately capture underlying biological processes. For
example, it seemed reasonable to suspect that the obesity
measures (BMI and waist) would load together, that lipid
measures (triglycerides and HDL) would load together, and
that blood pressure measures (SBP and DBP) would load
together. Furthermore, we considered that a latent variable
might exist, namely insulin resistance; this was considered
in specifying model 1, and also in model 5 via the second-
order factor.

We evaluated the fit of each structure to the data by exam-
ining the following fit indices: the root mean squared resid-
ual (RMR), Akaike’s Information Criterion (AIC), Bayesian
Information Criterion (BIC), also known as Schwarz’s
Bayesian Criterion. These fit statistics are those considered
sensitive to models that lack necessary parameters and
which are relatively insensitive to small sample size (such
as n < 150).2422

For subjects with TIDM, we had a sufficient sample size
to allow conduct of the CFA on a split sample. Specifically,
Bernoulli random numbers (n = 1198) from Bernoulli dis-
tribution with p = 0.5 were simulated. After merging these
random numbers to youths with TIDM, those with a random
number value of 0 were in the first-half sample (n = 600), and
those with a random number value 1 were in the second-half
sample (1 = 598). The relatively small sample size of youths
with T2DM (n = 95) precluded the split sample approach in
this group.

Results

Descriptive characteristics of subjects with TIDM and
T2DM are shown in Table 1. Youths with T2DM were more
commonly of minority race/ethnicity, and had lower HDL
values as well as higher triglycerides, BMI, waist circum-
ference, and blood pressure values. The prevalence of met-
abolic syndrome in TIDM was 21.2%, compared with 92.6%
among youths with T2DM.

The CFA results are given in Table 2. For the TIDM sam-
ples, the best fit was obtained for the model of three corre-
lated factors; the worst fit was obtained for the model of one
factor. Findings were similar for T2DM, with the strongest
evidence for the best fit observed for the model with three
correlated factors. Figure 1 shows the parameter estimates
for the models of three correlated factors, for both samples
of TIDM and for T2DM, respectively. Results were similar
for all three analyses.

Discussion

CFA findings for youths with either T1 or T2DM were that
a single-factor model yielded the worst fit of the CVD risk
factor data, compared to four other prespecified models. The
best-fitting model incorporated three correlated factors: obe-
sity, lipids, and blood pressure. We suggest that etiologically
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TaBLE 1. CHARACTERISTICS OF YOUTH WITH TYPE 1 AND TYPE 2 DIABETES:

SEARCH ror DI1ABETES IN YouTH 2001-2003

Type 1 Type 2
Variables (n = 1198) (n=295)
Gender (%)
Male 47.8 316
Female 52.2 68.4
Race/Ethnicity (%)
White 78.1 20.0
African American 6.0 26.3
Hispanic 109 19.0
American Indian 09 23.2
Multiple 24 3.2
API 1.6 8.4
Others 0.2 0.0
Age (years), mean (SD) 14.83 (3.13) 16.61 (2.67)
Duration of diabetes (years), mean (SD) 5.2 (3.9) 2.1 (1.6)
HDL-C (mg/dL), mean (SD) 55.30 (12.59) 3795 (8.92)
Triglycerides (mg/dL), mean?® (SD) 70.93 (1.68) 145.31 (1.95)
BMI z-score (kg/m?), mean (SD) 0.61 (0.86) 2.18 (0.78)
Waist (cm), mean (SD) 78.84 (11.60) 11391 (15.89)
DBP (mmHg), mean (SD) 67.96 (9.43) 75.10 (10.32)
SBP (mmHg), mean (SD) 106.06 (10.55) 118.03 (11.15)
Prevalence of CVD risk factors (%)°
High blood pressure 27.24 65.63
High triglycerides 18.11 65.63
Low HDL-C 10.05 61.46
High waist circumference 21.26 95.85
Metabolic syndrome 214 92.7

aGeometric mean.

"Based on the definitions used to establish prevalence of the metabolic syndrome in nondiabetic
youth in the NHANES III population,'® with metabolic syndrome defined for youth with diabetes as
those who have at least two additional CVD risk factors listed, in addition to having Type 1 or Type

2 diabetes.

Abbreviations: API, Asian-Pacific Islander; SD, standard deviation; HDL-C, high-density
lipoprotein; BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure;

CVD, cardiovascular disease.

TaBLE 2. CVD Risk FacTtors EVALUATED BY CONFIRMATORY FACTOR ANALYsIS IN YouTHS WITH TYPE 1 AND TYPE 2 DIABETES

One factor
Two Three with

correlated correlated correlated Hierarchical
Fit statistics® One factor factors factors residuals three factors
Subjects with type 1 diabetes: first half-sample (1 = 600)
RMR 0.116 0.066 0.035 0.058 0.035
AIC 205.63 58.88 15.37 50.77 21.37
BIC 161.65 19.31 —-15.41 15.59 3.78
Subjects with type 1 diabetes: second half-sample (n = 598)
RMR 0.102 0.054 0.033 0.049 0.033
AIC 176.25 3493 12.90 32.83 18.90
BIC 132.314.61 —17.85 —2.32 1.33
Subjects with type 2 diabetes (n = 95)
RMR 0.131 0.139 0.082 0.073 0.082
AIC 26.73 26.72 —4.19 —292 1.81
BIC 3.75 6.29 —24.62 —18.24 —10.96

Bold values identify the best-fitting model, SEARCH for Diabetes in Youth 2001-2003.

Abbreviations: RMR, root mean squared residual; AIC, Akaike’s information criteria; BIC, Bayesian information criterion, also known

as Schwarz’s Bayesian Criterion.
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FIG. 1. Maximum likelihood parameter estimates from the best-fitting CVD risk factor model based on confirmatory
factor analysis: three correlated factors. (Panel 1) Youths with T1IDM first-half sample (n = 600) (top), second-half sample
(n = 598) (bottom). (Panel 2) T2DM (n = 95), SEARCH for Diabetes in Youth 2001-2003.

driven studies of CVD risk factors in youth with diabetes
consider obesity, lipids, and blood pressure as separate (but
potentially correlated) variables, rather than focus on the
metabolic syndrome.

CFA allows for tests of specific hypothesis that a pre-
specified model (e.g., one latent factor) provides a good fit
of the CVD risk factor data, compared to other models.™
Additionally, it has been argued that forcing factors to be
uncorrelated, as is done via orthogonal rotation in principal
factor analysis, is inconsistent with a priori knowledge of cor-
related biologic processes. Here, CFA is useful because the
method avoids the need to force independence among fac-
tors. Shen and colleagues® used CFA to test the goodness of
fit for a four-factor model. Results confirmed the hypothesis

of four factors (insulin resistance, obesity, lipids, and blood
pressure), and this was established for men and women
across three ethnic groups. In contrast, Pladevall et al.’ used
CFA to test the hypothesis that components of the metabolic
syndrome were best described by a single common factor
versus a four-factor model, and results favored the single
common factor.

Pladevall et al.® criticized prior work due to correlations
among variables such as SBP and DBP, triglycerides and
HDL, and waist and BMI, suggesting that such correlations
would drive results away from finding a single common
factor because those highly correlated variables represent-
ing essentially the same phenomenon would load together
to yield the respective separate phenomenon (e.g., blood
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pressure, lipids, obesity) rather thanloading on a single factor
overall. Therefore, unlike previous work, we systematically
prespecified five models that allowed not only for the single-
factor possibility but also for a priori knowledge of under-
lying biology including correlation between measures. Still,
consistent with the results of the initial exploratory princi-
pal factor analysis, CFA ruled out a single common factor
and identified three correlated factors as the best-fitting data
structure for both TIDM and T2DM.

Reaven recently suggested that clustering of risk fac-
tors would only occur in the presence of insulin resistance.’
Interestingly, in the present data, the three-correlated-factor
structure emerged both for youth with TIDM and those
with T2DM. It is possible that despite the starkly different
prevalence of the risk factors between T1IDM and T2DM, the
correlation among the three factors in the best-fitting model
may be due to unmeasured insulin resistance in both popu-
lations. It is of note, however, that the hierarchical model that
included one second-order factor (presumably representing
insulin resistance given Reaven’s argument) also did not fit
the data as well as the model of three correlated factors.

Our findings in no way argue against the importance of
insulin resistance and traditional components of the meta-
bolic syndrome in the development of cardiovascular dis-
ease in either TIDM or T2DM. Among over 200 youths with
T1DM, a wide range of insulin resistance as measured by
euglycemic clamp has been demonstrated; in this sample,
insulin resistance was associated significantly with mea-
sures of overall and central adiposity, dyslipidemia, and
blood pressure.? Increased risk for diabetes-related com-
plications and mortality has been associated with meta-
bolic syndrome components and insulin resistance in two
large TIDM cohorts.>* Interestingly, in the Pittsburgh
Epidemiology of Diabetes Complications Study cohort,®
components of three different definitions of metabolic syn-
drome predicted major diabetes-related complications bet-
ter than the overall syndrome. In a large group (1 = 1366)
T2DM patients, insulin resistance measured by homeosta-
sis model assessment-insulin resistance (HOMA-IR) was
independently associated with lipids, obesity, and hyper-
tension,” and in the Verona Diabetes Complications Study,
the presence of the metabolic syndromewas associated with
nearly a five-fold increase in CVD risk.?

Limitations

We had a limited number of individuals with T2DM,
so we were unable to conduct a split sample replication of
the CFA among youth with T2DM. This reflects the epide-
miology of diabetes in youths in which the major form of
diabetes that occurs is TIDM.? Also, the response rate for
youths registered as valid cases in SEARCH to attend the
SEARCH in-person visit was not optimal, as detailed in
Methods. However, for the issue of nonresponse to impact
substantially on the results, one would need to suppose that
the multivariate associations within subjects who did not
attend the clinic visit differed from the multivariate associa-
tions within subjects who did attend. This seems unlikely;
we consider the internal validity of these findings to be
acceptable.

Under the SEARCH protocol, individuals with clinically
diagnosed maturity-onset diabetes of the young (MODY)
were not included in the SEARCH in-person visit and
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therefore were excluded. It is possible that a small number
of individuals classified as T2DM under our criteria have
MODY, although with the high C-peptide required under our
strict definition, this is unlikely. It is also possible that some
youths who tested negative for both IA2 and GAD may be
positive for an unmeasured diabetes-related autoantibody.
Given we also required a very high fasting C-peptide level for
those classified as T2DM, we suspect that misclassification
due to unmeasured (but positive) DAA would be negligent.
Finally, given previously published findings from SEARCH
that CVD risk factor prevalence differs according to race/eth-
nicity even after adjustment for diabetes type,! it is possible
that race/ethnicity played an important role with respect to
the emergence of the three-correlated-factor solution identi-
fied in the present analyses. We did not have sufficient num-
bers within specific race/ethnic subgroups according to DM
type to evaluate the issue of race/ethnicity rigorously within
the analytic methods employed here; however, future work
in SEARCH will focus on developing this area as additional
subjects are added to the cohort over time.

In summary, for youths with either TIDM or T2DM, the
individual components of metabolic syndrome and the met-
abolic syndrome itself can be used to describe CVD risk
status for clinical or public health purposes. However, the
present results suggest that for etiologically driven studies
of CVD risk profile, metabolic syndrome may not be useful
due to heterogeneous phenomena underlying this construct.
Studies of the determinants of individually measured CVD
risk factors, and of vascular end points, are critically needed
to address long-term risk for CVD in youth with diabetes.
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