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Factors of the Insulin Resistance Syndrome in Nondiabetic and Diabetic

Elderly Japanese-American Men
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Factor analysis has previously identified four independent factors that characterize the insulin resistance
syndrome in women, interpreted as 1) weight/waist, 2) lipids, 3} insulin/glucose, and 4) systolic and diastolic
blood pressure. Becauss it is not known whether similar factors emerge for men, or for diabetics, factor
analysis was used to investigate the clustering of features characterizing the insulin resistance syndrome using
data from 3,159 eldenly (71-93 years) Japanese-American men participating in the fourth examination of the
Honolulu Heart Program during 1991-1993. Consistent with previous results, factor analysis reduced eight risk
factors (insulin, glucose, systolic blood pressure, diastolic blood pressure, triglycerides, high-density lipopro-
tein cholesterol, weight, and waist circumference) to four uncorrelated factors that explained 78.2% and
74.7% of the variance in nondiabetics (n = 2,760) and diabetics (n = 399), respectively. These factors were
interpreted as 1) weight/waist, 2) blood pressure, 3) lipids, and 4) insulin/glucose. Modest differences in the
associations between fasting insulin and factors 1, 3, and 4 were noted for diabetics. These consistently
identified composite factors may represent markers for underlying pathophysiologic mechanisms of the insulin
resistance syndrome and risk of non-insulin-dependent diabetes mellitus. Am J Epidemiol 1998;147:441-7.
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Non-insulin-dependent diabetes mellitus (NIDDM)
is an important public health problem among several
ethnic groups in the United States, including Mexican-
and Native-American populations (1-3). Perhaps less
recognized is the increased risk of NIDDM in
Japanese-Americans; the prevalence of NIDDM
among Japanese-Americans is approximately two to
four times greater than among similar-aged white men
living in the United States (4, 5). Furthermore, the
frequency of NIDDM in Japanese-American men born
between 1910 and 1939 is approximately 20 percent,
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and is similar to Mexican-Americans of the same age
(4-6). Thus, NIDDM represents a considerable public
health problem among Japanese-Americans.

The insulin resistance syndrome, characterized by a
clustering of interrelated risk factors for NIDDM and
cardiovascular disease, including dyslipidemia, hyper-
tension, glucose intolerance, obesity, and a predomi-
nance of upper body fat (7-9), may also be more
prevalent among Japanese-Americans. Although both
genetic and environmental factors are involved in
NIDDM and the insulin resistance syndrome (10-12),
the underlying basis for the clustering of insulin resis-
tance syndrome risk factors remains to be definitively
established. By better characterizing the clustering of
these risk factors, important insights into the etiology
of the insulin resistance syndrome and NIDDM may
be gained.

Factor analysis provides a method for investigating
such a set of interrelated variables and has been used
to examine the clustering of insulin resistance syn-
drome risk factors in two different samples of Cauca-
sian women, with average ages of 50 and 70 years,
respectively (13, 14). Briefly, factor analysis similarly
reduced insulin resistance syndrome risk factors, in-
cluding fasting and postload glucose and insulin, body
weight, waist circumference, systolic and diastolic
blood pressure, high-density lipoprotein (HDL) cho-
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lesterol, triglycerides, and low-density lipoprotein
peak particle diameter (a measure of low-density li-
poprotein size), to four uncorrelated composite vari-
ables, or “factors” (13, 14). In both studies, these
factors were interpreted as 1) body mass/fat distribu-
tion, 2) insulin/glucose, 3) lipids, and 4) blood pres-
sure (13, 14). The consistency of these findings sug-
gests that the composite factors may represent markers
for underlying pathophysiologic mechanisms of the
insulin resistance syndrome. However, it is not known
if similar factors emerge among men, among diabetics,
or among ethnic groups at higher risk for NIDDM.

Thus, the purposes of this paper are 1) to use factor
analysis to determine whether the same set of four
factors emerge in a sample of older Japanese-
American men living in Honolulu, Hawaii, and 2) to
then determine if the clustering of features is similar
among nondiabetic and diabetic men.

MATERIALS AND METHODS
Study subjects

The Honolulu Heart Program is a longitudinal epi-
demiologic study initiated in 1965 to identify risk
factors for cardiovascular disease among a cohort of
8,006 Japanese-American men living on the island of
Oahu and born between 1900 and 1919 (15). The
baseline examination, conducted between 1965 and
1968, was followed by two examinations including
more than 90 percent of the original cohort. A third
comprehensive examination was conducted between
1971 and 1974. Finally, the fourth, and most recent,
comprehensive examination of elderly survivors of the
cohort was conducted between 1991 and 1993. A total
of 4,678 men were eligible for this examination, and
3,742 participated, for a response rate of 80 percent.
The data from this examination forms the basis of the
present report.

Data collection

Both anthropometric and laboratory measurements
were performed as part of the fourth examination.
Height and weight were measured with subjects in
light clothing and without shoes; body mass index was
calculated as weight (kg) divided by height squared
(m?). Waist circumference was measured at the level
of the umbilicus with the participant standing erect.
Blood pressure was measured while the subject was
seated using a standard manometer. Systolic blood
pressure was defined as the point of first appearance of
Korotkoff sounds, and diastolic blood pressure was
defined as the point of disappearance of Korotkoff
sounds. Two readings were taken on the right arm by
a trained technician using an appropriate sized cuff.

The average of the two measurements was used in all
analyses.

Following a 12-hour overnight fast, samples were
collected for lipid and lipoprotein determinations, and
were performed using the same laboratory and meth-
ods used in the Cardiovascular Health Study (16, 17).
Specifically, fasting serum cholesterol, HDL choles-
terol, and triglycerides were determined using an
Olympus Demand System (Olympus Corporation,
Lake Success, NY), and were standardized according to
the Centers for Disease Control and Prevention (17).

Plasma glucose and insulin levels were also mea-
sured after a 12-hour fast. Insulin determinations were
performed at the Diabetes Endocrinology Research
Center Core Radioimmunoassay Laboratory, North-
west Lipid Research Laboratories, Seattle, Washing-
ton, using a double-antibody radioimmunoassay (18).
Plasma glucose levels were measured by the glucose
oxidase assay (19), at the University of Vermont,
Burlington, Vermont.

Information on medication use, including medica-
tions for hypertension, cholesterol lowering, and dia-
betes, was also collected at the time of the examination
by a trained interviewer. Diabetes was defined using
self-reported history, and/or treatment at the fourth
examination.

From the initial sample of 3,742 men, a total of 425
were missing data for either fasting insulin and/or
glucose (n = 283), body weight (n = 6), diastolic
blood pressure (n = 3), or diabetes status (n = 133),
and were excluded from all analyses. An additional 79
men with triglyceride levels greater than 400 mg/dl
were excluded from the analysis, and diabetic men
who were taking insulin were also excluded (n = 79).
After these exclusions, there were 2,760 nondiabetic
and 399 diabetic men with complete data included in
the analysis.

Statistical analysis

Student’s ¢ test was used to compare mean values of
age and other risk factors for the insulin resistance
syndrome in nondiabetics and diabetics. Insulin and
triglyceride levels were transformed using the natural
log, however, the back transformed values are pre-
sented in the tables. Relationships between individual
features of the insulin resistance syndrome were ini-
tially examined using Pearson’s correlation coeffi-
cients. Due to the large number of comparisons, a
significance level of p < 0.01 was used in all analyses.

Factor analysis. Factor analysis was used to inves-
tigate relationships among the correlated risk factors
for the insulin resistance syndrome by identifying pre-
sumed underlying “factors” stratified by diabetes sta-
tus (13). Briefly, factor analysis is a three step process:
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1) extraction of the initial components, using principal
component analysis, 2) rotation of the components,
resulting in factors, and 3) interpretation of the factors
(20, 21).

Principal component analysis. Principal compo-
nent analysis was used to extract the initial set of
uncorrelated components (20). For comparison with
previous results in women (13, 14), four components
were retained in this analysis. However, because post-
load insulin and glucose determinations were not
available for over 1,100 subjects, postload values were
not included in the factor analysis.

Rotation of principal components. Each of the four
components was rotated to facilitate their interpreta-
tion, and are then referred to as factors. An orthogonal
rotation (Varimax rotation) was used in this analysis to
obtain the factors, maintaining their independence (20,
22). That is, each factor is statistically uncorrelated
with every other factor.

Interpretation of factors. Factor loadings, equiva-
lent to Pearson’s correlation coefficients between each
variable and each factor, were used to interpret the
factors. However, only those variables sharing at least
15 percent of the variance with the factor were used
for interpretation (20), corresponding to a factor load-
ing with an absolute value =0.40. Although not used
for interpretation, significant factor loadings (p <
0.01) are also noted in the tables. SAS software was
used for all analyses (23).

RESULTS

Table 1 presents characteristics of the study sample
and descriptive statistics. The average age of men in
this study was approximately 77 years (range 71 to 93
years), and was nearly identical for nondiabetic and
diabetic men. On average, nondiabetics weighed sig-
nificantly less, had a smaller waist circumference, and
higher HDL cholesterol levels. Mean levels of log-

transformed triglycerides were not significantly differ-
ent in nondiabetics compared with diabetics, although
the mean value was higher for diabetics. As expected,
log-transformed fasting insulin and glucose levels
were significantly lower among nondiabetics (p <
0.01), compared with diabetics. Diastolic blood pres-
sure was significantly higher in the nondiabetic sub-
jects, however, there was no statistically significant
difference in systolic blood pressure.

Correlations among the variables of the insulin re-
sistance syndrome are reported separately for nondia-
betic and diabetic study subjects in table 2. Among
both nondiabetic and diabetic subjects, body weight
and waist circumference were highly, and signifi-
cantly, correlated. Also, in both nondiabetics and dia-
betics, HDL cholesterol was significantly inversely
correlated with body weight and waist circumference,
while triglycerides showed positive correlations with
these variables. As expected, triglycerides and HDL
cholesterol were significantly inversely correlated (13)
in both groups. Fasting glucose was inversely corre-
lated with HDL cholesterol in both nondiabetic and
diabetic subjects, but was not significant. Systolic and
diastolic blood pressure were significantly correlated
with each other, but were not strongly associated with
any other risk factor, in both groups.

Although most correlations were similar in nondia-
betics and diabetics, some differences were noted.
Fasting insulin was inversely correlated with HDL
cholesterol in nondiabetics, however, the correlation
was not significant among diabetics. Similarly, the
correlations between fasting insulin and both HDL
cholesterol and triglycerides were reduced to nonsig-
nificant levels in the diabetic subjects. Finally, the
correlations between fasting insulin and body weight,
waist circumference, and fasting glucose were reduced
but remained significant in the subjects with diabetes.

TABLE 1. Characteristics of study subjects stratified by diabetes status, Honolulu Heart Program,
1991-1993
Nondlabetics Diabetics
(n=2,780) (n= 399)
Mean (SDT) Mean (8D}
Age (years) 776 (4.6) 77.4 (4.2)
Weight (kg) 61.1 (9.4) 62.8* (10.3)
Walst (cm) 85.8 (8.6) 87.4* (9.3)
HDL+t cholesterol (mg/dl) 52.0 (13.1) 48.6* (13.7)
Triglycerides (mg/dl) 124.2 (1.6) 1314 (1.6)
Systolic blood prassure (mmHg) 149.5 (23.3) 151.1 (23.8)
Diastofic blood pressure (mmHg) 80.4 (11.0) 77.7* (11.6)
Fasting glucose (mg/dl) 105.8 (15.7) 149.1+ (44.8)
Fasting insulin (mg/di) 12.0 (1.7) 15.3* (1.8)

* p < 0.01, based on Student’s t test.

t HDL, high density lipoprotein; SD, standard deviation.
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TABLE 2. Correlations between variables of the Insulin resistance syndrome by dlabetes status,
Honolulu Heart Program, 1991-1993

F F Sysilic  Dlastolic HDL
wast  f2o m w’:;f’udm poad  Triglycerides crntasioro

Waelight

Nondiabetic 0.82* 0.41* 0.16 -0.05 0.1 0.24% -0.32*

Diabetic 0.85* 0.21* 0.15 0.01 0.15 0.19 —0.26*
Waist

Nondiabetic 0.42* 0.15 -0.01 0.09 0.26* —0.33*

Diabetic 0.23* 0.12 0.06 0.14 0.23* -0.27*
Fasting insulin

Nondiabsetic 0.31* 0.03 0.06 0.32* -0.31*

Diabetic 0.23* -0.03 0.10 0.15 -0.12
Fasting glucose

Nondiabetic 0.06 0.00 0.19 -0.14

Diabetic -0.13 -0.03 0.18 -0.18
Systolic blood pressure

Nondiabetic 0.55* 0.09 0.00

Diabetic 0.50* 0.02 0.07
Diastolic blood pressure

Nondiabetic 0.12 -0.03

Diabetic 0.14 -0.01
Triglycerides

Nondiabetic -0.46*

Diabetic -0.40*
*p<0.01.

1 HDL, high density lipoprotein.

Factor analysis

As shown in tables 3 and 4, four components were
retained in the factor analysis, explaining 78.2 percent
and 74.7 percent of the variance in the data for non-
diabetics and diabetics, respectively.

Among nondiabetics (table 3) factor 1 was charac-
terized by positive factor loadings for body weight,
waist circumference, diastolic blood pressure, triglyc-

TABLE 3. Results of factor analysis for nondiabetic
Japanese-American men (n = 2,760), factors and factor
loadingst, Honolulu Heart Program, 1991-1983

erides, fasting insulin, and fasting glucose. Systolic
blood pressure and HDL cholesterol were negatively
correlated with this factor. Of these variables, only
body weight, waist circumference, and fasting insulin
were significantly correlated with factor 1. Due to the
large factor loadings for body weight and waist cir-
cumference, this factor was interpreted as a “body
weight/fat distribution” factor, and explained 25.0 per-
cent of the variance in the data.

TABLE 4. Results of factor analysis for diabetic Japanese-
American men (n = 398), factors and factor loadingst,
Honolulu Heart Program, 1991-1993

Factors Factors
Variable Variable

1 2 3 4 1 2 3 4
Body weight 0.93* 0.01 0.14 0.08 Body weight 0.94* 0.03 0.13 0.10
Waist circumference 0.92* 0.02 0.16 0.07 Walst circumference 0.94* 0.07 0.15 0.09
Diastolic blood pressure 0.12 0.88* 004 -0.05 Diastolic blood pressure 0.09 0.85* 0.08 0.1
Systolic blood pressure -0.08 0.88* 0.03 0.08 Systolic blood pressure 0.00 0.86* -0.06 -0.12
Triglycerldes 0.09 0.11 0.83* 0.16 Triglycerides 0.07 0.16 0.80* 0.09
HDL$ cholesterol -0.23 0.04 —0.82* -0.02 HDL$ cholesterol -0.21 0.07 -0.78* 0.02
Fasting insulin 0.46* 0.03 0.29 0.52* Fasting Insulin 0.16 0.08 0.00 0.91*
Fasting glucose 0.04 0.01 0.06 0.94+ Fasting glucose 000 -0.20 0.43* 0.44*
% total varlance 25.0 19.5 18.8 14.9 % total variance 23.3 19.3 18.7 13.4
% cumulative variance 25.0 445 63.3 78.2 % cumulative varlance 233 42.6 61.3 74.7
* p<0.01. *p<0.01.

tFactor loadings represent the correlation between the
individual variable and each factor. Components are rotated using
Varimax rotation to obtain factors.

1 HDL, high density lipoprotein.

1 Factor loadings represent the correlation between the
individual varlable and each factor. Components are rotated using
Varimax rotation to obtain factors.

1 HDL, high density lipoprotein.
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Factor 2 among nondiabetics was characterized by
positive factor loadings for all variables, with strong
loadings for systolic and diastolic blood pressure, and
very small loadings for all other variables. This factor
was then interpreted as a “blood pressure” factor, and
explained 19.5 percent of the variance. Factor 3 was
characterized by large factor loadings for HDL cho-
lesterol and triglycerides, and was interpreted as a
“lipid” factor, explaining 18.8 percent of the variance.
Only fasting insulin and fasting glucose were signifi-
cantly associated with factor 4, while all other vari-
ables had very small nonsignificant loadings. Thus,
this factor was interpreted as an “insulin/glucose” fac-
tor, explaining 14.9 percent of the variance.

Table 4 presents the results of the factor analysis in
diabetics not taking insulin. Four similar factors were
retained, and the amount of variance explained by
each factor was also similar: factor 1 explained 23.3
percent of the variance, factor 2 explained 19.3 per-
cent, factor 3 explained 18.7 percent, and factor 4
explained the remaining 13.4 percent of the variance.
The clustering of features on the four factors, as well
as the magnitude and direction of the factor loadings,
were very similar to those identified among the non-
diabetics (table 3). Factor 1 was again interpreted as a
“body weight/fat distribution” factor, with similar
loadings for body weight and waist circumference
(0.94 and 0.94 for diabetics, compared with 0.93 and
0.92, for nondiabetics, respectively). However, the
loading for fasting insulin on factor 1 was decreased
among diabetics (0.16 versus 0.46 for diabetics and
nondiabetics, respectively). Similar to nondiabetics,
factor 2 was characterized by positive and significant
factor loadings for systolic and diastolic blood pres-
sure, and was interpreted as a “blood pressure” factor.
Factor 3 was again interpreted as a “lipid” factor,
however, fasting glucose loaded more highly among
diabetics compared with nondiabetics (0.43 versus
0.06, respectively). Also, in contrast to nondiabetics,
fasting insulin was not correlated with factor 3. Factor
4 was again interpreted as an “insulin/glucose” factor.
However, among diabetic subjects, fasting insulin had
a larger loading on factor 4 (0.91 versus 0.52 for
diabetics and nondiabetics, respectively), and fasting
glucose had a smaller factor loading (0.44 versus 0.94,

respectively).

DISCUSSION

In this study, factor analysis was used to reduce
interrelated risk factors for the insulin resistance syn-
drome to four uncorrelated factors in a sample of more
than 3,000 older, Japanese-American men. Four fac-
tors that together explained over 75 percent of the
variance in the data, were identified in both non-
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diabetic and diabetic subjects and were interpreted as:
1) body weight/fat distribution, 2) blood pressure,
3) lipids, and 4) insulin/glucose.

These four factors identified in men are very similar
to those identified in two previous reports of nondia-
betic women (13, 14). First, in a sample of younger
women (mean age 49.7 £ 12.6 years), four factors
were identified and interpreted as: 1) body weight/fat
distribution, 2) insulin/glucose, 3) lipids, and 4) blood
pressure. In addition to comparable interpretations for
each of the four factors, the factor loadings themselves
were also very similar in magnitude to those reported
here. For example, the factor loadings for the body
weight/fat distribution factor were 0.92, 0.87, and 0.61
for body weight, waist circumference, and fasting in-
sulin, respectively (13), compared with 0.93, 0.92, and
0.46, respectively, in this study (table 3), and 0.91,
0.83, and 0.46, respectively, in older women (14). It is
interesting to note that the body weight/fat distribution
factor explained the largest proportion of total vari-
ance in the data in each of the three studies (ranging
from 20 to 25 percent). Finally, the consistent identi-
fication of a “body weight/fat distribution” factor
across these three different groups may reflect a com-
mon role for this combination of risk factors in the
insulin resistance syndrome, and possibly NIDDM.

Also consistent with previous results is the identifi-
cation of a blood pressure factor. This factor has had
remarkably similar factor loadings for systolic and
diastolic blood pressure across all three groups; 0.88
for both systolic and diastolic blood pressure in this
study, compared with 0.84 and 0.85, respectively, in
postmenopausal women (14), and 0.86 for both in
younger women (13). Interestingly, the blood pressure
factor explained a slightly larger proportion of the total
variance in both older men and older women (approx-
imately 14 percent), compared with 9 percent in the
sample of younger women (13, 14). Further, blood
pressure was not highly correlated with lipid values in
this study, or in the two previous studies in women
(13, 14).

Postload glucose and insulin were not included in
this analysis of Japanese-American men since only a
subset of the men received an oral glucose tolerance
test (n = 2,023), and because postload insulin is a less
reliable marker of insulin resistance among diabetics
(24). Despite this difference, a similar insulin/glucose
factor emerged, although the proportion of variance
explained by this factor was slightly less than in the
two previous reports in women, 14 percent versus
approximately 16-22 percent, respectively (13, 14).
Although a measure of low density lipoprotein size
heterogeneity was also not available in this sample, a
similar lipid factor also emerged for men, and consis-






