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Clustering of elevated triglycerides, decreased high-density lipoprotein cholesterol (HDL-C), hyperuricemia, diabetes, and 
hypertension has been related to insulin resistance/high insulin levels and central and/or overall obesity. The extent to which 
these abnormalities cluster and whether hyperinsulinemia, central adiposity, and overall obesity each independently associate 
with this clustering were evaluated in 14,481 US whites and African-Americans 45 to 64 years of age. With the exception of 
hypertension, abnormalities rarely existed in isolated form. Clustering greatly exceeded chance association (P < ~001). 
Although this clustering was greater in relative terms (ratio of observed to expected cluster frequency) in the lean and less 
centrally obese, it was greater in absolute terms (observed minus expected cluster frequency as a percent of total population) in 
the more centrally and more generally obese. The greatest excesses were found for clusters that included both hypertriglyceri- 
demia and low HDL-C. Multiple logistic regressiOn models showed strong and independent graded relationships of clusters 
with quintiles of fasting insulin (fifth quintile odds ratio, 10 to 54, P < .001) and to a lesser degree with quintiles of the waist to 
hip ratio (2.2 to 5.4, P < .001 for most) and of body mass index (1.6 to 4.5, P < .05 for most). In conclusion, all abnormalities 
cluster in excess of that predicted by chance, with clusters showing remarkable and graded independent associations with 
fasting hyperinsulinemia and to a lesser extent with central and overall obesity. Thus, a metabolic syndrome occurs in both lean 
and obese middle-aged US adults. 
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H YPERTRIGLYCERIDEMIA,  low high-density lipo- 
protein cholesterol (HDL-C), hyperuricemia, hyper- 

tension, and diabetes are each common conditions in adult 
life and frequently coexist. However, it has been shown that 
they cluster within individuals more often than predicted by 
chance.l-3 

Traditionally, obesity has been Viewed as the link for such 
nonrandom clustering. In the 1950s, android obesity was 
proposed by Vague 4 to be the factor determining predispo- 
sition to diabetes, hypertension, atherosclerosis, gout, and 
uric calculous disease. Empirical evidence, although based 
on measurements different from those used by Vague, has 
now accumulated in support of his ideas, su2 and pathogenic 
mechanisms have been recently described. 13,I4 

The relations of insulin to cardiovascular disease 15-19 and 
risk factors 8,20-24 have been extensively studied, raising the 
hypothesis that hyperinsulinemia is the link between these 
abnormalities. More recently, the characterization of this 
clustering as syndrome X 2s or the insulin resistance syn- 
drome 26 attributes the aggregation primarily to insulin 
resistance. Proposed pathogenic mechanisms related to 
insulin resistance have been recently summarized 27-29 and 
the relative roles of hyperinsulinemia and insulin resis- 
tance 3°-32 debated. 

Generally greater associations between insulin levels and 
cardiovascular disease risk factors in the lean versus the 
obese have been recently described, 33 but the degree of 
clustering at different levels of central and overall obesity 
has not been well characterized. 

The large population sample of middle-aged adults 
examined by the Atherosclerosis Risk in Communities 
(ARIC) Study permits a broad assessment of this clustering 
and its association with putative underlying Causes. Thus, 
the purposes of this report  are (1) to investigate the extent 
to which clustering of hypertriglyceridemia, low HDL-C, 
diabetes, hypertension, and hyperuricemia exceeds chance 
in middle-aged adults; (2) to examine the degree to which 

excess clustering occurs in different categories of obesity; 
and (3) to assess the independent associations of fasting 
insulin level, central body fat, and overall obesity with this 
clustering. 

SUBJECTS AND METHODS 

The ARIC Study investigated 15,800 men and women aged 45 to 
64 years selected by probability sampling from four US communi- 
ties from 1987 to 1989, as described elsewhere34: Forsyth County, 
NC, Jackson, MS, the suburbs of Minneapolis, MN, and Washing- 
ton County, MD. After excluding American Indian and Asian 
individuals, persons who fasted less than 12 hours, or those who 
had missing information on laboratory values, 14,481 individuals 
remained for analysis. 
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Glucose level was measured by a hexokinase/glucose-6-phos- 
phate dehydrogenase method. Insulin was determined by a radioim- 
munoassay (125I-insulin Kit: Cambridge Medical Diagnostics, Bil- 
lerica, MA) with a lower limit of sensitivity of i ~zU/mL. interassay 
coefficient of variation of 9.3% a! a mean of 26 ixU/mL, and 
cross-reactivity with proinsulin of 33%. Uric acid was assayed by 
the method of Haeckel. 35 Total triglycerides 36 and HDL-C were 
determined by enzymatic methods. 37 

Physical measures were obtained with participants in the fasting 
state, after voiding. Waist circumference at the umbilicus and 
maximum hip circumference were measured. Sitting systolic and 
diastolic blood pressure were taken three times after a 5-minute 
rest using a random-zero sphygmomanometer. 

Prevalent diabetes mellitus was defined as a fasting (12 hours) 
serum glucose of at least 140 mg/dL 38 and/or a previous diagnosis 
of diabetes [a report of the medical diagnosis and/or of the use of 
hypoglycemic medications); hypertension as blood pressure of at 
least 1413/90 mm Hg 39 and 'or use of antihypertension medication; 
low HDL-C as HDL-C less than 35 mg/dL; hypertriglyceridemia as 
triglycerides of at least 200 mg dL4°: and hyperuricemia as uric 
acid of at least 8 mg/dL. 41 High body mass index was defined as a! 
least 27.3 for women and 27.8 for men, and a high waist to hip ratio 
as a value above the sex-specific medians of the sample {0.896 for 
women and 0.963 for men). 

Clusters of abnormalities were defined by pairs of specified 
abnormalities regardless of the presence of additional abnormali- 
ties. Combination beyond chance of these pair-defined clusters was 
assessed by comparing observed with expected frequencies, assum- 
ing independent distributions of the individual abnormalities. The 
expected relative frequency of a cluster was calculated as the 
product of the relative overall frequency of each of its two defining 
abnormalities. For example, the expected relative frequency of the 
cluster of low HDL-C with diabetes is equal to the relative 
frequency of low HDL-C times the relative frequency of diabetes. 
The statistical significance of the association beyond chance of 
combinations was evaluated through chi-square testing. 

The occurrence of clusters was studied in relation to quintiles Of 
serum insulin, waist to hip ratio, and body mass index with multiple 
logistic regression 42 controlling for the effects of age, ethnicity, 
gender, and ethnicity/gender interaction. The reference group in 
these models was composed of individuals presenting no more than 
one abnormality. Colinearity between the independent variables of 
the models was examined in a multiple linear regression model 
through evaluation of their variance inflation factors. 43 

RESULTS 

Table 1 presents the frequency of each of five metabolic 
abnormalities according to the study definition. Hyperten- 
sion was the most frequent condition, especially in its 
isolated form. The presence of the other four abnormalities 
in isolated form was much less common. 

Table 2 compares observed and expected frequencies of 

Table 1. Frequency of Metabolic Abnormalities in the Study Sample 
of 14,481 Men and Women Aged 45 to 64 Years: ARIC Baseline 

Survey, 1987 to 1989 

Abnormality No: % % Isolated* 

High triglycerides 1,929 13.3 2.8 
Low HDL-C 2,180 15.1 4.9 
Diabetes 1,208 8.3 1.8 
High uric acid 1,627 11.2 2.3 
Hypertension 4,919 34.0 18.3 

*Present in the absence of any of the other 4 abnormalities. 

the 10 possible clusters defined by distinct pairs of abnor- 
malities. An excess of observed pairs above that expected by 
Chance was seen in every case (P < .001). The excess was 
most notable for the cluster of high triglycerides with low 
HDL-C. In relative terms, its observed frequency was three 
times as great as that expected by chance alone (column 3). 
In absolute terms, 576 (866 - 290) more individuals pre- 
sented with this cluster than were expected by chance, 
representing 4% of all individuals studied (column 4). 
Thus, 66% of all observed clusters of HDL-C with hypertri- 
glyceridemia occurred in excess of chance (column 5). 
Other Clusters often occurring in excess of chance were 
those defined by the presence of high triglycerides, low 
HDL-C, or hypertension with diabetes or with high uric 
acid. The three pairs with a lesser degree of excess 
clustering were hypertension with either high triglycerides 
or 10w HDL-C, and diabetes with high uric acid. 

To assess the extent to which clustering of abnormalities 
was due to diabetes, analyses were repeated excluding 
diabetic individuals. Similar results were found for all 
remaining pair-defined clusters (data not shown). 

Excess clustering was also seen after stratification by 
categories of overall and central obesitY. Although there 
was a statistically significant excess (P < .001) for most 
pair-defined clusters in all strata, the excess of the cluster of 
HDL-C with high triglycerides was again notable in all 
strata (Table 3). An overall pattern contrasting greater 
relative (observed/expected) excess clustering with lesser 
absolute ( [observed-  expected]/total) excess clustering 
was generally seen in lean subjects and in those with lower 
waist to hip ratios. 

Next, associations of these abnormalities with fasting 
insulin levels, the waist to hip ratio, and body mass 
index--three purported factors underlying the nonrandom 
clusterings--were examined. This was done first for the 
abnormalities individually, and then for their clusters. 

The prevalence of each abnormality increases monotoni- 
cally along the quintile gradient of each of the three factors, 
with the increase being remarkably similar for each of these 
factors. However, of note is the high prevalence of hyperten- 
sion at the low quintiles of the purported underlying factors 
(Fig 1). 

To assess whether these three factors associated indepen- 
dently with the presence of clusters, logistic regression 
models were fitted for each of 10 possible pair:defined 
clusters. The reference category consisted of individuals 
presenting no more than one abnormality. Dummy vari- 
ables for quintiles of insulin, waist to hip ratio, and body 
mass index, the main predictor variables, were included 
together in all models. Age, ethnicity, gender, and ethnicity/ 
gender interaction were treated as control variables. Dia- 
betic individuals receiving insulin treatment were excluded 
from these analyses. 

The odds for the occurrence of a cluster increased 
markedly with increasing insulin level (quintile 1 being the 
reference category), beginning at the second quintile and 
reaching high and statistically significant values at the 
fourth and fifth quintiles (varying from 10.0 to 54.4 for the 
fifth quintile, P < .001; Table 4). This effect was indepen- 
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Table 2. Comparison of Observed and Expected Frequencies of Clusters in 14,481 Men and Women Aged 45 to 64 Years: ARIC Baseline Survey, 
1987 to 1989 

Observed/Expected (Observed - Expected)/Total (Observed - Expected)/Observed 
Clusters Observed Expected Ratio* (%)* (%) 

Hypertriglyceridemia with 
Low HDL-C 866 290 3.0 4.0 66 

Diabetes 384 161 2.4 1.5 58 
Hyperuricemia 469 217 2.2 1.7 54 

Hypertension 932 655 1.4 1.9 30 

Low HDL-C with 
Diabetes 349 182 1.9 1,2 48 

Hyperuricemia 471 245 1.9 1.6 48 

Hypertension 840 741 1.1 0.7 12 

Diabetes with 
Hyperuricemia 181 136 1.3 0.3 25 

Hypertension 715 410 1.7 2.1 43 

Hyperuricemia with 
Hypertension 988 553 1.8 3.0 44 

NOTE. Clusters were defined by the presence of 2 specified abnormalities regardless of whether accompanied by additional abnormalities. 

*All clusters were observed in frequencies statistically significantly greater than expected (P < .001). 

dent of waist to hip ratio and body mass index. Although a 
similar pattern was observed with the quintiles of waist to 
hip ratio, the odds ratios were of smaller magnitude 
(varying from 2.2 to 5.4 for the fifth quintile) and not always 
statistically significant. With body mass index, the odds 
ratios were generally even smaller (varying from 1.6 to 4.5 
for the fifth quintile) and also not always statistically 
significant. No important colinearity between these three 
independent variables was found, since the variance infla- 
tion factor for each variable was less than 3. Large and 
statistically significant associations were also seen when the 
relationship between insulin quintiles and clustering was 
examined separately in the lean and in the obese using 
similar logistic regression models (data not shown). 

To assess whether clustering due to diabetes could be 
responsible for these large associations, we repeated the 

analyses excluding diabetic individuals. The results were 
similar for all clusters that remained (Table 5). 

DISCUSSION 

A significant excess frequency existed for all 10 possible 
pair-defined clusters (P < .001). Clusters composed of high 
triglycerides with low HDL-C were the most notable in both 
relative and absolute terms, consistent with the current 
understanding of the intimate relationship between triglyc- 
eride and HDL metabolism. 27 Hypertriglyceridemia with 
diabetes was the next most prominent pair in relative terms, 
and hyperuricemia with hypertension in absolute terms. 
The least prominent clusters were defined by the pairs of 
hypertension with low HDL-C and diabetes with hyperuri- 
cemla. The low degree of clustering of this latter pair is 
probably explained by the increased renal excretion of uric 

Table 3. Variation of Observed and Expected Frequencies of Clusters Across Levels of Body Mass Index and Waist to Hip Ratio in 14,481 
Subjects Aged 45 to 54 Years: ARIC Baseline Survey, 1987 to 1989 

Observed/Expected Ratio (Observed - Expected)/Total (%) 

Body Mass Index Waist to Hip Ratio Body Mass Index Waist to Hip Ratio 

Clusters Low High Low High Low Hig h Low High 

Hypertriglyceridemia with 

Low HDL-C 3.6 2.4 4.1 2.3 2.6 5.3 2.2 5.1 

Diabetes 2.6 1.9 2.5 1.8 0.6 2,2 0.4 2.1 
Hyperuricemia 2.9 1.6 3.2 1.6 1.1 1.9 1.1 1.9 

Hypertension 1.6 1.2 1.5 1.2 1.3 1.5 1.0 l .g 
Low HDL-C With 

Diabetes 2.5 1.5 2.2 1.5 0.7 1.3 0.4 1.4 

Hyperuricemia 2.2 1.6 2.4 1.6 0.9 1.9 l .g 1.7 
Hypertension 1.1 1.0 1.2 1.0 0.4 0.1 0.5 0.1 

Diabetes with 

Hyperuricemia 1.5 1.0 1.8 1.0 0.2 -0.1 0,2 0 
Hypertension 1.9 1.4 2.0 1.5 1.0 2.5 1.0 2.5 

Hyperuricemia with 

Hypertension 2.2 1.4 2.3 1.5 2.0 3.1 2.4 3.0 

NOTE, All clusters were observed in frequencies statistically significantly greater than expected (P < .001), with the exception of the clusters of low 

HDL-C with hypertension and diabetes with hyperuricemia. In the obese and in individuals with a high waist to hip ratio, these latter clusters wf~re not 
statistically significant (P > .05), whereas in the lean and in individuals with a low waist to hip ratio, they were (P < .05). 
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Fig 1. Prevalence of selected 
metabolic abnormalities in 14,481 
men and women aged 45 tO 64 
years across quintiles of insulin, 
waist to hip ratio, and body mass 
index (ARIC Baseline Survey, 
i987 to 1989). Insulin, 0;  waist 
to hip ratio, El; body mass index, 
A. 

Table 4. Odds Ratios for the Independent Associations of Insulin r Waist tO Hip Ratio, and Body Mass Index With Clustering in Men and Women 
Aged 45 to 64 Years: ARIC Ba-~eline Survey, 1987 to 1989 

Insulin Quintiles Waist to Hip Ratio Quintiles Body Mass Index Quintiles 

Clusters II III IV V II III IV V II III IV V 

Hypertriglyceridemia with 
Low HDL-C 1.6 3.0¢ 5.91: 15.5$ 1.8* 2.4$ 2.5¢ 3.6¢ 1.9t 1.6* 1.9t 2.1 $ 
Diabetes 1.4 2.5 5.1:[: 22.2¢ 1:2 1.9 2.9t 5.4¢ 1.6 1.1 2.0 2.4* 
Hyperuricemia 2.1 3.2t 6.7¢ 25.1~: 1.8 2.9$ 3.0$ 4.1$ 1.4 1.6 2.0" 1.8 
Hypertension 1.8" 3.3¢ 5.5¢ 17.85 1.3 2.0~: 2.3¢ 3.6¢ 1.4 1.5* 1.8t 1.6" 

Low HDL-C with 
Diabetes 0.9 2.1 2.7* 15.6¢ 1.2 2.6* 2,9" 5.2$ 1.6 1.6 1.7 2.6* 
Hyperuricemia 2.5 4.4:1: 10.5:1: 31.6:1: 1.3 1.6 1,8" 2.31" 1.8 2.6t 3.2¢ 3.3¢ 
Hypertension 1.9" 3.2~: 5.4~; 15.6¢ 1.4 1.8t 2,0¢ 2.6$ 1.4 1.8t 2.2¢ 2,6:[: 

Diabetes with 
Hyperuricemia 3.8 6.4 11.4* 54.4~: 0.6 1.0 1,0 2.2 0.5 3.3 3.6* 4.5* 
Hypertension 1.3 1.9" 312¢ 10.0:1: 1.2 1.8" 2.1t 3.9:[: 1.2 1.3 1.7" 2.5:1: 

Hyperuricemia with 
Hypertension 1.5 2.4$ 4.45 11.1¢ 1,3 1.9~; 1.9¢ 2.3¢ 1.1 1.4 1.61- 2.2$ 

NOTE. Odds ratios obtained from 10 logistic regression models wherein the dependent Variables are the presence of I given cluster; the exposure 
variables quintiles of insulin, waist to hip ratio; and body mass index; and the control variables age, ethnicity, sex, and ethnicity/sex interaction. The 
reference exposure category is always the first quintile of each factor; the reference end-point category is composed of individuals presenting no 
more than 1 abnormality. Individuals receiving insulin treatment are excluded from these analyses. The lowest values (cutoff points) for insulin 
quintiles 2 through 5 were 6, 8, 11, and 16 ~U/mL; for Waist to hip ratio, 0.918, 0.950, 0.979, and 1.01 for men and 0.822, 0.874, 0.9i9, and 0.968 for 
women; for body mass index, 24.1, 26.1, 27.9, and 30.5 for men and 22.6, 25.2, 28.1, and 32.3 for women. 

*P < .05. 
tP < .01. 
:I:P < .001. 
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Table 5. Odds Ratios for Independent Associations of Insulin With 
Clustering in Nondiabetic Men and Women Aged 45 to 64 Years: 

ARIC Baseline Survey, 1987 to 1989 

Insulin Quintiles 

Clusters II III IV V 

Hypertriglyceridemia with 
Low HDL-C 1.6 2.8t 6.1:~ 14.1:1: 
Hyperuricemia 2.1 3.11" 6.5~t 22.9T 
Hypertension 1.9" 3.4:1: 5.8~: 17.55 

Low HDL-C with 
Hyperuricemia 2.3 4.0t 10.4~t 27.7:1: 
Hypertension 1.9" 3.1~t 5.3:1: 13.2T 

Hyperuricemia with 
Hypertension 1.5 2.4~t 4.4~t 10.7T 

NOTE. Odds ratios obtained from 6 logistic models wherein the 
dependent variables are the presence of 1 given cluster; the exposure 
variables, quintiles of insulin, waist to hip ratio, and body mass index; 
and the control variables, age, ethnicity, sex, and ethnicity/sex interac- 
tion. The reference exposure category is always the first quintile of 
insulin; the reference end-point category is composed of individuals 
presenting no more than 1 abnormality. Individuals with diabetes are 
excluded from these analyses. The lowest values (cutoff points) for 
insulin quintiles 2 through 5 were 6, 8, 11, and 16 ixU/mL, respectively. 

*P < .95. 
tP < .01. 
~P < .001. 

acid in the presence of hyperglycemia. 44 We have no 
explanation for the lack of clustering of the former pair. 

Excess clustering was seen in both the lean and the obese 
and in those with or without a high waist to hip ratio. In the 
less centrally and generally obese, the excess clustering was 
statistically significant for all 10 pairs, and in relative terms 
wasconsistently more pronounced than in the more obese. 
To our knowledge, these observations have not been 
previously reported. They are consistent with previous 
reports of weaker correlations of insulin with hypertension 
and other cardiovascular risk factors in the obese. 33,45 
However, the greater absolute excess of clusters of nearly 
all types in persons generally and centrally obese empha- 
sizes the greater impact, and thus the greater public health 
implications, of this clustering for the obese. 

Independent graded associations with clustering were 
seen across quintiles of fasting insulin, waist to hip ratio, 
and body mass index (Table 5). In this sample of US whites 
and African-Americans, unlike the sample composed of 
Mauritians, 3 the independent association of fasting insulin 
with clustering was considerably stronger than the indepen- 
dent associations of measures of central or overall obesity. 
The prominence of insulin associations was also observed in 
the San Antonio Heart Study.l,2 A determination of whether 
these differences reflect genetic differences between the 
populations must await further study. 

Hypertriglyceridemia, low HDL-C, hyperuricemia, and 
diabetes appear to be more specific to the syndrome, since 
all were uncommon in isolation, clustered in excess of 
expectation with each other, and showed strong positive 
associations with fasting insulin and the waist to hip ratio. 
By contrast, hypertension appears to be least specific to the 
syndrome, since it was more prevalent than the above four 

abnormalities in the lowest quintiles of insulin, waist to hip 
ratio, and body mass index (Fig 1), was more common in 
isolation, and showed a generally lesser degree of aggrega- 
tion with other abnormalities, and since clusters defined by 
its presence were generally less associated with fasting 
insulin, waist to hip ratio, and body mass index. Thus, 
although these analyses support the inclusion of hyperten- 
sion as a syndrome component, they also suggest that 
pathways unrelated to the syndrome are relatively more 
important in the development of hypertension than in the 
development of the other abnormalities. Nevertheless, 
accumulating data suggest that a link between hypertension 
and the syndrome may result from hemodynamic alter- 
ations that, by producing skeletal muscle vasoconstriction, 
generate a hemodynamically mediated insulin resistance. 46-49 

Although there is little room for doubt that uric acid is 
part of the syndrome, the biological basis for its clustering 
has barely been investigated. The hyperuricemia accompa- 
nying the syndrome may be a metabolic by-product of 
syndrome-induced alterations in free fatty acid metabo- 
lism, 5° or is perhaps due to decreased renal clearance of 
uric acid in the face of hyperinsulinemia. 44 

The independent, statistically significant, and often large 
odds ratios for insulin, waist to hip ratio, and body mass 
index in the multivariable analyses suggest that each may 
make an independent contribution to the pathogenic pro- 
cesses underlying this clustering. The prominence of cluster 
associations with fasting insulin may in fact result from its 
relatively high correlation with insulin resistance in nondia- 
betic individuals. 51 However, the issue of temporality can- 
not be addressed here, and hyperinsulinemia and central or 
overall obesity may all cause the syndrome and, to some 
extent, result from it. Once insulin resistance and excess 
adiposity, especially in visceral deposits, are present, a 
pathologic metabolic state involving hyperinsulinemia and 
central and overall obesity is established that may tend to 
be self-perpetuating. Variations in the expression of this 
state (the specific cluster of abnormalities presented) may 
be principally a function of genetic and environmental 
factors that causally influence the individual abnormalities. 

Although it appears legitimate to consider this clustering 
a metabolic syndrome, 25,26,52,53 the graded nature of the 
associations across quintiles of the three purported factors 
suggests that the basic causes of the syndrome are not 
limited to a special category of individuals, for instance, 
those with insulin levels in the fifth quintile ( >_ 16 p~U/mL), 
or even in the fourth quintile (>11 p~U/mL). These 
individuals are the extreme of a population distribution 
rather than a categorically distinct group. In fact, a major 
association with clusters was seen even for those in the third 
quintile of insulin (>  9 p~U/mL). Additionally, calling this 
aggregation a metabolic syndrome does not remove the 
importance of behavioral factors in its determination in 
populations. 25 Factors such as dietary and alcohol intake, 
physical activity, and smoking may act through increasing 
the frequency of central obesity, 2s,54-57 as well as through 
altering insulin levels/insulin resistance. 58 

These findings have evident clinical implications. They 
point to a clustering of common, clinically important 
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metabolic and hemodynamic abnormalities. The 20% of 
this population presenting the highest fasting insulin levels 
( > 16 I~U/mL) had 10 to 54 times the odds of presenting a 
cluster as the 20% with the lowest insulin levels ( < 5  
~U/mL).  Additionally, the clustering of such factors as 
hypertension and diabetes, the therapies for which are 
among the mainstays of clinical cardiovascular disease 
prevention, presents a therapeutic dilemma of unknown 
proportions to be explored. As calculated from the data in 
Table 1, only 22% of diabetic individuals and only 54% of 
hypertensive individuals had none of the additional abnor- 
malities. The long-term effects of therapies for these 
conditions on the other abnormalities of the metabolic 
syndrome are only now receiving due attention. 59-63 

The major strengths of this investigation include the 
community-based sampling strategy, concern with measure- 
ment quality-control, and large sample size in an age range 
wherein many participants have developed these abnormali- 
ties but not so many have died as to produce an important 
survival bias. The large number of individuals in the sample 
permits detailed categorical analysis of clustering. This 
approach minimizes bias due to medication use--avoiding 
analysis of variables such as blood pressure or glucose that 
are altered by medication use, and obviating the necessity 
of exclusion of medication users, who may be exactly those 
most affected by the syndrome. 

Potential limitations of this study need to be considered. 
Although the prevalence of abnormalities is dependent on 
the cutoff points chosen to define the abnormalities, it is 
unlikely that different cutoff points would change the 
general pattern of the associations. The inclusion of some 
mildly diabetic individuals (due to the absence of glucose 
tolerance test evaluation in the ARIC Study) in these 
analyses somewhat limits the capacity of fasting insulin 
levels to reflect an insulin-resistant state: a correlation 
between insulin sensitivity and fasting insulin level is 
acceptable only in the state of normal glucose toleranceP ~ 

Additionally, proinsulin, which cross-reacts with insulin in 
the assay used here, appears to have an independent 
association with clustering. 64 However, the categorization 
of insulin into quintiles in our analyses appears to have 
minimized these problems, since logistic models including 
(Table 4) and excluding (Table 5) known diabetic individu- 
als had similar results. 

In conclusion, these findings are consistent with the 
occurrence of a metabolic syndrome involving hypertriglyc- 
eridemia, low HDL-C, diabetes, hyperuricemia, and hyper- 
tension in a large proportion of US middle-aged adults. 
Morbid processes associated especially with high fasting 
insulin, but also with high waist to hip ratio and to a lesser 
extent with high body mass index, appear to underlie this 
clustering. There is a higher relative excess clustering in 
lean individuals. However, the much higher absolute excess 
clustering in the obese testifies to the large impact of the 
syndrome in these individuals. 
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