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The study was initiated to evaluate the ability of hyperinsulinemia (as a surrogate measure of insulin resistance) to predict the 
development in a previously healthy population of three putative outcomes of this abnormality--glucose intolerance, 
hypertension, and coronary heart disease (CHD). The study involved defining the incidence at which these changes occurred 
between 1981 and 1993 to 1996 in 647 individuals who were free of any disease when initially studied. The study population 
consisted of approximately 90% of the subjects evaluated in 1981, divided into quartiles on the basis of the plasma insulin 
response to a glucose challenge as determined in 1981. The results indicated that the 25% of the population with the highest 
insulin response in 1981 had significant (P < .001) increases in the incidence of impaired glucose tolerance (IGT) or type 2 
diabetes (eightfold), hypertension (twofold), or CHD (threefold). Furthermore, the ability of hyperinsulinemia to predict the 
three clinical endpoints was independent of differences in age, gender, or body mass index (BMI). Finally, if CHD is considered 
the clinical endpoint, multiple logistic regression analysis indicates that the values for plasma triglyceride (TG) and mean 
arterial blood pressure ([MAP] as measured in 1981) also predict the development of CHD. These results indicate that the 
untoward clinical effects of insulin resistance and/or compensatory hyperinsulinemia, glucose intolerance, hypertension, and 
CHD clearly can develop in less than 15 years. 
Copyright © 1999 by W.B. Saunders Company 

W E REPORTED the results of an epidemiologic survey in 
1989 that established a relationship between the plasma 

insulin response to an oral glucose challenge and various 
metabolic and hemodynamic variables in a healthy population 
of factory employees, t On the basis of these data, we suggested 
that hyperinsulinemia, as a surrogate measure of resistance to 
insulin-mediated glucose disposal, was associated with higher 
plasma glucose and triglyceride (TG) concentrations, a lower 
high-density lipoprotein (HDL) cholesterol concentration, and 
an increase in both systolic and diastolic blood pressure. All of 
these changes have been shown to increase the risk 2-9 of 
coronary heart disease (CHD). 

The results of our study played an important conceptual role 
in the genesis of the notion of syndrome X, 1° ie, the proposal 
that the resistance to insulin-mediated glucose disposal and the 
dus ter  of abnormalities associated with it represent a previously 
unrecognized syndrome that plays an important role in the 
development of CHD. Several publications since that time have 
validated the general principles articulated in the description of 
syndrome X, u-13 and there is now evidence that insulin 
resistance and/or compensatory hyperinsulinemia are associ- 
ated with other changes that appear to increase the risk of CHD, 
including smaller, denser low-density lipoprotein (LDL) par- 
ticles, 14 higher levels of plasminogen activator inhibi tor-I]  5 
and an increase in the magnitude of postprandial lipemia. 16 

Although these observations provide substantial support for 
the view that insulin resistance and/or its associated metabolic 
abnormalities increase the risk of CHD, it is always dangerous 
to formulate causal relationships based on cross-sectional data. 
Consequently, we initiated the current study in 1993, in which 
we recalled for evaluation individuals from the same factory 
population divided into four quartiles on the basis of the plasma 
insulin response to a glucose challenge as measured in 1981, and 
determined the incidence at which previously healthy individuals 
developed glucose intolerance, hypertension, or CHD. 

SUBJECTS AND METHODS 

In 1981, we surveyed 732 factory workers for a variety of metabolic 
and hemodynarmc risk factors for CHD. At that time, all subjects were 

instructed to consume 300 g carbohydrate daily for 3 days precedmg the 
measurements. A complete medical history was obtained and a physical 
examination performed. Blood pressure was measured with a sphygmo- 
manometer with the subjects recumbent for at least 10 minutes; diastolic 
blood pressure was defined as the disappearance of Korotkoff sounds 
(phase 5). In addition, subjects were classified as moderately or 
intensely physically active in their working or leisure time on the basis 
of a self-report questionnaire as described by Saltin and Grimby 17 
Venous blood was drawn after an overnight fast for deterrmnation of 
plasma glucose, t8 insulin.19 TGa0 cholesterol.2t and HDL cholesterol. 22 
In addition, plasma glucose and insulin concentrations were measured 1 
and 2 hours after a 75-g oral glucose load. At the end of the survey. 
complete data were available in 720 subjects. 

In 1993, a declsmn was made to recall these individuals for 
reevaluation. Between 1993 and 1996, outcome data were collected 
from 647 of the original subjects, including 32 individuals who died 
during the period of observanon. The presence of diabetes, hyperten- 
stun. or CHD was determined from medical records of these indiwdu- 
als. None of them developed type 2 diabetes or impaired glucose 
tolerance (IGT), 11 developed hypertension, and 10 developed CHD. In 
615 subjects evaluated in person, the diagnosis of IGT was based on the 
results of an oral glucose tolerance test using World Health Organiza- 
uon (WHO) criteria, Type 2 diabetes was diagnosed if subjects were 
treated with oral antidmbetic medication and/or insulin, or by glucose 
tolerance test criteria (WHO). Hypertension was determined to be 
present if subjects either were treated with antihypertensive medication 
or had blood pressure greater than 150/90 mm Hg. The presence of 
CI-ID was based on a review of the medical record, using both 
enzymatic and electrocardiographm evidence. 23 
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Table 1. Baseline Characteristics of the Study Population in 1981 

Insuhn Quartile 

Characteristic I II III IV P 

No. of subjects 155 172 159 161 

Gender (fema le/male) 47/108 69/103 66/93 50/111 NS 
Age (yr) 41.3 _+ 0.7 41.6 _+ 0.7 40.5 _+ 0.7 43.5 _+ 0.7 <.05 

BMI (kg/m 2) 25.3 _+ 0.2 25.1 _+ 0.2 25.2 _+ 0.2 27.3 _+ 0.2 <.001 

Physical activity (%) 

Work 
Moderate 91.6 91.2 89.3 90.7 NS 

Intense 8.4 8.8 10.7 9.3 NS 

Leisure 
Moderate 83.7 85.0 76.7 89.4 <.05 

Intense 16.3 15.0 23.3 10 6 <.05 

Smokers (%) 49.0 43.6 42.8 35.4 NS 

Abbreviation: NS, nonsignificant, 

For analytical purposes, subjects studied between 1993 and 1996 
were divided into quartiles on the basis of the plasma insulin concentra- 
tion 2 hours after the glucose load as determined in 1981. Quartile I 
represents the group with the lowest insulin response and quartile 1V 
those with the highest response. Results are expressed as the mean + 
SEM. Mean values for cross-sectional data were compared by two-way 
ANOVA and covariance analysis. The event frequency was evaluated 
by chi-square test. In these analyses, the insulin quartile was used as the 
grouping variable. Clinical outcomes were analyzed by multiple logistic 
regression. The odds ratio for gender was calculated considering 
females as the reference category. In the analyses, actual values were 
used except for insulin and TG. For these two variables, the analyses 
were performed on the natural logarithms to improved the skewed 
distribution, and the values were then back-transformed to their natural 
units for presentation in Table 2. 

RESULTS 

Baseline characteristics of the current study population 
divided into four insulin quartiles as determined in 1981 are 
summarized in Table 1. It should be emphasized that the 
information in Table 1 represents 1981 values for 647 individu- 
als who were available for evaluation between 1993 and 1996, 
divided into quartiles based on the original insulin response. 
Eighty-five percent, 94%, 87%, and 88% of the original four 
groups are included in this report. These data demonstrate that 
the 25% of the population with the highest insulin response 
were older and had a higher body mass index (BMI) than the 
individuals in the first three quartiles. In addition, intense 
leisure-time activity was lower in individuals in quartile IV 
compared with quartile III. 

A comparison of these same individuals in terms of metabolic 
and hemodynamic characteristics in 1981 is shown in Table 2. 
The values were adjusted for differences in age, gender, and 
BMI. There were no differences in fasting plasma glucose or 
LDL cholesterol concentrations in any of the quartiles. Every 
quartile was different from the others in terms of the remaining 
measures for the glucose concentration and all measures for 
insulin metabolism (P < .5 to .001). Subjects in quartile IV had 
higher values for mean arterial pressure (MAP) and heart rate 
than individuals in quartiles 1, II, and III (P < .05 to .001). 
Plasma TG concentrations were higher in quartile IV versus 
quartiles I: and II (P < .05 to .001), and HDL cholesterol levels 
were significantly lower in quartile IV compared with quartile I 
(P < .05). 

Nineteen subjects (eight women and 11 men) developed type 
2 diabetes or IGT in the interval between 1981 and the time of 
reevaluation. The incidence of glucose intolerance is shown in 
Fig 1. The incidence was approximately eight times greater in 
hyperinsulinemic subjects, with the highest incidence in quar- 
tile IV (relative risk [RR]: quartile 1V v quartiles I, II, and III, 
P < .001). 

Figure 2 shows the incidence of hypertension that developed 
in the period of observation (93 subjects, 24 women and 69 
men), and approximately twice as many subjects in quartile IV 
developed high blood pressure during the follow-up period 
(RR: quartile IV v quartiles I, II, and HI, P < .05). 

Twenty-three subjects (five women and 18 men) developed 
CHD since 1981 (Fig 3). These data indicate that CHD 
increased more than threefold in subjects in quartile IV in 1981. 
This difference was also statistically significant (RR: quartile IV 
v quartiles I, II, and III, P < .05). 

Table 2. Metabolic and Hemodynamic Comparisons Between 
Quartnes in 1981 Adjusted for Age, Gender, and BMI 

Insulin Quartile 

Variable I 11 III IV 

Glucose (mg/dL) 

Fasting 86 -+ 1 88 -+ 1 88 -+ t 88 -+ 1 

1 h 99 -+ 3 104 -+ 3 117 -+ 3 133 ± 3* 

2h 67-+2 76-+2 85-+2 102--_2" 
insulin (pU/mL) 

Fasting 12 _+ 0.5 14 _+ 0.5 16 _+ 0.5 20 -+ 0.5* 
l h  66_+4 81_+4 94_+4 126_+5" 

2h  18_+2 31_+2 52_+2 111_+2" 

TG (mg/dL) 116 _+ 8 130 _+ 7 141 _+ 8 156 _+ 8~ 

HDL cholesterol 

(mg/dL) 54 _+ 1 53 _+ 1 50 _+ 1 51 _+ 1§ 
LDL cholesterol 

(mg/dL) 120 _+ 4 129 _+ 4 120 _+ 4 130 _+ 4 

Uric acid (rag/alL) 4.3_+0.1 4.4_+0.1 4.6_+0.1 4.8 -+ 0.1~ 
MAP (mm Hg) 97_+1 97_+1 97_+1 100 -+ I t  
Heart rate (bpm} 65 _+ 1 67 _+ 1 67 _+ 1 70 _+ I t  

*Every quartile significantly different v all other quartiles (P < .05- 

.001). 
tQuarti le IV significantly higher vquarti les I, II, and III (P < .05-.001). 

;~Quartile IV significantly higher vquarti les I and II (P< .05). 
§Quartile IV significantly lower vquart i le I (P < .05). 
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Fig 1. Incidence of IGT or type 2 diabetes onset between 1981 and 
the time of reevaluation as a function of insulin response in 1981. 

To account for the impact of differences in age, BMI, and 
gender on the development of type 2 diabetes and IGT, 
hypertension, or CHD, as distinguished from the insulin re- 
sponse, multiple logistic regression analysis was performed. 
The results in Table 3 demonstrate that the magnitude of the 
insulin response was a predictor of each of the three clinical 
endpoints independently of differences in age, BMI, or gender. 
The results of this analysis were similar if In-fasting insulin 
replaced ln-2-honr insulin in the model: however, the level of 
statistical significance decreased slightly. Specifically, the P 
values between In-fasting insulin and the development of IGT 
and diabetes, hypertension, and CHD were .01, .02, and .06, 
respectively. 

As defined in 1988] o syndrome X refers to a cluster of 
abnormalities secondary to insulin resistance and compensatory 
hyperinsulinemia that increase the risk of CHD. To evaluate the 
impact of the other components of syndrome X on the 
development of CHD, multiple logistic regression analysis was 
also performed with plasma glucose, TG, and HDL cholesterol 
levels and MAP as independent variables. In addition, the 
relationship between CHD and both LDL cholesterol and 
smoking was also evaluated. Table 4 indicates that two syn- 
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Fig 2. Incidence of hypertension onset between 1981 and the time 
of reevaluation as a function of insulin response in 1981. 

Quart i le  I Quart i le  II Quarti le III Quart i le  IV 

Fig 3. Incidence of CHD onset between 1981 and the time of 
reevaluation as a function of insulin response in 1981. 

drome X variables, plasma TG and MAP as well as LDL 
cholesterol and a history of smoking one pack of cigarettes per 
day, were significantly related to CHD when adjusted for 
differences in age, gender, and BMI. It should also be noted that 
the relationship between the 2-hour glucose concentration and 
CHD approached the level of statistical significance (P < .07). 

A similar analysis was performed, but in this instance, the 
endpoint was the development of glucose intolerance (IGT and 
diabetes). In contrast to CHD, the 2-hour plasma glucose 
concentration was highly correlated with the appearance of IGT 
and type 2 diabetes, whereas LDL cholesterol was not. In 
addition, as with the development of CHD, plasma TG and 
MAP were significantly correlated with the state of glucose 
intolerance (Table 5). 

DISCUSSION 

The study performed in 19811 was undertaken to test the 
hypothesis that "a  cluster of risk factors for coronary artery 
disease would be found in persons with normal glucose 
tolerance who were insulin-resistant and hyperinsulinemic." 
This original formulation has been corroborated, and it is now 
clear that there are many other abnormalities associated with 
insulin resistance and compensatory hyperinsulinemia, includ- 
ing smaller and denser LDL particles, 14 a higher level of 
plasminogen activator inhibitor-I,15 a greater degree of postpran- 
dial lipemia, 16 a higher uric acid concentration, 2~ and an 
enhanced sympathetic nervous system activity. 25 Since all of 
these changes have also been associated with an increased risk 
of CHD, there is substantial theoretical support for our initial 
speculation that "insulin resistance and hyperinsulinemia have 
central and etiologic roles in the development of a series of 
events leading to an increased risk of coronary artery disease." 
At that time, we further stated that "whether or not this is true 
remains to be seen, but the current results suggest that this 
formulation is worth pursuing." 

Given the hypothesis outlined in 1981, the data emerging 
from this follow-up study seem to be of substantial value. We 
have been able to show in an unselected population that the risk, 
over a relatively short time span, of developing glucose 
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Table 3. Multiple Logistic Regression Analysis of the Effect of 2-Hour Insulin on the Development of 
Type 2 Diabetes and IGT, Hypertension, or CHD 

Condition 13 Coefficient SE Wald X 2 OR 95% CI P (X 2) 

Type 2 Diabetes + IGT 

In insulin 2 h 1.5661 0.3786 17.1159 4.7880 2.280-10.056 .0000 

Age 0.2976 0.2730 1.1877 1.3466 0.789-2.299 .2758 

BMI 0.4787 0.3052 2.4602 1,6140 0.887-2.936 .1168 

Gender -0.7604 0.5617 1.8321 0,4675 0.155-1.406 .1759 

Hypertension 

In insulin 2 h 0.3312 0.1618 4.1893 1,3926 1.008-1.924 .0407 

Age 0.0922 0.1301 0.5019 1,0966 0.850-1,415 .4787 

BMI 0.5085 0.1819 7.8141 1,6627 1.164-2,375 .0052 

Gender 0.3309 0,2712 1.4882 1,3922 0.818-2,369 .2225 

CHD 

in insulin 2 h 0.6993 0.3071 5.1839 2.0123 1.102-3374 .0228 

Age 0.8499 0.2331 13.2963 2.3395 1.481 -3,694 .0003 

BMI 0.5729 0.3168 3.2705 1.7734 0.953-3,300 .0705 

Gender -0.2566 0.5937 0.1869 0.7736 0.242-2.477 .6655 

NOTE. The age interval is 10 years. The BMI interval is 5 kg/m 2. The In insulin 2 h interval is I In unit. 

Abbreviations: SE, standard error; OR, odds ratio; CI, confidence interval; In, logarithm. 

intolerance states, hypeltension, or CHD is increased if appar- 
ently healthy individuals are hyperinsulinemic and presumably 
insulin-resistant. These observations are consistent with previ- 
ous studies showing that insulin resistance and/or compensatory 
hyperinsulinemia predict the development of type 2 diabetes, 
hypertension, or CHD. 4,5,26-31 On the other hand, we are not 
aware of any prospective study showing that these abnormali- 

ties of insulin metabolism predict the development of all three 
clinical syndromes within one population. As such, the current 
results provide additional support for the view that the common 
diseases of Western civilization, glucose intolerance, hyperten- 
sion, and CHD, all share a common relationship with insulin 
resistance and/or compensatory hyperinsulinemia. 

Finally, it should be emphasized that although hyperinsulin- 

Table 4. Multiple Logistic Regression Analysis of the Effect of Each Variable on the Development of CHD 

Variable 13 Coefficient SE Wa[d X 2 OR 95% CI P(X 2) 

G lu cose 2 h 0.1188 0.0670 3.1415 1.1261 0.988-3.000 .0763 

Age 0.8354 0.2316 13.0075 2.3056 1.464-3.630 .0003 

BMI 0.6087 0.3210 3.5954 1.8381 0.980-3.448 .0579 

Gender -0.1732 0.5882 0.0866 0.8410 0.265-2.665 .7685 

In TG 1.0354 0.4045 6.5525 2.8163 1.275-6,223 .0105 

Age 0.9248 0.2322 15.8570 2,5213 1.516-4.193 .0001 

BMI 0.6657 0.3126 4.5358 1.9459 1.054-3.591 .0332 

Gender - 0.7960 0.6379 1.5572 0.4511 0.129-1.575 .2121 

HDL -0.0617 0.0879 0.4923 0.9402 0.791-1.117 .4829 

Age 0.8970 0.2286 15.3940 2.4523 1.567-3.838 ,0001 

BMI 0.7441 0.3134 5.6381 2.1045 1.139-3,890 .0176 

Gender -0.3741 0.6109 0.3749 0.6879 0.208-2,278 .5403 

LDL 0.1410 0.0451 9.6687 1.1514 1.054-1.258 .0019 

Age 0.8553 0.2372 13.0049 2.3520 1.478-3.744 .0003 
BMI 0.7300 0.3156 5.3810 2.0750 1.118-3.852 .0204 

Gender -0.4541 0.5949 0.5826 0.6350 0.198-2.035 .4453 

MAP 0.4913 0.1904 6.6595 1.6344 1.125-2.374 .0099 

Age 0.6786 0.2397 8.0108 1.9710 1,232-1.281 .0046 
BMI 0.5696 0.3246 3.0780 1.7675 0.936-3.339 .0794 

Gender -0.3911 0.5908 0.4381 0.6763 0.212-2.153 .5081 
Smoking level 

1 0.3332 1.0979 0.0921 1,3954 0.162-12,002 .7616 
2 1,0441 0.7193 2.1074 2.8410 0.694-11.634 .1466 

3 0.4920 0.7097 0.4805 1.6355 0.433-6.183 .4882 

4 1.6360 0.6785 5.8133 5.1347 1.278-20.635 .0159 

5 2.4648 0.9122 7.3018 11.7617 1.968-70.296 .0069 
Age 1.0855 0.2572 173191 2.9611 1.789-4.902 .0000 
BMI 0.8448 0.3197 6.9844 2.3275 1.244-4.355 .0882 
Gender -0.6051 0.6290 0.9254 0.5460 0.159-1.873 .3361 

NOTE. The reference category is nonsmokers. Smoking level: 1, 1-4 cigarettes per day; 2, 5-9; 3, 10-19; 4, 20-29; 5, >30. Age interval, 10 years; 
2 MAP interval, 10 mm Hg; BMI interval, 5 kg/m ; LDL interval, 10 mg/dL; HDL interval, 5 mg/dL; In TG interval, 1 In unit. See Table 3 for abbreviations. 
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Variable 13 Coefficient SE Wald X 2 OR 95% CI P(X 2) 

Glucose 2 h 0.2838 0.0681 17.3710 1.3281 1.162-1.518 .0000 

Age 0 2539 0.2744 0.8559 1.2890 0,753-2,207 .3549 

BMI 0,4715 0.3079 2.3454 1 6024 0,876-2.930 0.1267 

Gender -0.6339 0.5501 1.3280 0.5305 0.180-1.559 .2492 

In TG 1.1783 0.4261 7.6453 3,2488 1.409-7.489 .0057 

Age 0.4362 0.2616 2.7819 1.5469 0.926-2.583 .0953 

BMI 0.7485 0,2979 6.3134 2.1137 1.179-3.790 .0120 

Gender -1.3457 0.6008 5.0175 0.2604 0.080-0,845 .0251 

HDL -0.1220 0.0932 1.7148 0.8851 0.737-1.063 .1904 

Age 0 4314 0.2564 2.8298 1.5393 0,931-2.645 .0925 

BMI 0.8182 0.2962 7.6304 2.2665 1 268-4,050 .0057 

Gender -0.9304 0.5572 2.7882 0.3944 0.132-1.176 .0950 

LDL 0.0397 0.0498 0.6207 1.0405 0,944-1.147 .4308 

Age 0.3852 0.2594 2.2047 1A699 0.884-2,444 .1376 

BMI 0.8473 0.2947 8.2807 2.3334 1.310-4.157 .0040 

Gender - 0.7448 0.5332 1.9510 0,4748 0.167-1.350 .1625 

MAP 0.4783 0.1997 6.7336 1.6133 1,091-2,886 .0166 

Age 0,2080 0.2683 0.6013 1.2313 0.728-2.083 .4381 

BMI 0.6481 0 3091 4.3959 1.9118 1,043-3,504 .0360 

Gender -0.8588 0.5352 2.5744 0.4237 0.148-1.209 .1086 

NOTE. Age interval, 10 years; MAP interval, 10 mm Hg; BMI interval, 5 kg/m2; LDL interval, 10 mg/dL; HDL interval, 5 mg/dL; In TG interval, 1 In 
umt; glucose 2 h interval, 10 mg/dL. See Table 3 for abbrevmtions. 

emia served as a marker to identify individuals who developed 
CHD, these data should not be interpreted to mean that 
hyperinsulinemia is the cause of CHD. Firstly, identification of 
hyperinsulinemia as a risk factor for CHD is not meant to 
demean the importance of smoking or high LDL cholesterol. 
Furthermore, given all of the CHD risk factors associated with 
insulin resistance and compensatory hyperinsulinemia, it would 
be impossible at this time to discern which of these factors is 
most responsible for the link between insulin resistance and 
CHD. For example, it is clear from Table 4 that the differences 
in both blood pressure and plasma TG observed in 1981 also 
predicted the development of CHD. One way to differentiate 
between the impact of CHD risk factors is to include them all in 
a model and perform multiple regression analysis. Although 
such an approach is conventionally used, we do not believe it 
can provide useful information in this situation. The dangers of 
multivariate analysis in determining the "'independent" effect of 
highly correlated CHD risk factors have been emphasized in the 
debate as to whether hypertriglyceridemia should be considered 
a risk factor for CHD. s2 We believe this to be even more true in 
the current context. There are multiple risk factors for CHD 
present in insulin-resistant individuals (Table 2). Since these 
variables are highly intercorrelated, including them together in a 

multiple regression analysis makes it difficult to determine the 
contribution of each variable in the multiple regression. A 
statistical approach that can be used to examine the partial 
correlation between the dependent variable and each of the 
independent variables is the r statistic. Using this approach, 
none of the variables are independently related to CHD. On the 
other hand, this does not mean that they do not play a role in the 
development of CHD. Furthermore, it is also possible that we 
did not even measure the most crucial determinant of CHD at 
the time of the original study in 1981. 

Thus, we believe that the most important insight derived from 
this study is the fact that the presence of hyperinsulinemia in 
1981, as a surrogate measure of insulin resistance and its 
associated abnormalities, identafied a group of individuals who 
developed glucose intolerance, hypertension, and CHD at an 
increased rate. Consequently, it seems reasonable to suggest 
that efforts to identify individuals at high risk for CHD and to 
treat these individuals can no longer ignore the powerful 
predictive role of the multiple components of syndrome X. 
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