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Although type II diabetes is associated with both microvascular and macrovas-
cular complications, duration of diabetes and severity of glycemia are strongly
associated only with the former. Since prediabetic individuals are hyperinsuline-
mic, and since hyperinsulinemia may be a cardiovascular risk factor, we hypoth-
esized that prediabetic individuals might have an atherogenic pattern of risk
factors even before the onset of clinical diabetes, thereby explaining the relative
lack of an association of macrovascular complications with either glycemic
severity or disease duration. We documented the cardiovascular risk factor
status of 614 initially nondiabetic Mexican Americans who later participated in an
8-year follow-up of the San Antonio Heart Study, a population-based study of
diabetes and cardiovascular disease. Individuals who were nondiabetic at the
time of baseline examination, but who subsequently developed type II diabetes
(ie, confirmed prediabetic subjects, n = 43), had higher levels of total and low-
density lipoprotein cholesterol, triglyceride, fasting glucose and insulin, 2-hour
glucose, body mass index, and blood pressure, and lower levels of high-density
lipoprotein cholesterol than subjects who remained nondiabetic (n = 571). Most
of these differences persisted after adjustment for obesity and/or level of glyce-
mia, but were abolished after adjustment for fasting insulin concentration. When
subjects with impaired glucose tolerance at baseline (n = 106) were eliminated,
the more atherogenic pattern of cardiovascular risk factors was still evident (and
statistically significant) among initially normoglycemic prediabetic subjects.
These results indicate that prediabetic subjects have an atherogenic pattern of
risk factors (possibly caused by obesity, hyperglycemia, and especially hyperin-
sulinemia), which may be present for many years and may contribute to the risk of
macrovascular disease as much as the duration of clinical diabetes itself.

(JAMA. 1990;263:2893-2898)

TYPE II (non-insulin-dependent) dia¬
betes is associated with both macrovas¬
cular and microvascular complications.
The epidemiology of these two types of

complications differs, however. In par¬
ticular, whereas degree of hyperglyce-
mia and duration of diabetes have con-
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sistently been associated with risk
of microvascular complications,1,2 the
same relationships have not been con-

sistently demonstrated in the case of
macrovascular complications.13'6 A pos¬
sible explanation for this discrepancy
could be that metabolic disturbances
during the prediabetic period contrib¬
ute to macrovascular complications, but
not to microvascular complications.
There are theoretical reasons for believ¬
ing that clinical type II diabetes is pre¬
ceded by a long period, perhaps several
decades, of hyperinsulinemia,7 and re¬

cently, direct empirical evidence for
this concept has been reported from
three different populations.8"11 More¬
over, there is evidence that plasma insu¬
lin concentration may contribute to car¬
diovascular risk as well, both by virtue
of its direct effects on the arterial wall12
and because it contributes to hyperlip-
idemia18"16 and perhaps also to hyperten¬
sion,1316"19 two other important cardio¬
vascular risk factors. There is also
direct evidence that hyperinsulinemia
predicts coronary heart disease in non¬
diabetic populations." Although the
risk factor status of plasma insulin re¬
mains controversial,2" it is possible that
the prediabetic phase could be a period
of enhanced cardiovascular risk.
These concepts led us to postulate
that, unlike microvascular complica¬
tions, where "the clock starts ticking"
with the onset of clinical diabetes (ie,
hyperglycemia), in the case of macro¬
vascular disease, the clock may start
ticking decades earlier.

It is difficult to confirm the "ticking
clock" hypothesis directly, since there
are at present no definitive markers for
the prediabetic state. Indirect evi¬
dence, however, is available. For exam-
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Table 1—Age-Adjusted Anthropométrie Variables and Cardiovascular Risk Factors at Baseline (Means and SEs) According to Conversion Status at 8-Year
Follow-up

Conversion Status at Follow-up
Diabetes Normal P

Men Women Men Women Conversion
_(n =17)_(n =26)_(n=236)_(n = 335)_Status_Gender
Age, y*_47.7±2.5_45.5±2.0_41.8±0.7_41.4±0.6_.003_.437
Body mass index, kg/m'_29.9±1.2_31.3±1.0_27.8±0.3_26.5±0.3_<001§_.988*
Centralityt_1.45±0.10_1.24±0.08_1.40±0.03_1.00±0.02_.040_.001
Triglycéride, mmol/Lt_2^18_^95_1JS2_^19_<.0Q1_<.0Q1
95% Confidence interval_1.70-2.80_1.59-2.38_1.52-1.73_1.14-1.26_„._...
Total cholesterol, mmol/Lt_5.84±0.18_5.84±0.18_5.55±0.05_5.20±0.05_.002_.004
High-density lipoprotein cholesterol, mmol/Lt_1.08±0.08_1.06±0.06_1.17±0.02_1.36±0.02_<.001§_.046
Low-density lipoprotein cholesterol, mmol/Lt_3.90±0.20_3.87±0.16_3.65±0.54_3.25±0.04_1)03_.038
Systolic blood pressure, mm Hg_118.4±3.0_112.0±2.4_112.5±0.8_106.9±0.7_<.0Q1_<.0Q1
Diastolic blood pressure, mm Hg_77.3±2.2_75.1 ±1.8_75.0±0.6_69.1 ±0.5_.012_.006
Hypertension prevalence, %_274_12^2_123_6T_.01J_.045
Fasting glucose, mmol/Lt_5.68±0.09_5.51 ±0.12_5.15±0.03_4.94±0.03_<.O01_.764
2-h Glucose, mmol/Lt 8.52±0.38 8.07±0.48 6.30±0.20 5.99±0.13 <.001 .235

Fasting Insulin, pmol/Lt 158 + 30 201 ±24 95 + 8 91 ±6 <.001 .428

•Category is not age adjusted.
tCentrality indicates ratio of subscapular-to-triceps skin fold.
t-To convert triglycéride to milligrams per deciliter, multiply by 88.57. To convert cholesterol to milligrams per deciliter, multiply by 38.69. To convert glucose to milligrams per

deciliter, multiply by 18.0. To convert insulin to microunits per milliliter, multiply by 0.139.
¡¡Interaction for gender x conversion status. For body mass index, P = .083; for high-density lipoprotein cholesterol, P = .007.

pie, we have recently reported that non¬
diabetic individuals with a positive
family history of diabetes, a group that
is presumably enriched with prediabet¬
ic individuals, have elevated cardiovas¬
cular risk factors relative to nondiabetic
individuals without such a family histo¬
ry.21 Similarly, Zavaroni et al22 have re¬

ported that normoglycemic individuals
who are hyperinsulinemic (ie, possible
prediabetic individuals) also have ele¬
vated cardiovascular risk factors com¬

pared with normoglycemic individuals
without hyperinsulinemia.

The 8-year follow-up of the San Anto¬
nio Heart Study provided us with an

opportunity to examine this question di¬
rectly, since we could identify predia¬
betic individuals retrospectively, ie, in¬
dividuals who were nondiabetic at the
time of their baseline examination, but
who were then confirmed to have devel¬
oped type II diabetes as of their 8-year
follow-up examination. We have recent¬
ly reported that hyperinsulinemia pre¬
dicts conversion to type II diabetes in
this population.11 In this report we com¬

pare the cardiovascular risk factor sta¬
tus of such individuals prior to the onset
of clinical diabetes with the correspond¬
ing risk factor status of individuals who
remained free of diabetes during the 8-
year follow-up period.
SUBJECTS AND METHODS

The San Antonio Heart Study is a

population-based study of diabetes
and cardiovascular disease in Mexican
Americans and non-Hispanic whites.
Between 1979 and 1982 a total of 1288

Mexican Americans and 927 non-His¬
panic white men and women, 25 to 64
years of age when first examined, were

randomly selected from six target areas
in San Antonio. The overall response
rate was 63.9%. A detailed description
of this survey has been published previ¬
ously.28 Mexican Americans were de¬
fined as persons whose ancestry and cul¬
tural traditions derived from a Mexican
national origin.24 The study was ap¬
proved by the Institutional Review
Board of The University of Texas
Health Science Center at San Antonio,
and all subjects gave informed consent.

At the baseline examination blood
specimens were obtained following a 12-
to 14-hour fast for serum lipid, lipopro¬
tein and insulin, and plasma glucose de¬
terminations. A 75-g glucose equivalent
load (Glucola, Custom Laboratories,
Baltimore, Md) was then administered,
and blood specimens were obtained 1
and 2 hours later for plasma glucose
concentrations. Glucose and insulin and
lipid and lipoprotein methods have been
published previously.23,26

The systolic (first phase) and diasto-
lic (fifth phase) blood pressures were
measured to the nearest even digit
using a random-zero sphygmomanom-
eter (Hawksley-Gelman, London, En¬
gland). Three readings were recorded
for each individual, and the average of
the second and third reading was de¬
fined as the patient's blood pressure.26
Hypertension was defined according to
Hypertension Detection and Follow-up
Program criteria (diastolic blood pres¬
sure >95 mm Hg and/or currently tak-

ing antihypertensive medications).26
Anthropométrie measurements

(height, weight, subscapular and tri¬
ceps skin folds) were made after partici¬
pants had removed their shoes and up¬
per garments and donned an
examination gown.2325 Body mass index
(BMI) was calculated as weight (in kilo¬
grams) divided by height (in meters
squared). The ratio of subscapular-to-
triceps skin fold (centrality index) was
chosen as a measure of central
adiposity.

Beginning in October 1987, an 8-year
follow-up study was begun to ascertain
the incidence of type II diabetes and
coronary heart disease. This article re¬

ports results on the follow-up of partici¬
pants from the first four (of six) target
areas. Vital status was ascertained on
98.1% of the subjects. The follow-up ex¬
amination consisted of an initial home or

telephone interview (completed by
97.3% ofsurviving subjects) and a medi¬
cal examination (which was attended by
84.0% of subjects who completed the
telephone interview). The overall re¬

sponse rate was 81.7% (0.973 x 0.840).
The medical examination was per¬
formed in a mobile clinic located in the
participants' neighborhoods. This re¬

port is restricted to the 614 Mexican
Americans who were free of diabetes at
the baseline examination in 1979 to 1982
and who attended the medical examina¬
tion 8 years later. (The number of ini¬
tially nondiabetic non-Hispanic whites
who converted to type II diabetes [6 of
301] is still too small to allow analysis in
this ethnic group.)
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Table 2.—Age- and Body Mass Index (BMI)-Adjusted Anthropométrie Variables and Cardiovascular Risk Factors at Baseline (Means and SEs) According to
Conversion Status at 8-Year Follow-up

Conversion Status at Follow-up
•-'-' P

Diabetes Normal '-*-'
 -"-' '-"-' Conversion

Men Women Men Women Status Gender BMI
Centralrty*_1.39±0.10_1.19±0.08_1.36±0.25_1.01 ±0.21_.171_.001_.001
Triglycéride, mmol/Lt_^96_173_^59_1^22_<001_<.O01_<001
95% Confidence interval 1.54-2.08 1.41-2.10 1.49-1.70 1.15-1.29
Total cholesterol, mmol/Lt_5.82±0.22_5.81 ±0.18_5.56±0.06_5.20±0.05_.004_.095_.047
High-density lipoprotein cholesterol, mmol/Lt 1.10±0.08 1.10±0.06 1.13±0.02 1.35 + 0.02 .004t .027 <.O01

Low-density lipoprotein cholesterol, mmol/Lt 3.80 ±0.19 3.68 ±0.16 3.64 ±0.05 3.26 ±0.04 .025 .047 .035

Systolic blood pressure, mm Hg_117.3 + 2.8_113.0 + 2.3_112.8±0.7_108.0 +0.6_.015_<.0Q1_<.0Q1
Diastolic blood pressure, mm Hg_75.7±2.1_71,9±1,7_73.7±0.5_69.7±0.5_.301_.004_<.0Q1
Hypertension prevalence, %_245_2A_VL8_75_.4211_-004_<.0Q1
Fasting glucose, mmol/Lt_5.51 ±0.9_5.36 + 0.11_5.21 ±0.03_5.19±0.03_£[3_.BV\_<.0Q1
2-h Glucose, mmol/Lt 7.92±0.4 7.67 + 0.5 6.52±0.11 6.17±0.16 .007 .182 <001

Fasting insulin, pmol/Lt 169±21 153±29 96±7 91 ±8 .002 .428 <.001

*Centrality indicates ratio of subscapular-to-triceps skin fold.
tSee Table 1 for conversion factors.
tlnteraction for gender x conversion status. For high-density lipoprotein cholesterol, P = .0241 ; for hypertension prevalence, P = .054.

Table 3.—Age-, Body Mass Index (BMI)-, and Insulin-Adjusted Cardiovascular Risk Factors at Baseline (Means and SEs) According to Conversion Status at
8-Year Follow-up

Conversion Status at Follow-up
i- -. p

Diabetes Normal '-"-'
i-'-1 i-*-1 Conversion

Men Women Men Women Status Gender Insulin BMI

Triglycéride, mmol/L* 1.81 1.32 1.70 1.24 .872 .008 <.0Q1 .067
95% Confidence interval_1.41-2.12_1.07-1.63_1.33-2.19_1.18-1.31_1_J_„_._._^_...
Total cholesterol, mmol/L*_5.68 ±0.23 5.58 ±0.19 5.55 ±0.06 5.44 +0.05_.522_.822_.008 .275

Low-density lipoprotein cholesterol, mmol/L*_3.77±0.17 3.63±0.20 3.66±0.44 3.31+0.05_.355_.047_007 .123

High-density lipoprotein cholesterol, mmol/L* 1.12±0.08 1.21±0.07_1.13±0.02 1.32±0.02_.345_.020_<001 .009

Systolic blood pressure, mm Hg_116.1 ±3.0 108.6±2.5 114.0±0.8 106.9±0.6_.366_<.0Q1_.002 .018
Diastolic blood pressure, mm Hg_74.7±2.1_70.9±1.9_73.7±0.6_69.7±0.5_.921_<.O01_<001 .008

Hypertension prevalence, %_19JS_;L0_12$_7_&_.965_.013t_.015 .106

Fasting glucose, mmol/L*_5.45 ±0.12 5.31 ±0.10 5.26 ±0.03 5.26 ±0.03_.082_709t <001 020
2-h Glucose, mmol/L* 7.68±0.51 7.18±0.1 6.64±0.13 6.30±0.94 .017 .246 <.001 .020

*To convert triglycéride to milligrams per deciliter, multiply by 88.57. To convert cholesterol to milligrams per deciliter, multiply by 38.69. To convert glucose to milligrams per
deciliter, multiply by 18.0.

tlnteraction for gender x conversion status. For hypertension prevalence, P = .163; for fasting glucose, P = .087.

At the follow-up examination, plasma
glucose was measured in the fasting
state and 2 hours after the administra¬
tion of a 75-g glucose equivalent load
(Koladex or Orangedex, Custom Lab¬
oratories, Baltimore, Md). The methods
used for glucose, insulin, and anthropo¬
métrie measurements were identical to
those used in the baseline examination.
Diabetes mellitus was diagnosed ac¬

cording to the criteria of the World
Health Organization (fasting plasma
glucose level, >7.8 mmol/L, and/or 2-
hour glucose level, > 11.0 mmol/L).27 (In
previous reports23,26 we used the Nation¬
al Diabetes Data Group criteria,28 which
require an additional, intermediate,
post-glucose load measurement. How¬
ever, since in the follow-up examina¬
tion, only fasting and 2-hour post-
glucose load blood specimens were ob¬
tained, we have used the simpler crite-

ria of the World Health Organization in
this report. The concordance between
the two criteria in the overall San Anto¬
nio Heart Study population is 98%.)
Subjects who did not meet the World
Health Organization's plasma glucose
criteria, but who were treated with oral
antidiabetic agents or insulin as of the
follow-up examination, were also con¬
sidered to have diabetes. Diabetic sub¬
jects who were not taking insulin were
considered to have type II diabetes.
Subjects who were taking insulin, but
whose age at onset of diabetes was

greater than 40 years, and who had a
BMI greater than 30 kg/m2 were also
considered to have type II diabetes.
Other diabetic subjects were consid¬
ered to have type I diabetes or to be
unclassifiable. Since this report is con¬
cerned with cardiovascular risk factors
in prediabetic individuals, subjects who

had diabetes at baseline are excluded
from the present analyses.

Age-adjusted (Table 1), age- and
BMI-adjusted (Table 2), age-, BMI-,
and insulin-adjusted (Table 3), and age-,
BMI-, and glucose-adjusted group
means (Table 4) were computed by two-
way analysis of covariance with gender
and conversion to diabetes as the group¬
ing variables.29 First-order interactions
(gender x conversion status) were ei¬
ther not statistically significant or bor¬
derline statistically significant. The lat¬
ter are identified in the tables.
Triglycéride levels were log trans¬
formed to improve skewness and kurto-
sis. They were then back-transformed
to their natural units for presentation in
the tables. Since the SEs for log-trans¬
formed variables are asymmetric about
the mean, 95% confidence intervals
rather than SEs are presented for tri-
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Table 4.—Age-, Body Mass Index (BMI)-, and Glucose-Adjusted Cardiovascular Risk Factors (Means and SEs) According to Conversion Status at 8-Year
Follow-up

Conversion Status at Follow-up
i-»-1 p

Diabetes Normal  -"->
 -'-1 i-"-' Conversion

Men Women Men Women Status Gender Glucose BMI

Triglycéride, mmol/L*_UH_154_158_^24_.038_.015_.001_<.0Q1
95% Confidence interval_1.36-2.31_1.26-1.88_1.47-1.68_1.18-1.32_^_._JS_„._...
Total cholesterol, mmol/L*_5.74±0.22 5.70±0.18 5.54±0.06 5.22±0.03_.025_.201_£0_.504
High-density lipoprotein cholesterol, mmol/L* 1.13±0.08 1.15±0.06 1.14±0.02 1.26±0.04_.054_.278_.001_<.0Q1
Low-density lipoprotein cholesterol, mmol/L*_3.80±0.19 3.67±0.16 3.65±0.05 3.26±0.04_.032_.075_.432_.037
Systolic blood pressure, mm Hg_116.8 + 2.8 109.4±2.4 113.5±0.8 106.8±0.6_.152_<.0Q1_.015 <.0Q1
Diastolic blood pressure, mm Hg_75.0±2.1_71.9 + 1.7 76.6±0.6 69.2±0.5_583_.005_.007 <.0Q1

Hypertension prevalence, %_23J)_15_TL7_11__536t_.004_.468_<001
Fasting insulin, pmol/L* 160±25 138±28.8 97±7 93±8 .008 .455 .032 <.001

*To convert triglycéride to milligrams per deciliter, multiply by 88.57. To convert cholesterol to milligrams per deciliter, multiply by 38.69. To convert insulin to microunits per
milliliter, multiply by 0.139.

tlnteraction for gender x conversion status. For hypertension prevalence, P = .047.

Table 5.—Age- and Sex-Adjusted Anthropométrie Variables and Cardiovascular Risk Factors at Baseline
(Means and SEs) in Subjects With Normal Glucose Tolerance at Baseline According to Conversion Status
at 8-Year Follow-up

Age,y*_
Body mass index, kg/mz
Centralityt
Triglycéride, mmol/Lt
95% Confidence interval
Total cholesterol, mmol/Lt
High-density lipoprotein cholesterol, mmol/Lt
Low-density lipoprotein cholesterol, mmol/Lt
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Hypertension prevalence, %

Fasting glucose, mmol/Lt
2-h Glucose, mmol/Lt
Fasting insulin, pmol/Lt

Conversion Status at Follow-up
Diabetes Normal
(n =18)_(n=490)_P_

47.2 ±2.3 40.7 ±0.5 .006
28.2 ±1.1_27.2±0.2_.472
1.38±0.09_1.16±0.2_.078
1.83_128_.006

1.36-2.26_1.06-1.53_
5.79±0.2_5.48±0.04_<001
1.14 ±0.07_1.28±0.02_.045
3.80±0.18_3.14±0.04_.001
116.8±3.0_108.8 + 0.8_.004
75.6±2.2_72.0±0.4_.032
13.2_6J_.362

5.28 ±0.1_5.00±0.02_.032
6.43 ±0.29_5.79±0.06_.0U_
157±27 81 ±5 .006

•Category is not age adjusted.
tCentrality indicates ratio of subscapular-to-triceps skin fold.
tSee Table 1 for conversion factors.

glyceride levels. In Table 5, subjects
with impaired glucose tolerance
(n=106) were excluded. Since there
were only 18 subjects who converted to
diabetes from the residual group with
normal glucose tolerance at baseline
(n = 508), both sexes were pooled for
this analysis. However, an adjustment
was made for gender (and age) using
one-way analysis of covariance (with
conversion status as the grouping
variable).
RESULTS

Table 1 indicates that subjects who
converted to diabetes (n = 43) were old¬
er than subjects who remained nor¬
mal (n = 571). Table 1 also shows age-
adjusted mean levels of BMI, ratio of
subscapular-to-triceps skin fold, lipids
and lipoproteins, blood pressure, hy-

pertension prevalence, and glucose and
insulin concentrations according to con¬
version status and gender. For all vari¬
ables, subjects who converted to diabe¬
tes had a more atherogenic pattern of
cardiovascular risk factors that was sta¬
tistically significant when compared
with the pattern in subjects who did not
convert to diabetes. (In this report we
use the term atherogenic pattern ofrisk
factors to refer to increased levels of
total and low-density lipoprotein [LDL]
cholesterol, triglycéride, blood pres¬
sure, glucose, insulin, and lower levels
of high-density lipoprotein [HDL] cho¬
lesterol.) The mean 2-hour plasma glu¬
cose concentration at baseline in the
subjects who converted was also elevat¬
ed and, in fact, meets the World Health
Organization's criteria for impaired glu¬
cose tolerance.27 Since, as previously

noted, insulin levels and obesity are re¬
lated to lipids, lipoproteins, and blood
pressure,13"19 we next adjusted for BMI
as well as age in Table 2. Subjects who
converted to diabetes continued to have
a more atherogenic pattern of risk fac¬
tors that was statistically significant in
the case of triglycéride, total and LDL
cholesterol, HDL cholesterol, systolic
blood pressure, fasting glucose and in¬
sulin, and 2-hour glucose concentration.
The differences in centrality index, dia¬
stolic blood pressure, and hypertension
prevalence also persisted, although
these differences were no longer statis¬
tically significant. Body mass index was

significantly associated with all risk fac¬
tors. We next adjusted for fasting insu¬
lin concentration in addition to age and
BMI (Table 3). Fasting insulin was sig¬
nificantly associated with all the cardio¬
vascular risk factors and BMI with all
except total and LDL cholesterol and
hypertension prevalence. However, the
additional adjustment for insulin abol¬
ished all the differences between those
subjects who converted and those sub¬
jects who did not convert except for the
difference in 2-hour glucose concentra¬
tions. (Adjustment for age and fasting
insulin, but not BMI, also eliminated the
statistical differences in cardiovascular
risk between conversion status groups
[datanot shown].)

Since fasting glucose and insulin
were highly correlated in these data
(r=+.40, P<.001), we also adjusted
for age, BMI, and fasting glucose (Table
4). (Results were similar when adjust¬
ment was made for 2-hour rather than
fasting glucose.) In this analysis, there
were no significant differences between
those subjects who converted and those
subjects who did not convert for systolic
or diastolic blood pressure or for hyper¬
tension prevalence. However, the dif¬
ferences in the other cardiovascular risk

Downloaded From: http://jama.jamanetwork.com/ by a Penn State Milton S Hershey Med Ctr User  on 05/22/2015



factors between those subjects who con¬
verted and those subjects who did not
convert persisted.

Because it can be difficult to separate
out the effects of highly correlated vari¬
ables such as fasting glucose and fasting
insulin, we restricted our analysis to
subjects with normal glucose tolerance
at baseline. Subjects with impaired glu¬
cose tolerance at baseline constituted
17.3% (106/614) of this population. The
8-year conversion rate in this group was
23.6% (25/106), whereas in the group
who had normal glucose tolerance at
baseline, the conversion rate was 3.5%
(18/508). Subjects with normal glucose
tolerance at baseline had fasting glucose
and insulin concentrations that were
lower than for the overall population,
although both remained significantly
higher in those subjects who converted
compared with those who did not con¬
vert. Initially normoglycemic subjects
who converted to diabetes continued to
show significantly higher total and LDL
cholesterol concentrations, higher tri¬
glycéride, higher systolic and diastolic
blood pressures, and lower HDL choles¬
terol than those who remained nondia¬
betic. The differences in BMI, centrali-
ty index, and hypertension prevalence
according to conversion status, howev¬
er, were no longer statistically signifi¬
cant. Thus, even in a group of subjects
with normal glucose tolerance at base¬
line, subjects who converted to diabetes
have a more atherogenic pattern of risk
factors. Moreover, although there was a

significantly higher (though still nor¬
mal) 2-hour glucose level at baseline
among subjects who converted, the
baseline difference in insulinemia was
much more marked.
COMMENT

The present data show that predia¬
betic subjects are characterized not
only by hyperinsulinemia, but also by a
more atherogenic pattern of cardiovas¬
cular risk factors compared with sub¬
jects who do not convert to diabetes. In
further support of this concept is an ear¬
lier report by our group that nondiabet¬
ic subjects with a parental history of
diabetes (who would be more likely to be
prediabetics) have hyperinsulinemia80
and a more atherogenic pattern of car¬
diovascular risk factors than nondiabet¬
ic subjects without such a parental his¬
tory.21 Our results thus suggest that the
increased atherogenicity of the predia¬
betic phase may make an important con¬
tribution to the subsequent risk of coro¬

nary heart disease even before overt
diabetes develops. The atherogenicity
of the prediabetic phase may explain
why the severity of glycemia and the
duration of clinical diabetes are only

weakly associated with increased risk of
macrovascular complications.1,8"6 These
data are in keeping with previous re¬

ports that subjects who subsequently
convert to non-insulin-dependent dia¬
betes mellitus have higher blood pres¬
sure31"33 and higher total cholesterol33
even before they develop non-insulin-
dependent diabetes mellitus compared
with subjects who remain free of diabe¬
tes. In contrast, both glycosylated he¬
moglobin and duration of diabetes are

strongly related to the development of
diabetic retinopathy.2 Thus, in contrast
to the situation for microvascular com¬

plications of diabetes, the increased risk
of macrovascular complications may
start before the development of clinical
type II diabetes.

Other studies have suggested coseg-
regation of risk factors for coronary
heart disease. Williams et al34 have dem¬
onstrated that subjects with a family
history of hypertension also have a fa¬
milial aggregation of lipid and lipopro¬
tein disorders, a phenomenon they have
labeled "familial dyslipidemic hyperten¬
sion." Furthermore, many individuals
from these pedigrees were character¬
ized by hyperinsulinemia,80 and a subset
of families appeared to have familial
combined hyperlipidemia, said by some
to be the most common form of genetic
hyperlipidemia.36

Our data suggest that obesity, hyper-
glycemia, and hyperinsulinemia are all
characteristic of the prediabetic phase.
Although it can be difficult to separate
the effects of highly correlated vari¬
ables with multivariate models, when
subjects who converted to diabetes and
subjects who remained normal were

compared after adjusting for BMI alone
or BMI and glucose level, most of the
risk factor differences between future
converters and subjects who do not con¬
vert persisted. In contrast, adjustment
for insulin, either alone or in combina¬
tion with BMI, abolished all or nearly all
of these differences. Thus, the multi¬
variate results suggest a stronger role
for insulin than for glucose in the gene¬
sis of the atherogenic risk factor pattern
seen in prediabetic subjects. Likewise,
elimination of subjects with impaired
glucose tolerance at baseline did not
eliminate the more atherogenic profile
of the prediabetic group. In this analy¬
sis, prediabetic subjects were only mod¬
estly more hyperglycémie than subjects
who did not convert, but their insulin
levels were dramatically higher. Thus,
our results cannot be accounted for
merely by the enrichment of the predia¬
betic group with subjects with impaired
glucose tolerance.

These results are in accord with the
known stimulatory action of insulin on

triglycéride and hepatic very-low-den¬
sity lipoprotein secretion.18,15 The fact
that adjusting for insulin also reduced
the difference in blood pressure be¬
tween the two groups is compatible with
the hypothesis that hyperinsulinemia
may be causally linked to hyperten¬
sion.17"19 Insulin could contribute to hy¬
pertension in a number of ways. For
example, there are data that suggest
that hyperinsulinemia can raise blood
pressure by increasing sodium reab-
sorption at the level of the renal tubule37
and by activating the adrenergic ner¬
vous system.88 The role of insulin in rela¬
tion to diabetes, hypertension, and ath¬
erosclerosis has recently been sum¬
marized by Reaven.18

Several limitations of this study
should be noted. Our data are confined
to conventional lipids and lipoproteins,
but diabetic subjects also exhibit quali¬
tative changes in their lipoprotein com¬

position. These include increased levels
of intermediate-density lipoprotein cho¬
lesterol39 and increased glycation" and
oxidation of LDL.41 Additionally, small,
dense LDL particles (which may be
more atherogenic) are increased in sur¬
vivors ofmyocardial infarction,42 are un¬
der genetic control,43 and are also in¬
creased in subjects with familial,
combined hyperlipidemia.35 Although
these changes in lipoprotein composi¬
tion may contribute to the enhanced
atherogenicity of the diabetic state,41
further work will be needed using more

sophisticated lipoprotein techniques to
see if they antedate the diabetes itself.
Second, although we have presented
data that demonstrate that prediabetic
subjects have a more atherogenic pat¬
tern of cardiovascular risk factors, and
that this is not merely due to the pres¬
ence in the prediabetic group ofsubjects
with impaired tolerance, these results
do not preclude the possibility that hy-
perglycemia itself may play a role in the
pathogenesis of coronary heart disease.
Considerable basic laboratory research
supports a role for glycation products in
complications of diabetes.40 In addition,
in the Framingham population, ele¬
vated random blood glucose and glyc-
ated hemoglobin levels predicted coro¬

nary heart disease in women.44,45 These
latter reports, however, did not present
data on insulin levels.

In conclusion, it appears that subjects
who convert to diabetes are already at
increased risk of coronary heart disease
even before the onset of their clinical
diabetes. Moreover, this is true even

among prediabetic subjects who do not
meet established criteria for impaired
glucose tolerance. Metabolic character¬
istics of the prediabetic phase include
obesity, hyperglycemia, and hyperinsu-
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linemia. Although all these factors may
contribute to the increased atherogenic
profile of prediabetic subjects, insulin
may have a special role in promoting
this pattern in prediabetic Mexican
Americans, since this population is
characterized by hyperinsulinemia.25
These results need further confirmation
in other populations where hyperinsu¬
linemia is less common. Finally, our re¬
sults suggest that to reduce the cardio¬
vascular risk of diabetic individuals to
that of nondiabetic individuals, it may
be necessary to intervene before the
onset of clinical diabetes, since the
"clock has already begun to tick."

Note Added in Proof
A recent report from the Rancho Ber¬

nardo Study46 also indicated that predia¬
betic subjects have increased cardiovas¬
cular risk factors prior to the onset of
clinical diabetes.

This study was supported by grants
R01HL24799 and R37HL36820 from the National
Heart, Lung, and Blood Institute, Bethesda, Md.
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