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OBJECTIVE— To examine if the risk for CHD increases progressively with in-
creases in the BMI of normoglycemic, hyperinsulinemic, morbidly obese women
(BMI > 35 kg/m2).

RESEARCH DESIGN AND METHODS— Insulin sensitivity was evaluated by
calculating an ISI following an OGTT. There was a significant linear relationship
between ISI and BMI fitted by two straight lines intersecting at a point corresponding
to a BMI of 29.7 ± 1.5 kg/m2. Significant linear relationships between insulin
sensitivity and BMI were obtained below and above this breakpoint. Similarly, a
breakpoint for the relation between dBP and BMI corresponding to a BMI
>33.7 ± 3.4 kg/m2 was obtained. Significant linear relationships between BMI and
plasma fasting glucose, triglyceride, cholesterol, HDL cholesterol, sBP, or dBP were
not observed in the women with a BMI >35 kg/m2.

RESULTS— Compared with lean (BMI <27) women of similar age, the morbidly
obese patients appear to be at a higher risk for CHD. This is suggested by statistically
significant increases in fasting insulin (mean ± SD; 187 ± 137 vs. 64.2 ± 16.2 pM)
and triglyceride levels (128 ± 78.1 vs. 73 ± 25 mg/dl), sBP (132 ± 114 vs.
104 ± 15.8) and dBP (84 ± 72 vs. 67 ± 2.1 mmHg), and decreases in HDL cho-
lesterol (1.03 ± 0.44 vs. 1.29 ± 0.82 mM) and apo A-I (91 ± 55 vs. 122 ± 35
mg/dl) concentrations.

CONCLUSIONS — It appears that there may be a threshold of body mass up to
which insulin sensitivity is associated with CHD risk. Above this threshold, there
does not appear to be a progressive increase in the risk factors for CHD with increases
in BMI.
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Studies have shown that elevations
in plasma total cholesterol, LDL
cholesterol, and triglyceride levels

and decreases in the concentration of
HDL cholesterol may contribute to an
increased risk of developing CHD (1-5).
In addition, conditions associated with
decreased insulin sensitivity have been
reported to predispose individuals to a
higher CHD risk (6-8). Recently, Zava-
roni et al. (9) examined CHD risk factors
in a group of lean normoglycemic, but
insulin-resistant men, versus age- and
sex-matched insulin-sensitive control
subjects. They reported that fasting tri-
glyceride levels were higher, but HDL-
cholesterol concentrations were lower in
the insulin-resistant group compared
with the insulin-sensitive control sub-
jects. In addition, both sBP and dBP were
elevated in the insulin-resistant group.

The predisposition of obese indi-
viduals to a higher CHD risk may be
related to the tendency of those individ-
uals to have high plasma insulin levels,
high plasma triglycerides, and low HDL
concentrations. Recently, Manson et al.
(10) examined the incidence of nonfatal
and fatal heart disease in relation to obe-
sity in a large cohort study of American
women. They reported that a higher BMI
was positively associated with the occur-
rence of various categories of CHD.
However, because these investigators
have grouped the data for BMI, with the
highest category being a BMI > 29 kg/
m2, it is not possible from that study to
determine the effects of a BMI >35
kg/m2 on risk for CHD. Because we at
East Carolina University School of Med-
icine are a tertiary referral center under-
taking prospective studies of morbid
obesity, we sought to determine the ef-
fects of a BMI >35 kg/m2 on the three
principal risk factors for CHD, namely,
insulin sensitivity, BP, and plasma lipid
levels.

Our hypothesis was that increas-
ing BMI >35 kg/m2 would be associated
with a progressive increase in these risk
factors. We report herein our findings of
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the evaluation of CHD risk in morbidly
obese women (BMI > 35 kg/m2) com-
pared with lean control subjects (BMI
<27 kg/m2) and also the relationship of
CHD risk to increases in BMI >35 kg/
m2.

RESEARCH DESIGN AND
METHODS— The study population
included 51 consecutive morbidly obese
subjects undergoing screening tests at
East Carolina University School of Med-
icine Outpatient Center for gastric by-
pass operation for weight loss, with
proven normal OGTT ascertained by us-
ing the criteria of the National Diabetes
Data Group; and 75 nonmorbidly obese
volunteers who were seen in the same
clinic.

The 51 morbidly obese patients
conformed to the criteria of the depart-
ment of surgery for eligibility for the gas-
tric bypass procedure. These criteria
were as follows: J) the patients exceeded
their ideal body weight by 100% as de-
fined by the 1983 Median Weight of the
Metropolitan Life Insurance Tables; 2)
they had an acceptable surgical risk; 3)
they gave informed consent; 4) they de-
nied heavy alcohol abuse and did not
have history or evidence of peptic dis-
ease; and 5) they documented prolonged
attempts at weight reduction under the
direction of physicians or dietitians.

The other 75 patients who partic-
ipated had a BMI ranging from 15 to 40
kg/m2. They constitute patients who seek
medical advice for reasons other than
pregnancy. They too gave their consent
to enter the study after taking an OGTT.
Patients with diabetes mellitus, a history
of cardiovascular disease, or taking med-
ications that influence carbohydrate and
lipid metabolism were excluded. Many
of these patients were seeking help for
hysterectomies or elective surgery and
ranged in age from 19 to 54 yr.

This study was divided in two
parts. The first part included a compar-
ison of the risk factors for CHD between
the morbidly obese subjects (n = 51)
and a lean group (n = 40 with a BMI

<27, a subset of the 75 others). The
second part examined the relationship
between BMI on one hand and insulin
sensitivity, dBP, and sBP on the other.
We further determined the correlation
between insulin sensitivity and various
metabolic parameters in the morbidly
obese patients only, including correla-
tions between insulin sensitivity and
CHD risk factors.

Chemical analyses
Venous blood was drawn from each sub-
ject after a 12-h fast into tubes contain-
ing final concentrations of EDTA (1 mg/
ml) as an anticoagulant, DTNB (0.4 mg/
ml) as an inhibitor of lecithinxholesterol
acyl transferase activity, aprotinin (10
KlU/ml) as protease inhibitor, and NaN3

(0.1 mg/ml) to prevent bacterial contam-
ination. Plasma was immediately sepa-
rated from cells in a refrigerated centri-
fuge. A 2-ml aliquot of the plasma was
taken for the determination of the con-
centrations of plasma lipids, and another
aliquot (1 ml) was frozen under nitrogen
at — 20°C for the determination of con-
centrations of apo A-I and apo B. All
frozen samples were analyzed for apo-
protein content within 1 mo of storage.
Apoprotein concern rations were deter-
mined by the radial immunodiffusion
method of Albers et al. (11,12) as we
described previously (13,14). Plasma
triglyceride, total plasma cholesterol, and
HDL cholesterol were determined by us-
ing commercial kits, as we described pre-
viously (13,14). LDL concentration was
calculated by the Friedewald equation
(15). Plasma glucose concentrations
were determined by the glucose-oxidase
method (16) and insulin by radioimmu-
noassay (17). In addition, plasma glu-
cose and insulin concentrations were de-
termined at 30, 60, 90, and 120 min
after a 75-g oral glucose load. Insulin
sensitivity was calculated by determining
the ISI after the 2-h OGTT according to
Cederholm and Wibell (18). This
method uses information from the
OGTT. By using the integrated insulin
series and an adjustment for body size,

an estimate of average insulin in |xU is
obtained. Then based upon the glucose
load (75 g), the difference in basal and
2-h glucose from the OGTT and body
size, an estimate of metabolized glucose
is made. The ratio of metabolized glucose
to mean insulin is taken as a measure of
insulin sensitivity in mg times min~V
fiU.

Body fat content was estimated
by hydrostatic weighing as we have de-
scribed previously (13), and BMI was
calculated after the determination of
weight and height (BMI = weight/
height2 [kg/m2]). BP was determined by
using cuffs of the appropriate size and
with the subject recumbent for at least
10 min. The dBP was recorded at the
disappearance of korotkoff sounds
(phase 5).

Statistical analyses
Data were analyzed with the Statistical
Analyses System (SAS, 1985). Values are
reported as means ± SD and in some
cases ± 90% CI. Pearson correlation co-
efficients were used to assess linear asso-
ciation among the metabolic parameters,
and Student's t test to assess differences
between lean and obese groups. Not all
measurements were made on each sub-
ject, hence numbers of subjects may vary
somewhat. The method of Jones and
Molitoris (19) was used to determine
breakpoints. The breakpoints and slope
parameters are reported as means ± SE,
and 90% CIs are given on the figures.
Multiple linear regression was used to
adjust variables for the effect of age or
other covariables. Significant statements
were based on P < 0.05.

RESULTS— The clinical and biochem-
ical data of the 40 lean control
(BMI < 27 kg/m2) and morbidly obese
(BMI > 40 kg/m2) subjects are given in
Table 1. The two groups were of similar
age and fasting glucose levels, but insulin
levels were significantly higher in the
obese group. Plasma cholesterol levels
tended to be higher (not statistically sig-
nificant), HDL-cholesterol concentration
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Table 1—Clinical and biochemical characteristics of the lean and morbidly obese women

LEAN (BMI < 2 7 KG/M2) OBESE (BMI > 4 0 KG/M2)

N

AGE (YR)

BMI (KG/M2)

BODY FAT (%)

GLUCOSE (MM)

INSULIN (PM)

CHOLESTEROL (MM)

H D L CHOLESTEROL ( M M )

TRIGLYCERIDES (MG/DL)

CHOLESTEROL/HDL CHOLESTEROL

APO A-1(MG/DL)

APO B(MG/DL)

APO Al/B

sBP
DBP

40
35.9 ± 2.4(15.2)
21.7 ± 0.5 (3.2)

NOT DONE

5.8 ± 0.2 (1.4)
64.2 ± 16.2 (103)
4.24 ± 0.28 (1.8)
1.29 ± 0.13 (0.82)

73 ± 4
3.3 ± 0.2 (1.3)
122 ± 10 (34.6) (N = 12)t
115 ± 11 (38.1) ( N = 12)t
1.17 ± 0.12 (0.42)
104 ± 2.5 (15.8)

67 ± 2.1 (13.3)

51
34.0 ± 02.9 (20.7)
48.2 ± 1.0(7.1)*
48.3 ± 2.0 (14.2)

5.6 ± 0 . 3 (2.1)
187 ± 19.2 (137)*
4.89 ±0.11 (0.79)
1.03 ± 0.04(0.79)
128 ± 11(78.1)*
4.8 ± 0.4 (2.8)*
91 ± 13 (55.2) (N = 18)*t
115 ± 11 (46.2) ( N = 18)t
0.72 ± 11*
132 ± 16(114)*
84 ± 10(71)*

Values are means ± SE, with SD in parentheses.
*Statistically significant difference (P < 0.05).
tSubsets of the two main study groups.

was lower, and triglyceride levels were
higher in the obese subjects. Apo A-I
concentration measured in a subset of
the obese patients (n = 18) was de-
creased, but apo B levels did not differ
from the lean control. Cholesterol/HDL-
cholesterol ratio was increased, and apo
A-I/B ratio, the so-called atherogenic in-
dex, was decreased in the obese females.
Both sBP and dBP were significantly
higher in the obese compared with the
lean subjects.

The relationship between ISI and
BMI (Fig. 1) was fit by using two straight
lines that intersected at an estimated BMI
of 29.7 ± 1.5 kg/m2 (90% Cl: 27.3,
32.1). This value corresponds to an ISI of
1.7 mg glucose/JJLU insulin per min.
With this breakpoint (BMI = 29.7 kg/
m2) as a means of dividing the sample,
the relationship between BMI and ISI
was examined below and above the
breakpoint for statistical significance. In
both cases, the linear relationship of BMI
and ISI was statistically significant with
the slope below the breakpoint =
-0.51 ± 0.04 and above it = -0.03 ±
0.02 (Fig. 1). Adjustment for age did not
modify these relationships.

The relationship between BP and
BMI or ISI is shown in Fig. 2 and Fig. 3,
respectively. The program of Jones and
Molitoris (19) was also used to estimate
the breakpoint for both of these relation-

10-

8-

OT 6-

4-

BMK29.7
slope=-.5(±.06)
intercept^i 6.8

Breakpoint
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35 45
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Figure 1—Relationship of insulin sensitivity to

BMI. Insulin sensitivity is represented by the ISI,

which was calculated according to Cederholm

and Wibell (18), after an OGTT. The relation-

ship of ISI and BMI was significant (P < 0.001)

below the breakpoint with a correlation coeffi-

cient versus —0.35. Similarly, ISI and BMI were

negatively and significantly related (P < 0.001)

above the breakpoint with r = —0.67. Values in

brackets represent the Cls.
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Figure 2—Relationship ofsBP (A) and dBP (B)

to BMI. sBP correlated positively and signifi-

cantly (r = 0.704; P < 0.001) with BMI below

the breakpoint, but approached significance

(r = -0.301; P < 0.53) above the breakpoint.

dBP was positively correlated with BMI

(r = 0A51) and significantly (P < 0.004) below

the breakpoint, but was not significantly corre-

lated with BMI (r= -0.1; P - 0.46) above the

breakpoint.

ships. These points were a BMI of
40.9 ± 1.9 kg/m2 (90% CI: 37.7, 44.1
kg/m2), and an associated sBP of 135.8
mmHg (Fig. 2A). The breakpoint BMI of
33.8 ± 3.4 kg/m2 was observed with a
corresponding dBP of 85.7 mmHg (Fig.
2B). In both cases, the linear relationship
with BMI was statistically significant be-
low the breakpoint, but not significant
above it. Similarly, the linear relation-
ships of sBP and dBP with ISI (Fig. 3)
were examined. The breakpoint model
provided improved fit over a single
straight line (for sBP vs. ISI, P = 0.060;
dBP vs. ISI, P = 0.013). The estimated
breakpoints were an ISI = 5.6 ± 1.2 and
a corresponding sBP of 100 mmHg (Fig.
3A). Linear relationships (Fig. 3) were
statistically significant below the break-
point, but not above it for both sBP and
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Figure 3—Relationship of ISI to sBP (A) and
dBP (B). Both sBP and dBP correlated negatively
and significantly (sBP, P < 0.001; dBP,
P < 0.004) with 1S1 below the breakpoint, but no
significant correlation between either sBP or dBP
with ISl were observed above the breakpoint.

dBP. These findings were not altered af-
ter adjustment for age.

Frequency distributions of
plasma insulin and insulin sensitivity of
the morbidly obese women are shown in
Fig. 4 and for the lean subjects in Fig. 5.
Fasting insulin levels of 49 of 51 (>95%)
morbidly obese women but only 2 of 37
(2.3%) lean subjects were >64 pM, the
mean insulin concentration of the lean
group (Table 1). All the obese subjects
had an 1SI <3.5, which is far below that
of the 27 lean control subjects whose
average ISI = 5. Furthermore, 38 (75%)
morbidly obese subjects had an ISI of
<1.5 (Fig. 4B), compared with 1 (2.7%)
lean control subject (Fig. 5B). These data
clearly show that this population of
obese subjects is hyperinsulinemic, and
that the hyperinsulinemia may be partly
attributable to the increased resistance of
tissues to insulin action.

Table 2 shows the correlations
between insulin sensitivity and some

metabolic parameters in only the mor-
bidly obese group of patients. Insulin
sensitivity correlated negatively and sig-
nificantly with BMI. glucose area under
the curve during OGTT, fasting insulin,
and insulin area. On the other hand, no
statistical correlations were observed be-
tween insulin sensi:ivity and some pa-
rameters that usually are associated with
high CHD risk. Specifically nonsignifi-
cant correlations between insulin sensi-
tivity and plasma triglycerides, choles-
terol, HDL cholesterol, sBP, and dBP
were observed.

CONCLUSIONS— The association
between elevated plasma insulin levels
and a higher risk and incidence of CHD
has been demonstrated in earlier clinical
(20-23), epidemiological (25,26), and
experimental (27,28) studies. Because
higher than normal plasma insulin levels
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Figure 4—Frequency distribution of fasting
plasma insulin levels (A) and the ISI (B) of the
morbidly obese patients vnth BMI >35 kg/m2.
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Figure 5—Frequency distribution of fasting
plasma insulin levels (A) and ISI (B) of nonmor-
bidly obese subjects, BMI <27 kg/m2.

are partly caused by tissue resistance to
insulin action, insulin resistance rather
than hyperinsulinemia per se may be the
underlying cause of enhanced CHD risk.
Studies have shown that the risk of CHD
is higher in lean but insulin-resistant
subjects (9), and that within the
nonobese population, a wide spectrum
of insulin resistance exists (29). Simi-
larly, obese subjects with normoglycemia
have been reported to have a higher
CHD risk. The normal glucose levels in
obesity appear to be the result of overse-
cretion of insulin to compensate for re-
sistance of peripheral tissue to insulin
action (30). The question that was ad-
dressed in this study was does the in-
crease in insulin resistance that accom-
panies an increase in BMI result in a
progressive enhancement of CHD risk?
To answer this question, we first com-
pared the CHD risk factors between mor-
bidly obese (BMI >35 kg/m2) hyperin-
sulinemic but normoglycemic women
with nonobese (BMI <27 kg/m2) control
subjects. We then examined the relation-
ships between morbid obesity and the
various risk factors associated with CHD.
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Table 2—Correlation between insulin
sensitivity and various metabolic
parameters in the morbidly obese women

PARAMETER R VALUE

SIGNIFICANCE

(P)

BMI

FASTING GLUCOSE

GLUCOSE AREA

FASTING INSULIN

INSULIN AREA

TRIGLYCERIDES

CHOLESTEROL

H D L CHOLESTEROL

sBP

DBP

TOBACCO USE

ALCOHOL USE

-0.34
-0.19
-0.49
-0.36
-0.81
-0.17
-0.23
0.05
0.10

-0.11

0.003

0.15

0.015
0.16

0.0002

0.011
0.0001

0.25

0.11
0.73
0.49
0.42
0.98
0.29

Consistent with the findings of
Zavaroni et al. (9), the morbidly obese
subjects in this study who were hyperin-
sulinemic but normoglycemic may be at
a higher risk of CHD than normoinsu-
linemic control subjects. This is sug-
gested by the relatively higher triglycer-
ide levels, higher sBP and dBP, higher
total to HDL-cholesterol ratio, and de-
creases in HDL cholesterol, apo A-I lev-
els, and apo A-l/B ratio (Table 1). These
changes in the plasma lipid and apopro-
tein concentrations and the increased BP
have been demonstrated to be associated
with a higher CHD risk.

One novel finding in this study is
the demonstration of breakpoints in the
relationships of insulin sensitivity and
BMI, insulin sensitivity and BP and BP
and BMI (Figs. 1-3). Campbell and Ger-
ich (31) examined the relationship of
obesity with impairments in insulin ac-
tion. By estimating the plasma insulin
concentration that produced half-maxi-
mal glucose disposal (EC50), they found
that EC50 increased linearly beyond a
BMI of 26.8 kg/m2; below this BMI, a
nonsignificant correlation between EC50

and BMI existed. They concluded that
insulin sensitivity for glucose disposal is
impaired in humans with normal glucose
tolerance who exceed a critical threshold

of obesity. Using a different method of
estimation of insulin sensitivity, our re-
sults showed that beyond a BMI of —30
kg/m2, insulin sensitivity decreased sig-
nificantly. Below this breakpoint, how-
ever, the slope of the decrease in insulin
sensitivity was steeper (Fig. 1). This was
not surprising, because it has been
shown that within the lean population,
insulin sensitivity varies widely, with
~25% of the lean population exhibiting
insulin resistance (29).

The association between insulin
resistance and primary hypertension was
reported to be independent of obesity
(32). Our results show that BP correlated
with increases in body weight up to a
point corresponding to a BMI of 35 kg/
m2. Beyond this point, no significant
changes in BP were observed. Similarly,
plasma lipid concentrations did not cor-
relate with increases in BMI >35 kg/m2.
Reaven et al. (37) described Syndrome
X, where the risk of CHD was higher in
hyperinsulinemic, nonobese normogly-
cemic subjects than age- and sex-
matched control subjects. This study
showed that this correlation between
CHD and insulin resistance does not
seem to apply to morbidly obese sub-
jects. Our results indicated that our hy-
pothesis was not correct in that with in-
creases in BMI >35 kg/m2, the coronary
risk status does not increase progres-
sively with increasing BMI. These results
lead us to postulate that a threshold of
body weight may exist up to which in-
sulin sensitivity is associated with a high
CHD risk, and which defines the popu-
lation of individuals with Syndrome X.
Above this threshold, there does not ap-
pear to be substantial additional risk that
would further compound CHD. Our
findings suggest that this threshold point
corresponds to a BMI = 31 kg/m2.
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