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Comparative study of risk factors in patients
undergoing coronary or femoropopliteal artery
bypass grafting

F Mainard, J L Auget, P Vest, Y Madec

Abstract
Objective-To compare risk factors in
two populations of patients with
advanced atheroma requiring coronary
or femoropopliteal artery bypass grafting
to try to account for the different local-
isations ofvascular disease.
Design-Cross sectional epidemiological
study.
Setting-Cardiovascular surgery depart-
ment of a university hospital.
Subjects-464 men (mean age 59 25 (SD
8.57) years) undergoing coronary artery
bypass grafting; 74 men (mean age 56 28
(13-3) years) undergoing femoropopliteal
artery bypass grafting; and 204 control
men (mean age 45*07 (6.59) years) who
had been recruited in a preventive medi-
cine department.
Interventions-Blood samples were
drawn 24 hours before surgery.
Methods-Lipid and lipoprotein concen-
trations were measured for each patient
and with adjustment for age were com-
pared by analysis of covariance. The
main risk factors (smoking, arterial
hypertension, obesity, and diabetes) were
determined by a standardised history,
and the x2 test was used to compare the
results in the two patient groups.
Pairwise comparisons between the three
populations were performed by logistic
discrimliinant analysis.
Results-Both patient groups showed a
significant rise in triglyceride concentra-
tion and in the ratio of total cholesterol to
high density lipoprotein cholesterol (RI)
and a drop in apolipoprotein AI and high
density lipoprotein cholesterol concen-
trations. Disturbances were greater in
patients undergoing coronary artery
bypass grafting than in those undergoing
femoropopliteal artery bypass grafting
for the RI ratio, apolipoprotein B con-
centration, and the ratio of apolipopro-
tein AI to apolipoprotein B (R2). A
higher proportion of smokers was found
in the femoropopliteal bypass group than
in the coronary bypass group, whereas
patients in the coronary bypass group
were often obese. Logistic discriminant
analysis with adjustment for age and with
the coronary bypass as the reference
group selected three factors: smoking,
the R2 ratio, and obesity.
Conclusion-Disturbances in lipid and
apoprotein concentrations varied with

respect to bypass site. Other risk factors
played a part in accelerating the athero-
genic process, especially smoking in
patients undergoing femoropopliteal
artery bypass grafting and, to a lesser
degree, obesity in patients undergoing
coronary artery bypass grafting.

(Br HeartJ 1994;72:542-547)

Various epidemiological studies have shown
the role of lipids and lipoproteins in atheroge-
nesis. These substances accumulate preferen-
tially in cerebral vessels, where they may cause
cerebrovascular accidents; in coronary arter-
ies, where they may be responsible for clinical
manifestations of angina and ultimately lead
to myocardial infarction; or in arteries of the
lower limbs, where they can produce arteritis.
Although risk factors for these three categories
of cardiovascular disease have been previously
investigated' and comparisons performed with
control populations, few studies have
addressed the relation of risk factors to the site
of atheroma. We compared risk factors in two
populations with advanced atheroma requir-
ing coronary or femoropopliteal artery bypass
grafting to try to account for the different
localisations of vascular disease.

Patients and methods
POPULATIONS
The procedures followed were in accordance
with the Helsinki declaration, and all subjects
gave their informed consent.
The patients studied had been admitted to

the cardiovascular surgery department of the
G and R Laennec Hospital (Nantes
University Hospital) for coronary or
femoropopliteal artery bypass grafting. They
were recruited between 1986 and 1989 (when
few patients were treated with hypolipidaemic
drugs before surgery). Women were not
included because of hormonal variations in
the age range of the patients studied. The
coronary bypass group was composed of 464
men (mean age (SD): 59 25 (8-57) years;
range 33-81) and the femoropopliteal bypass
group of 74 men (56 28 (13-03) years; range
32-93).

These patients were not representative of
the total population with coronary artery dis-
ease or arteritis of the legs but corresponded
to groups with an advanced state of atheroma,
implying a need for surgery.
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The two types of bypass surgery were not
performed in emergency conditions but were
scheduled after coronary arteriography indi-
cated lesions (number, site, and size) in
patients undergoing coronary artery bypass
grafting or after ultrasonography, Doppler
examination, and arteriography of the lower
limbs in patients undergoing femoropopliteal
artery bypass grafting.

Lipids and lipoprotein concentrations were

analysed for each patient, and the presence of
the other main risk factors (smoking, arterial
hypertension, obesity, and diabetes) was
determined from a standardised history.
These factors were strictly defined as follows.
Patients who smoked within the past two years

were considered to be smokers. Hypertensive
patients had a systolic blood pressure above
160 mm Hg and a diastolic blood pressure

above 95 mm Hg or had been treated for arte-
rial hypertension. Diabetic patients had been
treated for insulin dependent or non-insulin
dependent diabetes. Obese patients were 20%
over their theoretical weight as calculated by
the Lorentz formula: theoretical weight =

T- 100-(T- 150/a) where T is height in cm
and a is 4 (for a man).

Patients undergoing coronary artery bypass
grafting who had been treated with hypolipi-
daemic drugs and ,B blockers were excluded
from the study.
The control group, recruited among hospital

and university staff by the preventive medi-
cine department, was composed of 204 men
(mean age 45 07 (6 59) years; range 35-63).
Subjects had no cardiovascular history
(angina pectoris, myocardial infarction), cere-

brovascular history, or arteritis of the lower
limbs. They were euthyroid, did not take any

drugs affecting the lipid profile, and were not
hypertensive, obese, diabetic, or smokers. The
last criterion may seem arbitrary and unrealis-
tic in that some authors have excluded diabet-
ics and hypertensive subjects from their
control groups but have included smokers.24
Such a choice seemed illogical to us: all the
main risk factors (smoking, hypertension, dia-
betes, and obesity) should either be totally
excluded or be totally retained. If all the main
risk factors were totally retained the control
population would be a group without cardio-
vascular history. For ethical reasons angiogra-
phy and arteriography of the lower limbs were
not performed in control subjects.

MEASUREMENT OF LIPID, LIPOPROTEIN, AND
APOPROTEIN CONCENTRATIONS

Blood samples were drawn 24 hours before
surgery to avoid any disturbances of lipopro-
tein balance due to extracorporeal circulation
during surgery or stress caused by the opera-
tion.' The patient had fasted for 12 hours and
had taken no preoperative drugs.

Blood from venous puncture in the crook
of the arm was collected in 5ml tubes contain-
ing 100,ul ethylenediaminetetra-acetic acid
(EDTA) 19 mmol/l and centrifuged at 1500 g
for 10 minutes at 15°C. Lipid variables were
determined by assays on the same day in
plasma stored at 4°C. Cholesterol and tri-

glyceride assays were performed by enzymatic
methods based on the Trinder reaction6
using, respectively, a peroxidase antiperoxi-
dase enzymatic cholesterol kit (reference
230691) and a peroxidase antiperoxidase
enzymatic triglyceride kit (reference 759350,
Boehringer, Meylan, France). Standard
serum (calibrated for automated systems, ref-
erence 759350) and control serum (Precilip
EL, reference 225053, both supplied by
Boehringer) and the biochemical automatic
analyser (Hitachi 704) were the same for both
assays.

High density lipoprotein cholesterol was
isolated by a phosphotungstate-magnesium
chloride method.7 High density lipoprotein
cholesterol was assayed in the supematant by
the method used for total cholesterol.

Apolipoprotein AI and apolipoprotein B
were evaluated by an immunonephelometric
method according to the protocol of
Munscher et al.8 Antibodies, standards, and
controls were supplied by Behring (Rueil
Malmaison, France). From total cholesterol
and high density lipoprotein cholesterol val-
ues, on the one hand, and apolipoprotein AI
and apolipoprotein B values, on the other, we
determined ratios referred to respectively as
RI and R2, which change inversely and
express atherogenic risk more accurately.

It would have been possible to determine
low density lipoprotein cholesterol according
to the formula of Friedewald et al based on
three values (total cholesterol, high density
lipoprotein cholesterol, and triglycerides).9
The drawback with this method is the cumula-
tive percentages of error resulting from the
three assays. Moreover, calculation is limited
by a threshold concentration for triglyceride,
thus excluding expression of results for some
hypertriglyceridaemic serum samples. For
these reasons, only apolipoprotein B was used
to determine low density lipoprotein choles-
terol.

STATISTICAL METHODS
Statistical analysis was performed using the
SYSTAT package.'0 As a preliminary study had
indicated that age was highly correlated with
most lipid variables, comparisons of means
with adjustment for age were performed by
analysis of covariance. The x2 test was used to
compare the percentages of patients in the
two groups who had risk factors other than
lipid concentrations. A significance level of
0 005 was chosen for Bonferroni's proce-
dure."

Table 1 Distribution of isk factors for atheroma in two
patient populations. Values are numbers (percentages) of
patients

Coronary Femoropopliteal
bypass bypass
(n = 464) (n = 74) P value*

Smoking 247 (53) 62 (84) <0-001
Arterial hypertension 161 (35) 16 (22) 0-022
Obesity 183 (39) 16 (22) 0 003
Diabetes 67 (14) 11 (15) 0-92

*Z2 test; P < 0-05 is significant; Bonferroni's procedure
a = 0-005.
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Table 2 Comparison ofmean (SD) lipid values in the two patient populations (excluding diabetic subjects) and controls

P value*
Femoropopliteal Coronary Femoropopliteal

Coronary bypass bypass Controls bypass bypass
(n = 397) (n = 204) (n = 204) v controls v controls

Total cholesterol (mmolIl) 6-07 (1-14) 5-72 (1-04) 5 90 (0 79) <0 003 0-10
Triglycerides (mmol/l) 1-56 (0-96) 1-90 (0 90) 1-26 (0-41) <0-001 <0-001
HDL cholesterol (mmol/l) 1-14 (0 29) 1 21 (0-34) 1-51 (0 33) <0-001 <0-001
Rl (total cholesterol: HDL cholesterol) 5-60 (1-61) 5-06 (1-52) 4-10 (1-07) <0-001 <0-001
ApolipoproteinAI (g/l) 1 19 (0 25) 1-26 (0 28) 1-45 (0 24) <0-001 <0-001
Apolipoprotein B (gfl) 1-33 (0-31) 1-23 (0 29) 1-22 (0 22) <0-001 0 59
R2 (apolipoprotein Al: apolipoprotein B) 0 93 (0-28) 1-08 (0 37) 1-24 (0 33) <0-001 0-011

HDL, high density lipoprotein.
*Bonferroni procedure a = 0 005.

Table 3 Comparison of mean (SD) lipid values in the two patient populations
(including diabetic patients)

Coronary bypass Femoropopliteal bypass
(n = 464) (n = 74) Pvalue

Total cholesterol (mmol/l) 6-04 (1-12) 5 70 (1-05) 0-006
Triglycerides (mmol/l) 1-98 (1-03) 1 99 (1-00) 0-72
HDL cholesterol (mmol/l) 1-13 (0 30) 1-20 (0 34) 0 05
RI (total cholesterol: HDL cholesterol) 5-64 (1-75) 5 07 (1-53) 0-002
Apolipoprotein Al (g/l) 1-18 (0 25) 1-24 (0 28) 0-03
Apolipoprotein B (g/l) 1-32 (0 30) 1-22 (0-29) 0 004
R2 (apolipoprotein AI: apolipoprotein B) 0 94 (0 29) 1-07 (0 37) <0-001

HDL, high density lipoprotein.
*Bonferroni procedure a = 0 005.

Logistic discriminant analysis with adjust-
ment for age was performed in the pairwise
comparison of the three groups through
simultaneous treatment of quantitative (lipid)
and qualitative binary (other risk factors) vari-
ables. A stepwise procedure was used to select
the most discriminant variables and their
interaction.

Results
RISK FACTORS OTHER THAN LIPID VALUES IN

THE TWO PATIENT GROUPS
Table 1 shows the distribution of risk factors
in each patient group. The x2 test specified the
degree of significance expressed as the differ-
ence in the distribution of each risk factor
between the two groups. There were more

smokers (P < 0O001) in the femoropopliteal
bypass group. In this respect, calculation of
the odds ratio showed that for a smoker with a

vascular problem the risk of femoral atheroma
was 4-54 times greater than the risk of coro-

nary atheroma.

LIPID AND APOLIPOPROTEIN VARIABLES IN THE
THREE GROUPS

Table 2 shows the comparisons of means with

adjustment for age for the two patient popula-
tions (excluding diabetic subjects) versus con-

trols.
Compared with the controls patients

undergoing coronary artery bypass grafting
showed significantly increased values for total
cholesterol, triglyceride, and apolipo-
protein B, and the Rl ratio and significantly
decreased values for high density lipoprotein
cholesterol, apolipoprotein AI, and the R2
ratio.
Our observations for patients undergoing

femoropopliteal artery bypass grafting were
the same except that total cholesterol and
apolipoprotein B values were not significantly
different from those of controls.
The comparative study of mean values in

the two groups of patients (including diabetic
subjects) (table 3) showed significantly lower
values for the Rl ratio and apolipoprotein B
and a higher R2 ratio (total cholesterol con-

centration being significantly lower but bor-
derline).

INFLUENCE OF OTHER RISK FACTORS ON LIPID

AND APOLIPOPROTEIN VALUES
Table 4 shows lipoprotein and apolipoprotein
values for smokers and non-smokers in the
two patient groups. Analysis of covariance
accounting for age showed a significant
increase in triglyceride concentrations in
smokers undergoing coronary artery bypass
grafting and a significant decrease in high
density lipoprotein cholesterol concentration
in smokers undergoing femoropopliteal artery
bypass grafting (a borderline significant rise
being observed for the Rl ratio in the
femoropopliteal bypass group).

In table 5 analysis of covariance showed a

significant increase in triglyceride concentra-
tion in obese patients undergoing coronary

Table 4 Influence ofsmoking on mean (SD) lipid values in the two patient populations
Coronary bypass (n = 462) Femoropopliteal bypass (n = 74)

Smokers Non-smokers Smokers Non-smokers
(n = 247) (n = 217) Pvalue (n = 62) (n = 12) Pvalue

Total cholesterol (mmol/l) 6-08 (1-10) 6-00 (1-14) 0-83 5-72 (1-10) 5-59 (0 84) 0-63
Triglycerides (nnol/l) 2-16 (1-16) 1-78 (0 83) 0-002 2-10 (1-04) 1-43 (0 49) 0-06
HDL cholesterol (mmol/l) 1-12 (0 29) 1-14 (0-32) 0 97 1-15 (0 32) 1-46 (0 35) 0-003
Rl (total cholesterol: HDL cholesterol) 5-75 (1-78) 5-52 (1-70) 0-81 5-28 (1-52) 3-99 (1-03) 0-008
Apolipoprotein AI (g/l) 1-27 (0-25) 1-20 (0-24) 0 37 1-22 (0 26) 1-38 (0 35) 0-09
Apolipoprotein B (g/l) 1-33 (0 30) 1-30 (0 30) 0 95 1-23 (0 30) 1-14 (0 23) 0-18
R2 (apolipoprotein AI: apolipoprotein B) 0-92 (0 30) 0 97 (0 27) 0-55 1-05 (0-38) 1-21 (0 29) 0-11

HDL, high density lipoprotein.
*Bonferroni procedure a = 0 005.
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Table 5 Influence of obesity on mean (SD) lipid values in the two patient populations

Coronary bypass (n = 464) Femoropopliteal bypass (n = 74)

Obese Non-obese Obese Non-obese
(n = 183) (n = 281) Pvalue (n = 16) (n = 558) Pvalue*

Total cholesterol (mmol/l) 6-09 (1-10) 6-00 (1-13) 0-56 6-17 (1-28) 5-57 (0 95) 0 04
Triglycerides (mmol/l) 2-21 (1-20) 1-84 (0 89) <0-001 2-44 (1-53) 1-86 (0-77) 0 04
HDLcholesterol (mmol/1) 1-10 (0 28) 1-16 (0-31) 0-06 1-25 (0 33) 1-18 (0 35) 0-48
RI (total cholesterol: HDL cholesterol) 5-87 (1-71) 5 49 (1-76) 0-04 5-29 (2 04) 5-01 (1-37) 0-51
ApolipoproteinAl (g/1) 1-16 (0 25) 1-20 (0 24) 0-10 1 31 (0-33) 1-23 (0-26) 0-27
Apolipoprotein B (g/l) 1-34 (0 30) 1-30 (0 30) 0-22 1-28 (0 40) 1-20 (0-25) 0-39
R2 (apolipoprotein AI: apolipoprotein B) 0-89 (0 27) 0 97 (0 29) 0-01 1-11 (0 45) 1-06 (0 35) 0-63

HDL, high density lipoprotein.
*Bonferroni procedure a = 0 005.

bypass but not in those undergoing
femoropopliteal bypass. The lack of signifi-
cance may have been due to the lower number
of patients in the latter group.

LOGISTIC DISCRIMINANT ANALYSIS
In comparisons with controls, age adjusted
logistic discriminant analysis (table 6) selected
triglyceride and apolipoprotein AI values, the
Rl ratio, and the interaction between age and
Rl for patients undergoing coronary artery
bypass grafting (excluding diabetic subjects).
Coefficients in the logistic model were posi-
tive for triglyceride values and the RI ratio
and negative for apolipoprotein concentra-
tion, suggesting that triglyceride concentra-
tion and RI but not apolipoprotein AI
concentration were conducive to cardiovascu-
lar disease in these patients.

Table 6 Results of logistic discriminant analysis between patients undergoing coronary
artery bypass grafting (excluding diabetic patients) and controls

Variable Estimated coefficient SE T ratio P value Odds ratio

Constant - 19-94 4-43 -4 50 <0.001
Age 0 43 0 09 5-01 <0-001 1-54
Triglyceride value 1-29 0-32 4.03 <0-001 3-62
Apolipoprotein AI value - 3-68 0 74 -4 97 <0-001 0 03
RI ratio 2-38 0-80 2-97 0.003 10-80
Age x R1 -004 0-02 -263 0009 0-96

Likelihood ratio statistic G = 459.3, df = 1, P < 0-001.

Table 7 Results of logistic discriminant analysis between patients undergoingfemoral
artery bypass grafting (excluding diabetic patients) and controls

Variable Estimated coefficient SE T ratio P value Odds ratio

Constant -19-58 4-58 -4-28 < 0-001
Age 0 30 009 3-42 0-001 1-35
Triglyceride value 1-36 0 40 3-37 0-001 3-89
RI ratio 1-92 0-86 2-22 0-026 6-81
Age x Ri -003 0-02 -1-91 0057 097

Likelihood ratio statistic G = 459 3, df = 1, P < 0-001.

Table 8 Results of logistic discriminant analysis of the two patient populations (including
diabetic patients) *

Variable Estimated coefficient SE T ratio P value Odds ratio

Constant - 2-74 0.97 -2-83 0-005
Age -0-02 0-01 -1-45 0-15 0-98
Triglyceride value 1-47 0-34 4-28 <0-001 4-33
RI ratio 1-31 040 3-31 <0-001 3-71
Age x RI -0-82 0-31 -2-66 0-008 0-44

Likelihood ratio statistic G = 459-3, df = 1, P < 0-001.
*Patients undergoing coronary artery bypass grafting were reference group.

Selection of the interaction between age
and RI in this analytic model showed that the
variation in the Rl ratio with age was not the
same in patient and control populations. An
increase of 1 in the Rl ratio for a subject
meant that cardiovascular risk was 10-79
times greater.
The same analytical procedure for patients

(excluding diabetic subjects) undergoing
femoropopliteal artery bypass grafting and
controls selected triglyceride concentration,
Rl, and the interaction between age and RI
(table 7). Coefficients for triglyceride concen-
tration and Rl were positive, as for the other
patient group versus controls.

Table 8 shows the results of discriminant
analysis when the two patient groups were
compared (the reference group being the
coronary bypass group) and diabetic subjects
were included. The selected factors were
smoking, R2, and obesity. The coefficients in
the logistic model were positive for smoking
and the R2 ratio and negative for obesity. The
odds were 4-33 times greater that a smoker
with atheroma would belong to the
femoropopliteal bypass group rather than the
coronary bypass group.

Discussion
Univariate analysis accounting for age showed
that lipid and lipoprotein variables in patients
undergoing coronary artery bypass grafting
were significantly disturbed compared with
those in controls. These results are in agree-
ment with many previous studies of men with
coronary disease, notably recent studies by
Genest et al and Sigurdsson et al.12 13 Similar
disturbances, except for total cholesterol,
apolipoprotein B and the R2 ratio, were also
noted in patients undergoing femoropopliteal
artery bypass grafting. These results are con-
sistent with those of Pomrehn et al and Senti
et al.2' 14
The discriminant factors for patients

undergoing coronary artery bypass grafting
were triglyceride and apolipoprotein AI values
and the ratio of total cholesterol to high density
lipoprotein cholesterol (Ri). Various epidemi-
ological studies have reported that high den-
sity lipoprotein cholesterol is a major risk
factor in subjects with coronary artery disease,
whether considered separately3 15-18 or in asso-
ciation with total cholesterol. Our results are
in agreement with our previous data'9 and
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with those of Castelli and Lehtonen et al, who
emphasised the importance of the Rl ratio as
well as apolipoprotein AI.20 21 Triglycerides are
also an important risk factor, and their role in
coronary artery disease has been shown.22 24

Triglycerides and the Rl ratio were also
found to be discriminant factors in patients
undergoing femoropopliteal artery bypass
grafting. These results are consistent with
those of Trayner et al for the Rl ratio25 and
those of Senti et al for triglycerides.2 Senti et al
considered that triglycerides of intermediary
density and very low density lipoproteins are
particularly important because of the cata-
bolic disorders of these lipoproteins and their
remnants.

Patients undergoing coronary artery bypass
grafting tended to have more disturbed lipid
and lipoprotein values, suggesting that other
risk factors may have a greater influence on
the atherosclerotic process in many subjects
with peripheral vascular disease. In fact, our
study showed that more of the femoro-
popliteal bypass group than the coronary
bypass group smoked.

Age adjusted analysis in patients undergo-
ing femoropopliteal artery bypass grafting
showed that smokers had a significant
decrease in high density lipoprotein choles-
terol and a significant increase in the RI ratio.
Conversely, the same analysis in the other
patients showed that high density lipoprotein
cholesterol values were not significantly
higher in smokers, unlike findings in other
studies.26-28 This suggests that lipid and
lipoprotein variables in subjects with arteritis
of the lower limbs are more sensitive to the
effects of smoking.

Obesity also influenced triglyceride concen-
tration in patients undergoing coronary artery
bypass grafting. The association of hyper-
triglyceridemia with obesity has been reported
previously.29-31

Analysis of all these risk factors in the two
bypass groups indicated three selective fac-
tors: smoking, the R2 ratio, and obesity.
Kannel and Shurtleff have also emphasised
that smoking in subjects with predisposing
factors can accelerate the atherogenic process
and lead to intermittent claudication.32
Smoking not only affects lipid and lipoprotein
variables but also haemorrheologic factors
(decreased erythrocyte deformability and
increased blood viscosity, which can result in
poor oxygenation of tissues). Moreover,
smokers have a much higher blood carboxy-
haemoglobin concentration than non-smok-
ers, thus reducing the capacity of
haemoglobin to carry oxygen.33
The Rl ratio is a significant factor in dis-

criminating between either group of athero-
matous patients and controls; the R2 ratio is
an important discriminant factor between the
two groups of patients. This role of the ratio,
which to our knowledge has not been consid-
ered in previous studies, indicates the useful-
ness of determining apolipoprotein AI and
apolipoprotein B values in such patients.

Obesity, the third factor selected, was more

apparent in patients undergoing coronary

artery bypass grafting, causing disorders in the
metabolism of very low density lipoproteins
and high density lipoprotein.31 However, this
mechanism does not explain why the process
has a preferential effect on coronary arteries.
Our study indicates that both bypass

groups had disturbed lipid and lipoprotein
variables. However, the abnormalities were
greater in the coronary bypass group than in
the femoropopliteal bypass group, particularly
for the R2 ratio. Other risk factors thus played
a part in accelerating the atherogenic process,
especially smoking in patients undergoing
femoropopliteal artery bypass grafting and, to a
lesser degree, obesity in patients undergoing
coronary artery bypass grafting. The inci-
dence of smoking and obesity on lipid and
lipoprotein variables implies that these factors
should be eliminated before any drug treat-
ment is started.
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