








e KOsiske et al

TABLE 2. Independent risk factors for ischemic heart disease®

Multivariate Analysis
Independent Risk Factors U:::/glsg:e
Model 1 Model 2 Model 3
Age (each decade) 1.49 (0.000) 1.88 (0.000) 1.66 (0.000) 1.71 (0.000)
Diabetes at Transplant 2.09 (0.001) 3.25 (0.000) 2.90 (0.000) 1.67 (0.058)
Male 2.28 (0.001) 2.68 (0.000) 2.49 (0.000) 2.25 (0.000)
Pretransplant Splenectomy 1.65 (0.090) 2.07 (0.038) 1.89 (0.037) 1.98 (0.043)
Each Acute Rejection 1.26 (0.010) 1.40 (0.000) 1.39 (0.000) 1.31 (0.008)
HDL (each 10 mg/dL) 0.80 (0.010) 0.82 (0.017) 0.82 (0.021) 0.80 (0.010)
Pretransplant IHD 6.00 (0.000) Excluded 3.05 (0.000) 1.63 (0.091)
Posttransplant PVD 9.08 (0.000) Excluded Excluded 4.58 (0.000)
Posttransplant CVD 15.61 (0.000) Excluded Excluded 8.25 (0.000)

9 Relative risk and (in parentheses) P value for univariate and multivariate Cox proportional hazard modeis. Relative risk Is the risk of IHD compared
with no risk = 1.00. Pretransplant and/or posttransplant vascular disease were excluded from Models 1 and 2. HDL, high-density lipoprotein
cholesterol; IHD, ischemic heart disease; PVD, peripheral vascular disease; CVD, cerebral vascular disease.

was less frequently performed on patients who had
received transplants more recently, and was less fre-
quently performed on patients who received living
donor kidneys than in patients who did not (39%
versus 72%, P < 0.001). Patients who underwent
splenectomy were more likely to have undergone bi-
lateral nephrectomy than patients who did not un-
dergo splenectomy (43% versus 4%, P < 0.001). Fi-
nally, patients with splenectomy had higher mean
(time-averaged) posttransplant cholesterol levels com-
pared with patients who did not undergo splenectomy
(249 * 52 versus 239 * 43, P = 0.012).

Among the lipid parameters examined, only HDL
levels were independently correlated with IHD (Table
2). However, there was an inverse relationship be-
tween HDL and triglyceride levels (r = —-0.23, P <
0.001), as well as a correlation between HDL and total
cholesterol (r = 0.15, P < 0.001). Patients with high
triglycerides had an increased incidence of IHD (Fig-
ure 2). In the univariate Cox analysis, triglyceride
values were not significantly correlated with IHD (Ta-
ble 2). However, logarithmically transformed triglycer-
ides were associated with IHD in the univariate (RR =
2.15, P = 0.032), but not in the multivariate Cox
analysis. Total and LDL cholesterol did not predict
IHD. Posttransplant diabetes occurred in 50 patients
(7.1%), and was a strong predictor of IHD in univariate
analysis (RR = 2.22, P = 0.029). However, posttrans-
plant diabetes was associated with a number of other
variables, and was not independent of these other risk
factors for IHD in multivariate models. For example,
patients who developed posttransplant diabetes had
higher (time-averaged) posttransplant cholesterol
(262 * 55 versus 244 * 47 mg/dL, P = 0.025) and
triglycerides (294 + 358 versus 186 + 111 mg/dL, P =
0.036), but lower HDL (53.7 + 13.8 versus 58.1 + 13.3
mg/dL, P = 0.023) compared with patients who did
not develop diabetes. Patients who developed post-
transplant diabetes were also older than those who
did not (51 * 11 versus 40 * 13 years, P < 0.001).

By univariate analysis, there was a tendency for
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Figure 2. Association between lipid levels and ischemic heart
disease. Shown are Kaplan-Meler plots for cholesterol (up-
per panel), triglycerides (middie panel), and high-density
lipoprotein cholesterol (lower panel). Numbers indicate the
number of patients analyzed at each time posttransplant.
For each patient, the lipid value assigned was the mean of
all values (measured, estimated, or imputed) from the time
of transplantation to an IHD event or last follow-up. IHD,
ischemic heart disease.
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posttransplant hypertension to be associated with
IHD (P = 0.083). However, hypertension and its treat-
ment with different antihypertensive agents were not
independent predictors of IHD in the multivariate
analysis. Similarly, ADPKD was marginally associated
with an increased incidence of posttransplant IHD in
univariate (P = 0.055), but not multivariate, analysis.
Serum albumin (g/dL) was also highly correlated with
IHD on univariate analysis (RR = 0.19, P < 0.001).
The effects of serum albumin on IHD were indepen-
dent of acute rejection episodes, HDL, and diabetes,
but were not independent of age in multivariate mod-
els. Cigarette smoking (each 10 pack-yr at transplant)
was associated with IHD on univariate (RR = 1.14,P =
0.010), but not multivariate analysis. Body mass in-
dex, cytomegalovirus infection, proteinuria, serum
creatinine, creatinine clearance value, the use of a
living related donor, the use of CsA, conversion to
alternate-day prednisone, and other variables were
not associated with IHD in multivariate analysis.

Cerebral Vascular Disease

There were 54 patients who had a major CVD event.
By actuarial analysis, 15% of patients who survived
with a functioning allograft for 15 yr experienced a
major CVD event (Figure 1). Major independent risk
factors for CVD included diabetes, cigarette smoking,
pretransplant splenectomy, acute rejection episodes,
and posttransplant serum albumin value (Table 3).
Pretransplant IHD and CVD and posttransplant IHD
were also strong independent risk factors for CVD
after renal transplantation.

In univariate analysis, age correlated with CVD (RR
= 1.31 for each decade, P = 0.009). However, the effect
of age on CVD was not independent of serum albumin
value in multivariate models. Neither posttransplant
lipids nor posttransplant hypertension predicted
CVD. Similarly, values for urine protein excretion,
serum creatinine, creatinine clearance, body mass
index, and other variables failed to independently
predict posttransplant CVD.

Peripheral Vascular Disease

There were 71 patients who had major PVD compli-
cations. By actuarial analysis, 15% of those who

survived with a functioning allograft for 15 yr devel-
oped PVD (Figure 1). Diabetes, gender, cigarette
smoking, posttransplant serum albumin value, pre-
transplant PVD, and posttransplant IHD were all in-
dependent risk factors for PVD (Table 4). None of the
other pretransplant or posttransplant variables were
independent predictors of PVD.

DISCUSSION

The results of this study confirm that cardiovascu-
lar disease continues to be a major complication after
renal transplantation. Although the incidence of clin-
ically apparent pretransplant vascular disease likely
underestimates the true prevalence of vascular dis-
ease at transplantation, it is clear that the risk for
vascular disease is not just a result of events occur-
ring early after transplantation, but rather continues
to accrue in the late posttransplant period (Figure 1).
In addition, we could find no evidence that the use of
CsA has reduced the incidence of vascular disease
complications, although patients treated with CsA
have not been followed as long as those treated with
conventional immunosuppression. The fact that CsA
was electively withdrawn in the majority of patients
makes it less likely that we could have detected any
long-term effects of CsA on vascular disease.

Diabetes is a major risk factor for vascular disease
after renal transplantation (3). However, the incidence
of vascular disease is also high in nondiabetics. In-
deed, 58% of all IHD events, and 50% of all CVD
events occurred in patients without diabetes. Thus,
restricting the use of intervention strategies to diabet-
ics would miss the majority of patients with IHD and
CVD in our population. In contrast, major PVD com-
plications were unusual in nondiabetics. Indeed, only
11% of the major PVD complications occurred in
nondiabetics.

Throughout the period of study, all patients were
advised to take one adult (325 mg) or child (65 mg)
aspirin per day unless contraindicated. Unfortu-
nately, we had no reliable means to assess compliance
with this advice. Nevertheless, the high incidence of
vascular disease complications in our transplant
population is even more remarkable considering

TABLE 3. Independent risk factors for cerebral vascular disease®

Multivariate Analysis
Independent Risk Factors U;\ﬂvo:lc:ie Y
nalysts Model 1 Model 2 Model 3
Diabetes 2.98 (0.000) 3.21 (0.000) 2.74 (0.000) 3.00 (0.000)
Smoking (10 pack-yr) 1.18 (0.003) 1.24 (0.001) 1.22 (0.001) 1.21 (0.032)
Pretransplant Splenectomy 2.27 (0.042) 2.79 (0.015) 2.52 (0.029) 2.75 (0.017)
Each Acute Rejection 1.26 (0.048) 1.24 (0.069) 1.28 (0.048) 1.26 (0.061)
Serum Albumin (g/dL) 0.11 (0.000) 0.15 (0.000) 0.26 (0.010) 0.25 (0.009)
Pretransplant IHD 5.06 (0.000) Excluded 2.70 (0.005) 2.09 (0.040)
Pretransplant CVD 7.18 (0.000) Excluded 3.92 (0.004) 4.21 (0.014)
Posttransplant IHD 7.08 (0.000) Excluded Excluded 5.80 (0.000)

9 See legend to Table 2 for detailed explanation.

162

Volume 7 - Number 1 « 1996



e Kasiske et al

TABLE 4. Independent risk factors for peripheral vascular disease®

Multivariate Analysis
Independent Risk Factors Uzlva:lgte
nalysis Model 1 Model 2 Model 3

Diabetes 25.74 (0.000) 28.18 (0.000) 22.49 (0.000) 22.44 (0.000)
Male 1.75 (0.027) 1.81 (0.023) 1.83 (0.021) 1.79 (0.027)
Smoking (10 pack-yr) 1.09 (0.157) 1.15 (0.048) 1.17 (0.023) 1.14 (0.067)
Serum albumin (g/dL) 0.25 (0.000) 0.33 (0.011) 0.41 (0.052) 0.38 (0.034)
Pretransplant PYD 8.07 (0.000) Excluded 2.55 (0.001) 2.50 (0.000)
Posttransplant IHD 5.76 (0.000) Excluded Excluded 5.22 (0.000)

9 See legend to Table 2 for detailed explanation.

the likelihood that many patients utilized aspirin
prophylaxis.

The use of time-dependent covariates allowed us to
examine the effects of lipids measured throughout the
posttransplant period. We and others have previously
reported that the serum total cholesterol level is asso-
clated with cardiovascular disease after renal trans-
plantation (2,4,5,9). In the study presented here, cho-
lesterol and LDL were not associated with IHD in the
univariate or multivariate Cox analysis. However, it is
impossible to determine to what extent reductions in
cholesterol and LDL among high risk patients treated
with HMG-CoA reductase inhibitors confounded the
relationship between these lipid parameters and IHD.
It is also possible that changes in cholesterol and LDL
may have been linked to changes in other variables,
e.g., acute rejection episodes, which obscured a rela-
tionship between cholesterol and IHD. In any case,
these results underscore the fact that only controlled
clinical trials can prove that reducing cholesterol and
LDL will reduce IHD after renal transplantation.

Unlike total cholesterol, HDL was an independent
risk factor for IHD. A relatively high proportion of HDL
values were imputed. Nevertheless, 3550 measured
HDL values were included in the analysis. Although
errors may have been introduced by using estimated
and imputed HDL values, there is no reason to believe
that this would have created systematic bias. Our
confidence in the results is strengthened by the fact
that almost identical results were seen when the
random imputation procedure was repeated five
times. Although HDL levels are generally normal after
transplantation, the composition of HDL may not be
normal (13), and it is plausible that HDL may directly
influence the pathogenesis of atherosclerotic vascular
disease. Indeed, at least one other center has reported
an inverse relationship between HDL levels and car-
diovascular disease after renal transplantation (5).
However, changes in HDL may often be indicative of
other abnormalities in lipoprotein metabolism (14,15).
In many populations, as in the present study, HDL
levels are inversely related to triglycerides, and the
catabolism of triglyceride-rich lipoproteins may be
linked to HDL formation and reverse cholesterol
transport (14,15). This relationship between HDL and
triglycerides may have obscured an association be-

Journal of the American Society of Nephrology

tween triglycerides and IHD in the multivariate anal-
ysis. More importantly, the changes in HDL and tri-
glyceride metabolism may be indicative of more
generalized metabolic abnormalities, e.g., altered in-
sulin and glucose metabolism.

Posttransplant diabetes was associated with the
development of IHD in univariate analysis. Others
have found posttransplant diabetes to be associated
with increased mortality after transplantation (16,17).
It is unclear whether posttransplant diabetes influ-
ences the pathogenesis of vascular disease directly, or
is merely correlated with other variables associated
with IHD, e.g., hyperlipidemia and related metabolic
abnormalities. Indeed, it is interesting to speculate
that posttransplant diabetes may share many fea-
tures attributed to “Syndrome X", the clinical constel-
lation of insulin resistance, hyperlipidemia, hyperten-
sion, and obesity that is also associated with IHD in
nontransplant patients (18-20).

Why splenectomy was independently associated
with both IHD and CVD is unclear. It is possible that
splenectomy was a surrogate marker for the effects of
several other clinical variables. Indeed, splenectomy
was associated with higher serum cholesterol levels, a
finding previously reported in normal animals and
humans with myeloproliferative disorders (21,22).
However, the fact that the associations between sple-
nectomy and vascular disease were statistically inde-
pendent of cholesterol and other variables, and the
fact that splenectomy was an independent predictor of
both IHD and CVD, make it more likely that some
other effect related to splenectomy is responsible for
this association. In at least one case-control study of
war veterans, splenectomy was linked to subsequent
cardiovascular disease complications (23). In that re-
port, it was suggested that postsplenectomy thrombo-
cytosis and hypercoagulability could have contributed
to cardiovascular disease (23). In any case, the recent
decrease in the use of pretransplant splenectomy
procedures may help to reduce the incidence of
cardiovascular disease events in renal transplant
recipients.

It was recently reported that transplant recipients
with ADPKD had a higher incidence of posttransplant
cardiovascular disease than other transplant recipi-
ents (4). Although there was a tendency for ADPKD to
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be associated with [HD on univariate analysis, ADPKD
was not an independent risk factor in our analysis.
Why ADPKD was not more strongly correlated to IHD
in our study is unclear, although our study popula-
tion included fewer patients with ADPKD compared
with the previous report, and we analyzed IHD and
CVD end points separately. We also carefully excluded
ADPKD patients with subarachnoid hemorrhage from
the analysis of CVD. These and other differences in
study design could account for differences in the
results of these two studies.

Acute rejection was a consistent independent risk
factor for both IHD and CVD. The effects of acute
rejection on vascular disease were independent of
graft function, proteinuria, and hypertension. How-
ever, virtually all patients with acute rejection were
treated with high doses of corticosteroids, so that
acute rejection may be a surrogate for cumulative
corticosteroid dose and metabolic effects not ac-
counted for by the variables included in the multiva-
riate models (9). Alternatively, it is possible that acute
rejection and its treatment lead directly to endothelial
damage, thereby contributing to the pathogenesis of
atherosclerosis.

Serum albumin has not previously been reported to
be an independent risk factor for vascular disease
events in renal transplant recipients. Although the
relationship between albumin and IHD was not inde-
pendent of HDL, age and other variables, albumin was
an independent risk factor for CVD and PVD. In
particular, the effects of albumin were independent of
urine protein excretion. Albumin is often an indicator
of visceral protein stores and overall nutritional sta-
tus. As such, hypoalbuminemia is a powerful predic-
tor of mortality among hemodialysis patients (24,25).
Serum albumin has also been shown to be an inde-
pendent risk factor for cardiovascular disease in pa-
tients without renal disease (26-28). Possible mecha-
nisms linking low albumin levels to vascular disease
events cannot be discerned from the present study. It
is possible that low albumin levels are a result of
rather than a cause of vascular disease, and that
patients with low albumin levels had poorer nutrition
even before a major vascular disease event occurred.
Alternatively, it is possible that low albumin levels
reflect vascular damage with increased vascular per-
meability to albumin, as reported in patients with
diabetes (29).

Some investigators have found that cigarette smok-
ing is associated with posttransplant vascular disease
(5), but others have not (2). As in our previous analysis
(9), smoking at the time of transplantation was asso-
clated with posttransplant vascular disease events.
Unfortunately, we could not document the number of
patients who continued to smoke after transplanta-
tion. However, we have previously found that most
patients who were smoking at the time of transplant
continued to smoke after transplantation (30).

There may be several reasons why hypertension did
not appear to be a risk factor for vascular disease in
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our patient population. Indeed, others have also failed
to find a consistent relationship between hypertension
and posttransplant vascular disease (4,5). It is possi-
ble that the crude index we used to measure the
effects of hypertension did not adequately reflect the
degree and duration of blood pressure elevation after
transplantation. However, it is also possible that ag-
gressive treatment of hypertension effectively reduced
adverse events in our patient population. For these
and other reasons, the role of hypertension in post-
transplant vascular disease is difficult to discern.

The relatively large number of patients and long
duration of follow-up in this study permitted us to
examine the interrelationship between IHD, CVD, and
PVD, independent of diabetes and other shared risk
factors. The results demonstrated a close association
between IHD, CVD, and PVD after renal transplanta-
tion. Thus, patients with IHD events were much more
likely to have CVD or PVD complications. Similarly,
patients who had a CVD or PVD event after transplan-
tation were more likely to have a subsequent IHD
event. These interrelationships could not be explained
by the other variables that were included in the anal-
ysis, and suggest that pathogenesis of IHD, CVD, and
PVD may be similar in many respects. These interre-
lationships also underscore the importance of aggres-
sive risk factor management in patients who develop a
vascular disease event.

Like all epidemiologic studies, these results should
be interpreted with caution. Although we used multi-
variate statistical techniques, it is still difficult to
eliminate the possibility of confounding between vari-
ables in discerning cause and effect relationships. In
addition, we had insufficient data to examine all pu-
tative risk factors for cardiovascular disease. Changes
in lipoprotein composition, oxidized lipoproteins,
plasma homocysteine levels, levels of fibrinogen, and
other coagulation parameters could each play a role in
the pathogenesis of posttransplant cardiovascular
disease.

In summary, despite new immunosuppression pro-
tocols and more effective management of risk factors,
cardiovascular disease continues to be a major cause
of morbidity and mortality after renal transplantation.
The results of our analysis suggest that future efforts
to improve lipid abnormalities, particularly those re-
lated to HDL and triglyceride metabolism may be
beneficial. Whether the lack of correlation between
cholesterol and cardiovascular disease is the result of
our current emphasis on the use of HMG-CoA reduc-
tase inhibitors to reduce LDL cholesterol or other
factors is unclear. Certainly, it cannot be concluded
that efforts to reduce LDL should be abandoned, just
as it cannot be concluded that a lack of correlation
between hypertension and cardiovascular disease
should prompt us to be less vigilant in treating blood
pressure. Our results also suggest that the develop-
ment of new agents and strategies to treat acute
rejection episodes may help to reduce cardiovascular
disease. In addition, efforts to reduce cigarette smok-
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ing need greater emphasis. Finally, the fact that pre-
transplant vascular disease continues to be a strong
predictor of posttransplant vascular disease events
suggests that efforts to prevent posttransplant vascu-
lar disease should begin before transplantation.
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