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Summary Little is known about the epidemiology of
cardiac disease in diabetic end-stage renal disease.
We therefore prospectively followed a cohort of 433
patients who survived 6 months after the inception
of dialysis therapy for an average of 41 months. Clini-
cal and echocardiographic data were collected yearly.
At baseline, diabetic patients (n=116) had more
echocardiographic concentric left ventricular hyper-
trophy (50 vs 38 %, p = 0.04), clinically diagnosed is-
chaemic heart disease (32 vs 18 %, p =0.003) and
cardiac failure (48 vs 24 %, p <0.00001) than non-
diabetic patients (n =317). After adjusting for age
and sex, diabetic patients had similar rates of progres-
sion of echocardiographic disorders, and de novo car-
diac failure, but higher rates of de novo clinically di-
agnosed ischaemic heart disease (RR 3.2,
p =0.0002), overall mortality (RR 2.3, p <0.0001)
and cardiovascular mortality (RR 2.6, p <0.0001)

than non-diabetic patients. Mortality was higher in di-
abetic patients following admission for clinically di-
agnosed ischaemic heart disease (RR 1.7, p = 0.05)
and cardiac failure (RR 2.2, p = 0.0003). Among dia-
betic patients older age, left ventricular hypertrophy,
smoking, clinically diagnosed ischaemic heart dis-
ease, cardiac failure and hypoalbuminaemia were in-
dependently associated with mortality. The excessive
cardiac morbidity and mortality of diabetic patients
seem to be mediated via ischaemic disease, rather
than progression of cardiomyopathy while on dialysis
therapy. Potentially remediable risk factors include
smoking, left ventricular hypertrophy, and hypoalbu-
minaemia. [Diabetologia (1997) 40: 1307-1312]
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Diabetes mellitus is the commonest cause of preva-
lent and incident end-stage renal disease (ESRD) in
the western world [1, 2]. Virtually every study of mor-
tality in dialysis patients has shown that diabetic pa-
tients have a poorer survival than their non-diabetic
ESRD counterparts. About half of this excess mortal-
ity can be attributed to cardiovascular causes [1]. It is
already known that diabetes is an independent risk
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factor for coronary artery disease [3, 4] and cardiac
failure [5] in the non-uraemic population.

There is a dearth of information about the natural
history and risk factors of cardiac disease in diabetic
ESRD. The objectives of this study were to determine
whether diabetic subjects differed from non-diabetic
ESRD subjects with regard to: 1) prevalence of left
ventricular echocardiographic disorders and of symp-
tomatic cardiac disease at the start of dialysis therapy.
2) The rate of progression of echocardiographic pa-
rameters. 3) The incidence of symptomatic cardiac
disease of new onset. 4) The lethality of cardiac
events occurring while on dialysis therapy. 5) Mortal-
ity, after adjusting for imbalances in baseline comor-
bidity. 6) Finally, we wished to determine whether
mortality risk factors, specific to diabetic patients
with ESRD could be identified.



1308 R.N. Foley et al.: Cardiac disease in diabetic end-stage renal disease

Patients and methods

Patients. The design of this study has been described in detail
elsewhere [6-15]. This prospective, inception cohort study
started in 1982, and involved three university-affiliated, tertia-
1y referral centres. Patients were eligible for entry to the study
if (a) they survived for 6 months and (b) if they had a technical-
ly satisfactory echocardiogram within a year of starting renal
replacement therapy. Patient recruitment finished in 1991.
The mean patient follow-up was 41 months.

Data collection. At baseline, and at yearly intervals, a clinical
assessment was undertaken to detect the presence of cardio-
vascular disease. At monthly intervals the data collected in-
cluded blood pressure, haemoglobin and serum albumin levels
and interdialytic weight gain in haemodialysis patients.

Baseline and annual echocardiography were performed us-
ing M-mode and 2-dimensional ultrasonography. Left ventric-
ular mass (LV) index was calculated according to the Penn
convention [16]. LV cavity volume was calculated by the for-
mula of Pombo et al. [17]. The initial echocardiogram was per-
formed (mean x SD) 3 + 4 months (median 0 months) follow-
ing the start of ESRD therapy. A repeat echocardiagram was
performed on 92 % of all patients still on dialysis at 1 year after
starting dialysis therapy at a median interval of 13 months fol-
lowing the initial study.

Definitions

Non-insulin-treated diabetes mellitus: insulin-free interval
more than 1 year.

Insulin-treated diabetes mellitus: absence of insulin-free inter-
val more than 1 year. ,

Clinically diagnosed ischaemic heart disease: angina pectoris,
myocardial infarction, coronary artery bypass surgery or per-
cutaneous transluminal angioplasty.

Cardiac failure: dyspnoea plus two of the following — raised
jugular venous pressure, bibasalar crackles, pulmonary venous
hypertension or interstitial oedema on chest X-ray, requiring
hospitalization or extra ultrafiltration.

Echocardiographic classification: subjects were divided into
four mutually exclusive categories:

Systolic dysfunction: fractional shortening 25 % or less.

LV dilatation: LV cavity volume over 90 ml/m?, fractional
shortening over 25 % [8, 17].

Concentric LV hypertrophy: LV mass index over 100 g/m? in
females, over 131 g/m? in males, LV cavity volume 90 ml/m?,
or less, fractional shortening over 25 % [8, 17-19].

Normal LV: LV mass index 100 g/m? or less in females, 131 g/
m? or less in males, LV cavity volume 90 ml/m? or less, fraction-
al shortening over 25 %.

Mode of dialysis: one in use at 3 months following inception of
dialysis.

Cardiovascular mortality: death due to myocardial infarction,
sudden death, other cardiac cause or other non-cardiac vascu-
lar cause such as stroke or peripheral vascular disease.

Statistical analysis. Insulin-treated and non-insulin-treated pa-
tients were considered as a single group for comparison with
non-diabetic patients. Although we compared the baseline
characteristics and outcomes of insulin-treated and non-insu-
lin-treated diabetic patients, we considered these comparisons
as subsidiary, because we did not use accurate methods to de-
termine whether patients truly had insulin-dependent or non-
insulin-dependent diabetes mellitus. The echocardiographic

outcomes studied were the changes in LV mass index, cavity
volume index and fractional shortening between the baseline
and first follow-up echocardiogram. The clinical outcomes
studied were: rates of new-onset ischaemic heart disease,
new-onset cardiac failure, overall mortality, cardiovascular
mortality, non-cardiovascular mortality, mortality before and
after 2 years, mortality after first admission for ischaemic heart
disease while on dialysis therapy and mortality after first ad-
mission for cardiac failure while on dialysis therapy. Patients
were censored on transplantation or final follow-up for the
analysis of clinical events. We examined the association be-
tween baseline risk factors and overall mortality in analyses
that included only diabetic patients. All statistical tests are
two-tailed with a p-value less than 0.05 taken to indicate statis-
tical significance. The proportional hazard model was used to
adjust the diabetic-to-non-diabetic hazard ratios of clinical
outcomes for baseline age, gender and co-morbidity. Echocar-
diographic outcomes were similarly adjusted, using analysis of
variance with covariate adjustment.

Results

Patient characteristics at inception of dialysis therapy.
Compared to non-diabetic patients, diabetic patients
were less likely to have hypertension for more than
10 years, more likely to use peritoneal dialysis than
haemodialysis and had lower serum albumin levels
(Table 1). Diabetic patients were more likely to have
concentric LV hypertrophy on baseline echocardiog-
raphy, and were likely to have had clinically diag-
nosed ischaemic heart disease, previous myocardial
infarction and cardiac failure prior to inception of di-
alysis therapy (Table 1).

Outcomes. When adjustment was made for baseline
age and sex, diabetic and non-diabetic patients had a
similar tendency towards progressive LV hypertro-
phy, dilatation and systolic dyfunction on serial echo-
cardiography (data not shown).

Diabetic patients were more likely to develop clini-
cally diagnosed ischaemic heart disease of new onset.
Rates of new onset cardiac failure were similar in dia-
betic and non-diabetic patients. Each of the following
were more likely in diabetic patients: overall mortali-
ty, cardiovascular mortality, non-cardiovascular mor-
tality, mortality before and after 2 years, mortality af-
ter an episode of clinically diagnosed ischaemic heart
disease and mortality after an episode of cardiac fail-
ure (Table 2). The excess mortality of diabetic patients
could not be explained by differences in measurable
co-morbidity at inception of dialysis therapy: when ad-
justment was made for age, sex, duration of hyperten-
sion, smoking, serum cholesterol, LV mass index, cav-
ity volume, fractional shortening, ischaemic heart dis-
ease, cardiac failure, initial mode of dialysis therapy,
baseline haemoglobin, mean arterial blood pressure
and serum albumin levels, the relative hazard rate
was 2.2 (95 % confidence interval 1.5-3.2, p = 0.0001)
for diabetic compared to non-diabetic subjects.
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Table 1. Comparison of baseline characteristics of diabetic
and non-diabetic patients

Table 2. Outcomes of diabetic patients relative to non-diabet-
ic patients '

Diabetic  Non-diabetic P value
(n=116) (n=317)
Age (years) 5315 50+17 0.2
Female sex 35% 36 % 0.8
Diabetic nephropathy 74 % 0%
Hypertension > 10 years 17 % 29% 0.01
Serum cholesterol (mmol/l) 55+16 52+1.6 0.1
Serum cholesterol 31% 23 % 0.09
> 6.0 mmol/l
Current smoker 30 % 37% 0.2
Haemoglobin (g/1) 86+ 18 8317 0.1
Mean arterial BP (mmHg) 106+15 105£16 0.6
Serum albumin (g/1) 33+5 35+6 0.0002
LV mass index (g/m?) 164141 157+51 0.2
LV cavity volume (ml/m?) 8030 86+ 40 0.1
% fractional shortening 32+8 34+8 0.07
Echocardiographic classification:
Normal LV
(reference category) 11 % 17 % -
Concentric LV hypertrophy 50 % 38 % 0.04
LV dilatation 21% 31% 0.8
Systolic dysfunction 18% 15% 0.1
Clinically diagnosed
ischaemic heart disease: 32% 18 % 0.003
Angina pectoris 23% 16 % 0.08
Myocardial infarction 21% 9% 0.001
Cardiac failure 48 % 24 % < 0.00001

Insulin-treated (n = 65) and non-insulin-treated.(n = 51) pa-
tients were significantly different (p < 0.05) from each other
for the variables age (48 £ 14 vs 59 + 12 years, respectively),
diabetic nephropathy (92 vs 51 % respectively), hypertension
> 10 years (11 vs 26 %, respectively) and use of peritoneal dial-
ysis (65 vs 41 %, respectively)

Figure 1 shows graphically that the probability of
developing clinically diagnosed ischaemic heart dis-
ease of new onset was much higher in diabetic than
non-diabetic subjects. Figure 2 shows a much lower
overall survival in diabetic subjects, with median sur-
vival times of 32.4months, compared with
57.5 months in non-diabetic subjects.

Mortality risk factors in diabetic subjects. Among dia-
betic subjects, older age and cardiac failure at base-
line were associated with mortality in all time frames
(Table 3). Clinically diagnosed ischaemic heart dis-
ease and cardiac failure were associated with mortali-
ty before 2 years. Older age, smoking, high L'V mass
index and hypoalbuminaemia were associated with
mortality after 2 years (Table 3).

Discussion

There is very little published literature about cardio-
vascular disease in diabetic ESRD. It would be tempt-
ing to assume that the cardiac disease of diabetic
ESRD patients relates to factors in their predialysis
life about which little can be done when they actually

Diabetic Non- Adjusted
(n=116) diabetic Hazard
(n=317) Ratio?
De novo clinically 24% (19/79) 8% (21/259) 3.2(1.7-1.6)
diagnosed ischaemic p =0.0001 p =0.0002

heart disease

De novo cardiac 27% (16/60) 23 % (55/240) 1.3 (0.7-2.3)

failure p=06 p=04
Death:
Overall 53% 28 % 23(1.7-3.2)
p<0.00001 p<0.00001
Cardiovascular 31% 14 % 2.6 (1.74.0)
p =0.00007 p<0.0001
Non-cardiovascular 22 % 14 % 2.0 (1.2-3.3)
p=0.03 p =0.006
Within 2 years 28% 13% 23(1.5-3.7)
p=00002  p=0.0003
After 2 years 68 % (30/44) 33 % (48/147) 2.3 (1.4-3.6)
p =0.0006
Following clinically 83 % (29/35) 59% (30/51) 1.7 (1.0-2.9)
diagnosed ischaemic p=0.02 p=005

heart disease occur-
ring after starting
dialysis therapy

85% (17/20) 55% (52/95) 2.2 (1.4-33)
p=00003  p=0.0003

Following cardiac
failure occurring
after starting
dialysis therapy

2 Adjusted, using proportional hazards regression, for age and
sex at baseline. Overall mortality was higher (64 %,) in non-in-
sulin-treated than insulin-treated patients (45 %, p = 0.03)

reach ESRD. Whether such an assumption is justified
is, unfortunately, an open question. A highly notewor-
thy randomized trial randomly assigned insulin-de-
pendent diabetic patients with ERSD who had signifi-
cant coronary artery stenosis, but normal ejection frac-
tion and absence of typical anginal pain, to medical or
surgical management: in 8.4 months of follow-up
15 % of the surgical group had a cardiovascular end-
point, compared with 77 % in the medically managed
group [20]. These types of data suggest that much could
be done to prevent or treat cardiac disease in diabetic
ESRD. The clinical epidemiology of cardiac disease in
diabetic ESRD needs to be given a high priority in or-
der for appropriate interventions to be targeted.

The main findings of this study were: 1) Diabetic
patients were more likely to have concentric LV hy-
pertrophy and much more likely to have had ischae-
mic heart disease and cardiac failure at baseline than
non-diabetic subjects. 2) Diabetic patients were
much more likely than non-diabetic patients to have
had a previous myocardial infarct, but were equally
likely to have symtomatic angina pectoris, suggesting
the possibility that coronary disease is more likely to
be silent in diabetic than non-diabetic subjects.
3) The rate of progression of echocardiographic
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disorders was very similar in diabetic and non-diabet-
ic patients. 4) Diabetic patients with no previous his-
tory of ischaemic heart disease were much more like-
ly to develop de novo ischaemic heart disease than
their non-diabetic counterparts. On the contrary, dia-
betic and non-diabetic patients were equally likely to
develop de novo cardiac failure. 5) The development
of clinical events (cardiac failure and ischaemic heart
disease to a lesser extent) was associated with a much
poorer subsequent survival in diabetic than non-dia-
betic subjects. 6) The higher mortality of diabetic pa-
tients was not adequately explained by differences in
demographic, clinical or echocardiographic parame-
ters at the inception of dialysis therapy. 7) The mor-
tality risk factors for diabetic patients were older
age, smoking, clinically diagnosed ischaemic heart
disease, cardiac failure, high LV mass index and low

Table 3. Summary of baseline factors associated with mortal-
ity in diabetic patients

Adjusted P value
hazard ratio®
(95 % Confidence
Interval)
Mortality in all time frames
Age (per decade) 1.2 (1.0-1.5) 0.05
Cardiac failure 23 (1.54.0) 0.002
Mortality before 2 years
Clinically diagnosed ischaemic
heart disease 2.1(1.04.4) 0.04
Cardiac failure 32(1.4-7.5) 0.006
Mortality after 2 years
Age (per decade) 1.4 (1.0-1.9) 0.05
Current smoker 23(1.0-5.2) 0.05
LV mass index (per 20 g/m?rise) 1.3 (1.0-1.5) 0.02
Serum albumin (per 10 g/l fall) 2.7 (1.3-5.6) 0.01

2 Adjusted, using proportional hazards regression, for age and
sex at baseline. The baseline variables tested for association
with mortality outcomes were: age, sex, hypertension over
10 years, current smoking, serum cholesterol, clinically diag-
nosed ischaemic heart disease, cardiac failure, LV mass index,
LV cavity volume, LV fractional shortening, haemoglobin
level, mean arterial blood pressure level, serum albumin level
and mode of dialysis therapy (haemodialysis or peritoneal
dialysis)

serum albumin levels. At least some of these risk fac-
tors are potentially remediable.

There is a considerable literature suggesting the
existence of a specific diabetic cardiomyopathy [21-
27]. The largest echocardiographic study comes from
the Framingham Study, which examined diabetic pa-
tients without symptomatic cardiac disease. Female
diabetic patients were found to have larger wall thick-
ness, relative wall-thickness, end-diastolic diameter
and relative wall thickness than non-diabetic patients.
Male diabetic patients had slightly lower fractional
shortening [27]. In our study, diabetic patients had a
higher baseline prevalence of concentric LV hyper-
trophy than non-diabetic patients. The burden of clin-
ically manifest cardiac disease in diabetic patients
starting ESRD treatment was staggering. One third
had a history of ischaemic heart disease, and half
had experienced an episode of cardiac failure. It is
worth reiterating that survival for 6 months was an in-
clusion criterion for this study and that the propor-
tion of diabetic subjects with silent coronary artery
disease is likely to be even higher than reported
here. As such this study probably underestimates the
burden of cardiac disease in diabetic ESRD.

Diabetic patients, initially free of ischaemic heart
disease at the start of dialysis, were much more likely
to develop ischaemic heart disease than equivalent
non-diabetic patients. It is well-established that dia-
betes is an independent risk factor for coronary ar-
tery disease in the general population [3, 4]. Diabetic
and non-diabetic patients were equally likely to de-
velop cardiac failure for the first time, a common
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occurrence in this cohort of patients. The survival of
diabetic dialysis patients was very poor after the oc-
currence of clinically defined cardiac events, such as
ischaemic heart disease and cardiac failure.

The mortality of diabetic patients greatly exceeded
that of non-diabetic patients. This excess mortality
could not be adequately explained by imbalances in
age or co-morbidity at baseline. Clinically defined is-
chaemic heart disease predicted mortality up to
2 years but was not associated with later mortality.
Weinrauch et al. [28] have reported a lack of associa-
tion between ischaemic heart disease and mortality
in diabetic ESRD. The correlation between symtoms
of ischaemic heart disease and coronary arterial nar-
rowing is poor in ESRD patients with diabetes [29].
The presence of cardiac failure at inception of dialysis
was a strong predictor of death in diabetic patients in
this study. Smoking, LV mass index and hypoalbu-
minaemia were associated with mortality after a lag
phase of about 2 years. A number of other authors
have reported that smoking is particularly harmful in
diabetic patients with advanced renal impairment
[30, 31]. Smoking is a major cardiovascular risk factor
in non-uraemic diabetic patients. A meta-analysis of
several cardiovascular risk reduction trials showed
that stopping smoking was the intervention with the
biggest impact on survival in diabetic patients [32].
Weinrauch et al. [28] reported that echocardiograph-
ic abnormalities (abnormal LV wall motion and/or
LV dilatation) were better predictors of outcome
than a prior history of angina pectoris, myocradial in-
farction, or congestive heart failure. On the other
hand, there was no association between LV hypertro-
phy and myocardial infarction or sudden death in the
large, prospective, German multicentre study report-
ed by Koch et al. [33, 34]. It has been speculated that
malnutrition is responsible for much of the excess
mortality of diabetic patients with ESRD [35]. The
strong association between hypoalbuminaemia and
mortality seen in this study lends support to this view-
point. We observed no independent association be-
tween serum cholesterol levels and mortality in this
study. On the other hand, diabetic patients dying
from myocardial infarction had higher total choles-
terol, LDL cholesterol, LDL/HDL ratio and apolipo-
protein B levels than survivors in the German study
alluded to above [33, 34]. Other factors suggested as
cardiovascular risk factors in diabetic ESRD include
poor glycaemic control [31], lower dialysis intensity
[36] and accumulation of advanced glycosylation
end-products [37]. It is a matter of debate whether
peritoneal dialysis or haemodialysis is associated
with longer survival time in diabetic ESRD [38-42].

Several potential limitations of this study need to
be mentioned. Firstly, the classfication of diabetic pa-
tients into insulin-treated and non-insulin treated
based merely on the presence or absence of an insu-
lin-free interval of 1 year is arbitrary. Inception of

dialysis therapy was the starting point for this study.
Diagnostic separation into IDDM vs NIDDM would
have occurred much earlier. Such categorisation
would not usually have been performed by the physi-
cians caring for the patients at the time dialysis was
started. Similar reservations can be made about the
cause of ESRD, particularly whether diabetic ne-
phropathy was present or not. It would be preferable
to delineate the actual coronary anatomy rather than
to rely on symptoms of ischaemic heart disease. This
would, however, be difficult to do in an epidemiologi-
cal study. Cardiac failure is a clinical definition; be-
cause most ESRD patients have a limited capacity to
excrete salt and water, one is never entirely certain
whether the heart has failed the body or vice versa.
Be that as it may, admission for pulmonary oedema
(whether due primarily to fluid overload, pump fail-
ure, or both) identified a group with an appalling prog-
nosis, with two thirds of all deaths prefaced by such an
event |7, 13]. This study was designed and implement-
ed nearly 15 years ago. The lipid parameters collected
would be viewed as unsophisticated and incomplete
by todays standards. We did not include indices of dial-
ysis adequacy, or indices of glycaemic control as part of
the study protocol, again reflecting practices typical of
the early 1980s. Despite its limitations, this study has
the advantages of a prospective design, a uniform in-
ception point and very long follow-up. It shows that
cardiac events occur at an alarming rate in diabetic pa-
tients. The study points to several risk factors for death
in diabetic patients. Many of these risk factors are po-
tentially reversible. Well designed intervention stud-
ies are greatly needed to alleviate the burden of cardi-
ac disease in diabetic ESRD.
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