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Abstract

Background The aim of the present study was to compare speci®c causes of
death in Type 2 diabetic patients attending and not attending the diabetes
center.

Methods The study was carried out within the framework of the Verona
Diabetes Study, a population-based survey of known diabetes prevalence with
a 10-year mortality follow-up. On 31 December 1986, 7148 Type 2 diabetic
patients were identi®ed in Verona, north-east Italy. Among them 4047
regularly attended the diabetes center, while 3101 did not attend the diabetes
center. On 31 December 1996, life status was determined and the underlying
cause of death was coded according to the ICD-9. During the follow-up, 2896
subjects died. Difference in mortality from speci®c causes between attenders
and non-attenders were evaluated by a Cox model, controlling for sex, age,
diabetes treatment and place of residence (downtown vs suburbs).

Results Mortality was lower in subjects who attended the diabetes center
(38.6% vs 43.0%, p<0.001). This phenomenon was mainly due to lower
cardiovascular ( p=0.002) and digestive ( p=0.047) mortality.

Conclusions These data support the conclusion that attending the diabetes
center reduces cardiovascular and, to a lesser extent, digestive mortality.
Copyright # 1999 John Wiley & Sons, Ltd.
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Introduction

Type 2 diabetes mellitus is associated with excess mortality [1], mainly due to
ischemic heart diseases [2]. Whether this excess mortality can be reversed by
optimization of diabetes care is poorly understood [3]. In Type 1 diabetic
patients, intensive treatment can substantially improve the metabolic control
and reduce the occurrence of chronic complications [4]. Recently it has been
shown that in newly diagnosed Type 2 diabetic patients, intensive glucose
control substantially reduces the frequency of microvascular complications
but not diabetes-related mortality or the incidence of macrovascular
complications [5]. The last observation may be due to the relatively short
period of follow-up.

In a previous paper, we reported that regular attendance at a diabetes
center was associated with a signi®cant increase in 5-year survival probability
[6]. In order to further reinforce and characterize this observation, in the
present study we provide the results, after 10-year follow-up, of all causes and
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speci®c causes of death in Type 2 diabetic patients
attending or not attending the diabetes center. Indeed,
the ®nding that mortality due to diabetes-related diseases
(e.g. cardiovascular mortality), rather than to diseases
unrelated to diabetes (e.g. malignancy), is lower in
subjects attending the diabetes center would strengthen
the conclusion that specialist-based diabetes care is
advantageous in terms of survival.

Methods

As a part of the Verona Diabetes Study, in the present
survey a total of 7148 Type 2 diabetic patients residing in
Verona, Italy, were identi®ed on 31 December 1986 by
three different sources:

1. 4047 patients were identi®ed by the diabetes clinic
2. 2165, not ascertained by the diabetes clinic, were

identi®ed by family physicians during a period of four
consecutive months

3. 936, missed by the previous two sources, were
identi®ed by a drug prescription database.

Thus, 4047 patients regularly attended the diabetes
center, after primary-care physician referral, while 3101
did not. First referral to the diabetes center was decided
by family physicians according to their personal opinion,
while subsequent visits were scheduled by the physicians
at the diabetes center. Nevertheless, it cannot be excluded
that patients with higher compliance to therapy or with a
higher educational level kept attending the diabetes
center more often than the other patients.

Patients attending the diabetes center were examined
periodically by an experienced diabetologist to assess
metabolic control, to re-evaluate the ongoing therapy,
and to screen for diabetic complications and cardiovas-
cular risk factors (such as hypertension, hypercholester-
olemia and smoking). Educational courses concerning
diabetes and its complications, as well as the control of
cardiovascular risk factors, were organized either for
individual patients or for small groups of patients.

Moreover patients received advice from a professional
dietician.

The diabetic cohort was followed up until 31 December
1996 and during this 10-year period (1987±1996) 2896
patients died. The underlying cause of death was assessed
by reviewing death certi®cates and coded according to the
International Classi®cation of Diseases, Ninth Revision
(ICD-9). Causes of death were grouped into malignant
neoplasms (codes 140±208), diabetes mellitus (code
250), cardiovascular diseases (codes 390±459), respira-
tory diseases (codes 460±519), digestive diseases (codes
520±579), accidents (codes 800±999), and other causes
(all other codes). Of the initial cohort, 446 (6.2%)
subjects who had moved from Verona were not traced
and were arbitrarily considered alive at the end of the
follow-up.

Statistical analysis included the unpaired t-test, the
chi-squared test, Kaplan-Meier estimates of survival
probability with correction for competing risks [7], and
univariate and multivariate survival analysis by the Cox
regression model. The variables included in the latter
model were sex, age, insulin treatment (yes/no), place of
residence (downtown vs suburbs), and attendance at the
diabetes center (yes/no).

Results

Table 1 shows the main clinical features of the subjects in
the study. Patients attending the diabetes centers were
slightly younger ( p<0.001) and more frequently on
insulin treatment (8.0 vs 3.6%; p<0.001) than non-
attenders.

By the end of the 10 years of follow-up, 2896 subjects
had died: 1564 among the 4047 patients attending the
diabetes center (38.6%) and 1332 among the 3101 non-
attenders (43.0%) (p<0.001). Crude mortality rates
were 49.1 (95% CI, 46.6±51.5) and 57.7 (95% CI,
54.6±60.8) per 1000 person-years in attenders and non-
attenders, respectively. In both groups the main causes of
death were cardiovascular diseases, malignancies and

Table 1. Main clinical characteristics of Type 2 diabetic patients

Total
Diabetic patients not
attending the diabetes centers

Diabetic patients attending
the diabetes centers p

Cases 7148 3101 (43.4%) 4047 (56.6%)
Men 3366 (47.1%) 1447 (46.7%) 1919 (47.4%) NS
Age 66.6t11.2 67.4t11.6 66.0t10.8 <0.001
Main town (%) 6456 (90.3%) 2791 (90.0%) 3665 (90.6) NS
Insulin 437 (6.1%) 112 (3.6%) 325 (8.0%) <0.001
Deceased 2896 (40.5%) 1332 (43.0%) 1564 (38.6%) <0.001

Malignancies 641 (9.0%) 272 (8.8%) 369 (9.1%) NS
Diabetes 391 (5.5%) 165 (5.3%) 226 (5.6%) NS
Cardiovascular 1215 (17.0%) 578 (18.6%) 637 (15.7%) =0.001
Respiratory 170 (2.4%) 84 (2.7%) 86 (2.1%) NS
Digestive 177 (2.5%) 86 (2.8%) 91 (2.2%) NS
Genitourinary 29 (0.4%) 13 (0.4%) 16 (0.4%) NS
Accidents 90 (1.3%) 43 (1.4%) 47 (1.2%) NS

Data are meanstSD for continuous variables and absolute frequency (% frequency) for categorical variables. Signi®cance of differences was evaluated by
chi-squared test for categorical variables and by t-test for continuous variables. Bonferroni's correction was used when analyzing cause-speci®c mortality.
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diabetes, which altogether accounted for 75% of all

casualties (Figure 1). Patients attending the diabetes

center presented a signi®cantly lower number of deaths

from cardiovascular diseases than non-attenders.
Kaplan-Meier survival curves of attenders and non-

attenders were superimposed when considering mortality

from malignancies and diabetes, while they diverged

signi®cantly when considering cardiovascular mortality

and to a lesser extent mortality from digestive diseases

(Figure 2).
This pattern was con®rmed by multivariate survival

analysis, carried out by the Cox model (Figure 3). When

controlling for sex, age, insulin treatment and place of

residence, Type 2 diabetic patients attending the diabetes

center presented a signi®cant reduction in mortality from

all causes (RR=0.87, CI 0.81±0.94; p<0.001), cardio-

vascular disease (RR=0.83, CI 0.74±0.93; p=0.002)
and digestive disorders (RR=0.74, CI 0.56±0.99;
p=0.047), as compared with non-attenders. Mortality
from malignancies, diabetes and accidents were similar in
the two groups of Type 2 diabetic patients, as suggested
by the values of RR, which are close to the null value
(unity).

The complete results of the multivariate analysis are
reported in Table 2. As expected, mortality increased
with advancing age, and this trend was more pronounced
for mortality from cardiovascular diseases and diabetes.
Women presented a lower risk of death from malig-
nancies and digestive diseases. Insulin treatment was
associated with a fourfold higher mortality from diabetes.

Conclusions

In a previous study, we found that attending the diabetes
center was associated with an improved 5-year survival
rate [6]. In the present study we con®rmed this result
after extending the follow-up period to 10 years, and we
observed that the higher survival rate of patients regularly
followed up at the diabetic center was largely due to a
lower cardiovascular mortality. After adjusting for age,
sex, insulin treatment and place of residence, cardiovas-
cular mortality was reduced by 15±20% in patients
regularly attending the diabetes center.

The degree of glycemic control is an important
determinant of cardiovascular diseases in diabetic
patients [8,9]. On the other hand, satisfactory metabolic
control is required to prevent long-term complications
and to improve survival [10]. We do not have information

Figure 1. Deaths (%) from speci®c causes in non-attenders
(n=3101) vs attenders (n=4047)

Figure 2. Kaplan-Meier plots of probability to survive speci®c diseases in 7148 patients from Verona, January 1987 to Decem-
ber 1996
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about glucose levels of patients not attending the diabetes

center. However, a number of studies documented that

the degree of metabolic control is better in patients

attending the diabetes center than in those seen only by

family physicians [11,12]. Recently, it has also been

demonstrated that patients cared for by physicians at the

diabetes center receive better quality diabetes care than

patients cared for by physicians at the general medicine

clinic [13].
Factors other than hyperglycemia appear to explain

part of the higher risk of cardiovascular diseases in

diabetic patients [14]. Abnormalities in several other

well-established risk factors of cardiovascular disease,

such as obesity, hypertension, dyslipidemia and hemo-

static abnormalities, are commonly found in association

with Type 2 diabetes [15]. The control of many of these

risk factors is known to reduce the incidence of

cardiovascular diseases in the general as well as in the

diabetic population [16±21]. Although we do not have

information about other risk factors and their treatment

in patients not attending the diabetes center, it can be

hypothesized that the higher rate of cardiovascular

mortality observed in these patients is due not only to a

worse glycemic control but also to a less satisfactory

control of the other associated cardiovascular risk factors

[22,23].
In particular, mortality risk among non-attenders was

higher in patients identi®ed only by the drug prescription

database (RR=1.34, CI 1.20±1.50, with respect to non-

attenders identi®ed by family physicians). This group of

diabetic patients were missed by their family physicians

when they made the list of their own diabetic patients

visited during the previous four months. It is reasonable

to assume that these patients went to see the family

physician irregularly only to obtain drug prescriptions

free of charge. This result is consistent with the analyses

performed by Grif®n, which showed that unstructured,

discontinous care in general practice is associated with

higher mortality [24].
Attending the diabetes center was also associated with

a slightly lower mortality from digestive diseases. Since

two-thirds of these deaths were due to cirrhosis, it can be

hypothesized that attenders had better dietary habits, and

in particular lower levels of alcohol consumption, as a

consequence of continuous counselling by professional

dieticians.
The observations made in this study cannot necessarily

be generalized, as remarkable differences exist among

health-care systems and diabetic populations. For

instance, Italian Type 2 diabetic patients have a lower

cardiovascular mortality than diabetic patients in the USA

and are less frequently treated with insulin [25±27].

Moreover, the present report is based on an observational

study and not an intervention trial, so we cannot rule out

the hypothesis that factors other than the quality of

diabetes care might contribute to our results, such as a

self-selection bias [28]. For instance, patients attending

the clinic could have a higher level of education or better

compliance to therapy, or patients not attending the

Table 2. Relative risks of death from cardiovascular diseases, malignancies, diabetes and digestive diseases in the Verona Type 2
diabetes cohort

Cardiovascular p Malignancies p

Sex (women vs men) 0.92 (0.81±1.03) =0.154 0.48 (0.41±0.57) <0.001
Age

ii vs i tertile 2.53 (2.09±3.06) <0.001 2.26 (1.82±2.80) <0.001
iii vs i tertile 6.87 (5.75±8.20) 3.84 (3.09±4.76)

Insulin (yes vs no) 1.25 (0.98±1.60) =0.079 1.18 (0.84±1.67) =0.349
Residence (downtown vs suburbs) 1.15 (0.94±1.41) =0.159 1.21 (0.91±1.63) =0.178
Diabetes center (yes vs no) 0.83 (0.75±0.93) =0.002 0.99 (0.85±1.16) =0.907

Diabetes p Digestive p

Sex (women vs men) 0.99 (0.80±1.23) =0.957 0.60 (0.44±0.82) =0.001
Age

ii vs i tertile 3.31 (2.34±4.67) <0.001 1.32 (0.92±1.89) =0.036
iii vs i tertile 7.56 (5.43±10.54) 1.65 (1.12±2.41)

Insulin (yes vs no) 4.59 (3.54±5.94) <0.001 1.80 (1.05±3.07) =0.046
Residence (downtown vs suburbs) 1.05 (0.75±1.46) =0.789 0.99 (0.60±1.63) =0.953
Diabetes center (yes vs no) 0.95 (0.78±1.17) =0.637 0.74 (0.55±0.99) =0.047

95% con®dence intervals are given in parentheses. Relative risks and signi®cance of differences were derived from multivariate Cox proportional-hazard survival
analysis, after adjusting for all other variables. n=7111.

Figure 3. Relative risks for different causes of death of atten-
ders vs non-attenders, estimated by the Cox model including
age, sex, treatment and place of residence
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diabetes center might be more severely ill than attenders
[29]. However, the lack of differences in mortality from
malignancies is not consistent with the latter hypothesis.

To conclude, the present data highlight the importance
of integrated specialist-based diabetes care [30] to reduce
long-term mortality. We consider that a 13% reduction in
mortality risk can be regarded as a remarkable achieve-
ment, also considering that this reduction in mortality is
probably paralleled by an even greater improvement in
quality of life, possibly due to better control of long-term
complications. The present ®ndings, taken together with
American studies [31,32] showing that intensive treat-
ment of diabetes represents a fruitful long-term ®nancial
investment, support the view that specialist-based care,
although more expensive than primary care, could be
cost-effective in increasing survival and quality of life.
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