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Abstract
v
Aims: Cardiovascular risk among diabetic

patients is at least twice as much the one for non-
diabetic individuals and even greater when dia-
betic women are considered. Heart failure (HF) is
a common unfavorable outcome of cardiovascu-
lar disease in diabetes. However, since the com-
parison among sexes of heart failure prevalence
in diabetic patients remains limited, this study is
aimed at expanding the information about this
point.

Methods: We have evaluated the association
between diabetes and HF by reviewing the medi-
cal records of all subjects discharged from the
Internal Medicine and Cardiology Units of all
hospitals in the Tuscany region, Italy, during the
period January 2002 through December 2008. In

particular we sought concomitance of ICD-9-CM
codes for diabetes and HEF.

Results: Patients discharged by Internal Medi-
cine were on average older, more represented by
women, and had a lesser number of individuals
coded as diabetic (p<0.05 for all). Relative risk for
HF (95% CI) was significantly higher in patients
with diabetes, irrespective of gender 1.39 (1.36-
1.41) in males; 1.40 (1.37-1.42) in females.
When the diabetes-HF association was analyzed
according to decades of age, a “horse-shoe” pat-
tern was apparent with an increased risk in
40-59 years old in female patients discharged by
Internal Medicine.

Conclusions: Although there is not a difference
in the overall HF risk between hospitalized male
and female diabetic patients, women have an
excess risk at perimenopausal age.

Abbreviations

v

Cl confidence interval

RR relative risk

HF heart failure

ICD-9 International Classification of Diseases-
Ninth Revision-Clinical Modification

Introduction

v

Heart failure (HF) is a major cause for hospitali-
zation especially in the elderly, (American Heart
Association Statistics Committee, 2009) and, at
the same time, is strongly related to diabetes
mellitus, a prominent cause of ischemic heart
disease (Nichols et al., 2004; Nichols et al., 2001).
Studies carried out in Iceland showed that the
age-adjusted odds ratio for development of HF
was 2.8 (2.2-3.6) in diabetic patients as com-
pared to non-diabetic individuals (Thrainsdottir
et al.,, 2005). A difference in HF risk has been

reported between men and women. In the Fram-
ingham study, HF risk was two-fold higher in
men and five-fold higher in women with diabetes
as compared to the non-diabetic population
(Kannel et al., 1974). This effect was more appar-
ent in younger subjects, e.g., under 65 years,
where the risk of developing HF was four- and
eight-fold higher in men and women with diabe-
tes, respectively. In the NHANES and the Cardio-
vascular Health Study, diabetes was an
independent risk factor for HF hazard ratios 1.85
(1.51-2.28) and 1.74 (1.38-2.19), respectively
(He et al., 2001; Gottdiener et al. 2000). However,
most of the available information on the epide-
miology of HF and diabetes has been gathered in
the American population. Given the difference in
the cardiovsacular risk profile existing among
different populations and geographical areas
(Eichler et al., 2007), there is the need for local
epidemiologic data, especially with regard to any
sex difference. We have, therefore, analyzed all
hospital discharges during a 7-year period in Tus-
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cany, a region of central Italy, by crossing ICD-9-CM codes for
diabetes mellitus and heart failure to assess concomitance of
these 2 conditions, searching for any eventual difference
between genders.

Materials and Methods

v

We have screened a regional centralized database recording all
discharges from the Cardiology and Internal Medicine wards of
the hospitals in Tuscany during the period 2002 through 2008.
The database provided the whole region data as well as those
from each of the 15 local health authorities. Based on the 2008
census, the total population of the Tuscany region was 3686377
inhabitants, all of them covered by the regional public health
care program including a network of hospitals accounting
for >90% of the whole number of hospital admissions. The data-
base was searched for concomitance in the discharge of the
International Classification of Diseases, Ninth Revision (ICD-
9-CM) codes 250.xx (i.e., diabetes mellitus) in main or secondary
diagnosis and ICD-9-CM codes 401.91, 402.01, 402.11, 402.91,
404.01,404.3,404.13, 404.93,428.0,428.1,428.9 (i.e., heart fail-
ure) in both main and secondary diagnosis as well (Nichols et al.,
2001). Analysis was limited to discharges of alive patients from
Cardiology and Internal Medicine Units because the vast major-
ity of patients with heart failure are admitted to these wards.
The proportion of diagnosis of diabetes was slightly, though sta-
tistically significant higher in the patients admitted to the Cardi-
ology Units (15.1 vs. 14.6%, x*=20.32; p=0.0001; ¢ Table 1). We
have analyzed data only for patients with >30 years of age
because HF prevalence was very low in young subjects.

The study population was stratified for age group and sex and
the Mantel-Haenszel Logit method was used to calculate the
relative risk (RR) and 95 % Confidence Intervals for the diagnosis
of diabetes in patients discharged with the diagnosis of HF. The
sensitivity for the diagnosis of diabetes at discharge was calcu-
lated in 28 198 patients by crossing the diabetes diagnosis in the
discharge records and the one made via an independent source.
In short: the records were crossed with those of a database con-
taining sure diabetes diagnosis obtained by multiple sources
(use of antidiabetic drugs, previous hospitalizations, legal certi-
fications etc.). By this way sensitivity was 60.5% and 70.2% for
patients discharged by Internal Medicine and Cardiology,
respectively, with an Odds Ratio=1.29 (1.19-1.40) for being
diagnosed diabetic when present, for Cardiology. All analyses
were performed with SAS software, version 8.2 for Windows
(SAS Institute, Cary, NC).

The study was approved by the Ethical Committee of the Spedali
Riuniti, Pistoia, Italy.

Table 1 Main characteristics of alive patients discharged by Internal
Medicine or Cardiology wards of Tuscan Hospitals (years 2002-08).

Internal Cardiology P
Medicine
age (yr)(+SD) 72.1+14.5 68.5+12.1 0.001

no. (%) of males

no. (%) of diabetes
discharges

no (%) of HF discharges

361552(48.2) 111818(65.2)  0.0001
109937 (14.6) 25865 (15.1)  0.0001

110630 (14.7)  36855(21.5)  0.001

Results

v

The database consisted of 922 164 records. The contribution to
the whole study population was greater for the Internal Medi-
cine (81.4%) than for the Cardiology Units (18.6%). The 2 popu-
lations showed some difference in gender distribution, age, and
diabetes between discharges from the 2 units with a greater
prevalence of male, older, and diabetic individuals in the Inter-
nal Medicine population (¢ Table 1). On the contrary, the preva-
lence of HF was higher among patients discharged from the
Cardiology Units (¢ Table 1).

Both in the Cardiology or in Internal Medicine discharges, the
rate of HF diagnosis increased in a linear manner from the age of
30 to that of 90years in both sexes (¢ Table 2, 3). On the con-
trary, the distribution of the diabetes diagnosis had a “horse
shoe” shape with a nadir in the 60-79 year decades (© Fig. 1).
The overall RR for HF in patients with a diabetes diagnosis was
about 1.40 with no difference between males and females
(© Table 4). The overall risk, however, was slightly higher in the
discharges from the Cardiology wards (¢ Table 2, 3). Although
the overall RR for HF was similar in man and women, a differ-
ence between genders became apparent when the diabetes/HF
relationship was assessed based on age (¢ Table 4) with an early
rise of RR in women 40-59 years of age. This difference was
entirely accounted for by the age-related RR observed in the dis-
charges from the Internal Medicine units (¢ Table 2, 3).

Discussion

v

Assessment of the hospital discharges allows the evaluation of
the association between diabetes and heart failure in a very
large sample including more than 900000 observations over a
7-year period. Although detailed information may be lacking,
overall phenomena can be clearly identified. Thus, when dis-
charges from Internal Medicine and Cardiology Units have been
taken into account it was readily apparent that the frequency of
diabetes and HF diagnosis had a different association with age.
The prevalence rate of HF diagnoses increased in a linear manner
from the age of 30 till the age of 90 until, while that of diabetes
peaked in the 7™ decades of age followed by progressive decline.
This difference is likely to be accounted for by late reduction in
survival among diabetic individuals leading to a progressive
enrichment of HF. These figures may be affected by the low sen-
sitivity rate of diabetes diagnosis due to under-coding at dis-
charge (Carral et al., 2003; Ragnarson-Tennvall et al., 2000) as
well as to insufficient recognition of new cases of diabetes dur-
ing the hospital stay (Levetan et al., 1998). However, when deter-
mined in more than 28000 cases, we found 60-70% sensitivity
of the diagnosis of diabetes in hospital discharge. Prevalence of
diabetes was, even if slightly, higher in patients discharged by
Cardiology, part due to higher sensitivity for correct diagnosis,
and probably part due to a frequent rate of more serious states
frequently associated with hyperglicemia. Our database, how-
ever was not able to validate this latter hypothesis. Neither was
our database able to differentiate between newly diagnosed dia-
betes and pre-admission diabetic diagnosis.

By crossing the 2 diagnosis, the RR of HF increased by 40% in the
presence of the diagnosis of diabetes. This finding is in full
agreement with previous epidemiological observations (Nichols
et al., 2004). Similar to what previously observed, the associa-
tion between the diagnosis of HF and that of diabetes had a
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Fig. 1
years 2002-08 across age groups.

Table 4 Relative risks expressed as OR (95 % Cl) of being hospitalized for HF
if affected from diabetes in alive discharged patients of both Internal Medi-
cine and Cardiology, (years 2002-08) stratified for gender and age groups.

Males Females

age-groups (yr)
30-39

OR (95 % Cl)
2.24(1.57-3.19)

2.24(1.22-4.10)

40-49 1.56 (1.36-1.80) 2.61(2.03-3.45)
50-59 1.53 (1.44-1.63) 2.43 (2.18-2.69)
60-69 1.63 (1.57-1.69) 1.86 (1.77-1.96)
70-79 1.33 (1.29-1.36) 1.42 (1.38-1.46)
80-89 1.20 (1.17-1.24) 114 (1.12-1.17)
290 0.98 (0.94-1.01) 1.10 (1.05-1.15)
Total 1.39 (1.36-1.41) 1.40 (1.37-1.42)

characteristic “horse shoe” shape over a 70-year span age with a
relatively early rise followed by a progressive decrease with
advancing age (Nichols et al., 2004). This association was greater
among women in the 4 and 5™ decade of age as compared to
the male gender. Our finding is much in line with the results of
the Framingham Study (Kannel et al., 1976), as well as those of
more recent surveys showing an increased impact of diabetes on
the incidence of coronary heart disease (CHD) in women in the
postmenopausal age (Barrett-Connor and Wingard, 1983; Bar-
rett-Connor et al., 2004). Since CHD is the primary cause of HF in

Distribution of diabetes (top) and HF (bottom) hospitalization in female (a) and male (b) patients discharged by Cardiology and Internal Medicine in

western population it is not surprising that HF prevalence fol-
lows the same pattern (Nichols et al., 2004; Nichols et al., 2001).
Therefore, our findings are consistent with the hypothesis of a
‘peri-menopausal effect’, underscoring the development of a
specific age-related vulnerability in women.

The difference in the association between diabetes and HF
between gender in the 4™ and 5" decade of age was particularly
striking in the discharges from the Internal Medicine Units,
while the phenomenon was not apparent when discharges from
the Cardiology wards were considered. The main reason why
this gender difference was not present in patients discharged by
Cardiology could be ascribed to the diluting effect exerted by the
much lower females/males ratio in patients admitted to Cardiol-
ogy as compared to Internal Medicine, especially in younger age
classes, in agreement with what had previously been observed
(Houde et al., 2007). A further reason may be related to a certain
degree of disparity between the 2 genders in the treatment of
cardiovascular events. Many studies have, indeed, looked at dif-
ferences between men and women with acute coronary syn-
drome (Juutilainen et al., 2004). These studies have moreover
shown that women have worse outcomes, receive fewer invasive
interventions, are more difficultly admitted to specialised clinics
such as Cardiological settings (Houde et al., 2007) and experi-
ence delay in the initiation of established medical therapies. A
further aspect is represented by the greater facility in confusing
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HF symptoms in women (Caruana et al., 2000; Cowie et al.,
1999) leading to a potential reduced access of women to special-
ised hospital settings. The overall specular consequence of all
these potential treatment disparities is expected to be on one
hand the lack of any ‘gender effect’ in the association between
diabetes and HF hospitalization in the more specialised Cardiol-
ogy settings and on the other the observation that patients dis-
charged from the Internal Medicine wards Units were more
heterogeneous with a prevalence of females, older individuals
and with a higher absolute number of diabetic patients.
Potential limitations and drawbacks of our analysis should be
kept in mind. Besides the potential bias introduced by incom-
plete and/or inaccurate diagnosis of diabetes in the medical
records, our database does not allow the identification of pre-
dicting factors for HF in diabetic individuals. Therefore, we can-
not speculate on the cause(s) of the increased association
between HF and diabetes and the reason(s) for the specific
increase among younger women although coronary heart dis-
ease may be a very likely underlying predisposing condition
(Nichols and Brown, 2002). Besides all these limitations, we
believe that the size of the sample is large enough to support an
‘age-related gender difference’ in the association between diabe-
tes and HF, suggesting that diagnostic and therapeutic strategies
should be sought to address in more proper manner HF in males
and females, also in the light of a larger burden of costs among
hospitalized diabetic patients (Olveira-Fuster et al., 2004; Green-
berg et al., 2010).
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