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Abstract: Background: Currently, diabetes represents the seventh leading cause of death worldwide,
with a significant economic burden. The number and severity of comorbidities increase with age,
and are identified as important determinants that influence the prognosis. We aimed to investi-
gate comorbidities and outcomes in a cohort of hospitalized elderly patients affected by diabetes.
Methods: In this observational study, we retrospectively analyzed data collected from the REgistro
dei pazienti per lo studio delle POlipatologie e politerapie in reparti della rete Simi (RePoSi) reg-
istry. Socio-demographic, clinical characteristics, and laboratory findings were considered. The
association between variables and in-hospital and 1-year follow-up were analyzed. Results: Among
4708 in-patients, 1378 (29.3%) had a diagnosis of diabetes. Patients with diabetes had more previous
hospitalization, a clinically significant disability, and more need for a urinary catheter in comparison
with subjects without diabetes. Patients affected by diabetes took more drugs, both at admission, at
in-hospital stay, at discharge, and at 1-year follow-up. Thirty-five comorbidities were more frequent
in patients with diabetes, and the first five were hypertension (57.1%), ischemic heart disease (31.4%),
chronic renal failure (28.8%), atrial fibrillation (25.6%), and chronic obstructive pulmonary disease
(22.7%). Heart rate was an independent predictor of in-hospital mortality. At 1-year follow-up,
cancer and male sex were strongly independently associated with mortality. Conclusions: Our
findings showed the severity of the impact of diabetes and its comorbidities in the real life of internal
medicine and geriatric wards, and provide data to be used for a better tailored management of elderly
in-patients with diabetes.

Keywords: diabetes; comorbidities; heart rate; cancer; male sex; in-hospital mortality; 1-year mortality

1. Introduction

Diabetes represents a worldwide epidemic with high economic and social costs. Its
burden is increasing, with an estimated prevalence among adults rising from 151 million in
2000 to 536.6 million in 2021 with a prevalence of 10.5% for adults aged 20 to 79 years [1].
Furthermore, the global burden of diabetes among elderly patients is expected to increase
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in the coming years due to the reduced physical activity related to type 2 diabetes mellitus,
unhealthy diets, rising incidences of type 1 diabetes, and aging of the world population [2].
Currently, 136 million of people aged 65 years and older have diabetes worldwide [1]. It
is estimated that the number of people aged 65 years or older with diabetes will reach
195.2 million by 2030, and 276.2 million by 2045 [2]. In the United States, 10.5% of people
of all ages had diabetes, and 26.8% of people aged 65 years or older are diagnosed with
diabetes [3]. In Europe, close to 9% of the regional population aged between 20 and
79 years has diabetes [4]. In Italy, the prevalence ranges from 5% to 26%, with the highest
percentage equal to 66.3% among older subjects (over 65 years) [5]. According to the
International Diabetes Federation, diabetes accounted for at least 760 billion in medical costs
in 2019, about 10% of total global medical expenditures. [6] Comorbidities are important
determinants of diabetes burden in terms of the considerable impact on the patient’s
quality of life, health status, hospitalization and outcomes. In the elderly, diabetes is
often accompanied by comorbidities. About 60% of elderly subjects with diabetes have
one comorbidity, whereas 40% have four or more comorbid chronic conditions [7]. We
previously published data from the RePoSi registry that evidenced clinical impact of
comorbidities according to gender differences [8,9] and different diseases in the elderly
population hospitalized in internal medicine and geriatric Italian wards [10,11]. Recently,
we showed that one of the stronger predictors of in-hospital mortality for older patients
admitted in general wards was a glycemia level ≥250 mg/dL [12]. Given this background,
the aim of our study was to assess comorbidities and prognostic factors for in-hospital and
post-discharge 1-year mortality in a cohort of elderly patients with diabetes hospitalized in
internal medicine and geriatric wards participating in the RePoSi registry study.

2. Materials and Methods
2.1. Data Collection and Study Population

Retrospectively, we analyzed the collected data within the frame of the RePoSi project
in the recruitment weeks of 2010, 2012, 2014, and 2016. RePoSi is an independent and
collaborative registry, organized by the Italian Society of Internal Medicine (SIMI), IRCCS
Ca’ Granda Maggiore Policlinico Hospital Foundation, and the Mario Negri Institute for
Pharmacological Research, that was made up to recruit, monitor, and evaluate hospitalized
older adults ≥65 years admitted to 102 Italian internal medicine and geriatric wards, with
data coming from each single medical record, and collected every 2 years from 2008. The
project’s design has been previously described in detail [10]. Briefly, patients were eligible
for RePoSi if: (1) they were admitted to one of the participating regional internal medicine
wards during the four index weeks chosen for recruitment (one in February, one in June,
one in September, and one in December); (2) their age was 65 years or older; (3) they
gave informed consent. Each ward had to enroll at least ten consecutive eligible patients
during each index week, recording data on socio-demographic details, the main reason for
admission and comorbidities, diagnoses, treatment (including all drugs taken at hospital
admission, and those recommended at discharge), clinical events during hospitalization,
and outcome. During those weeks, all participating centers had to complete the registration
of all patients admitted, indicating those who were consecutively enrolled. For patients
who were excluded, the reason had to be given. Also, data on mortality or any new
hospitalization were collected, with a telephone interview performed by a physician to the
patient or his/her relatives, 3 and 12 months after hospital discharge. Then, a final database
was created and checked by the Mario Negri Institute for Pharmacological Research. All
patients with and without diabetes were included in the present study analysis. All patients
provided informed consent. Data were collected in full compliance with the Italian law on
personal data protection, and the RePoSi study was approved by the Ethics Committee of
each participating center.



Healthcare 2022, 10, 86 3 of 15

2.2. Socio-Demographic and Clinical Characteristics

Socio-demographic variables, such as age class, marital status, living arrangement,
and need for assistance in daily living, were considered, along with laboratory findings
in patients with diabetes compared to the ones without it. The following clinical charac-
teristics were evaluated: cognitive status and mood disorders (by the Short-Blessed-Test
(SBT) [13] and the Geriatric-Depression-Scale (GDS) [14], respectively); performance in
activities of daily living at hospital admission (measured by means of the Barthel Index
(BI) [15]); severity and comorbidity index (assessed by the Cumulative-Illness-Rating-Scale
(CIRS-s and CIRS-c, respectively)) [16]; glomerular filtration rate (GFR) (using the Chronic
Kidney Disease Epidemiology Collaboration formula) [17]; length of hospital stay; drug
prescriptions (at admission, at discharge, at 3 and 12 months follow-up); destination at
discharge; and in-hospital and 1-year mortality rate. The association between variables and
in-hospital and 1-year mortality was analyzed.

2.3. Statistical Analysis

Quantitative variables were summarized as mean (95% confidence intervals), and
categorical variables as percentage. Patients with significant disability were described
according to a BI score of ≤40, as previously published [18]. However, in all logistic
analyses, the BI score was used to avoid the loss of information. Fisher’s exact test for
contingency tables, a Z-test, and a non-parametric Mann–Whitney-U-test were used when
appropriate. A multivariate logistic analysis was used to assess the relationship between
variables and in-hospital and 1-year follow-up mortality. Heart rate, glomerular filtration
rate, and BI score were input in a logistic analysis by ten points (which means that the odds
ratio measured the variation by 10 heartbeats for heart rate, 10 mL/min for eGFR, and
10 points for BI). Variables were chosen according to the Hosmer–Lemeshow methodology,
as previously published [19]. After univariate analysis, only variables with a p < 0.20 were
included in the final model; then, through a backward process, variables were excluded
until a significance level of p < 0.20 was reached for each variable. The Hosmer–Lemeshow
test is a goodness of fit test of the regression model which calculates if the observed event
rates match the expected event rates in population subgroups. The application of the
Hosmer–Lemeshow test is a measure of how well the model fits the data without any
choice of variables by the researcher to put into the multivariate. A two-tailed p < 0.05 was
considered statistically significant. Stata Statistical Software 2016, Release14 (Stata-Corp,
College-Station, TX, USA) was used for database management and all the analyses.

3. Results

During the recruitment period, 4708 inpatients were eligible for this analysis; 1378
(29.3%) presented with a diagnosis of diabetes. Among them, 56.2% were men, with a
mean age of 78.4 years. Table 1 shows the demographic characteristics and modifiable
risk factors of the two study groups. Interestingly, 43% of in-patients with diabetes had a
history of previous hospitalizations compared to only one third of non-diabetic inpatients
(p = 0.0046). A significantly higher proportion of subjects with diabetes were more often
obese (p < 0.0001 for all three class of obesity). Laboratory and clinical characteristics of
inpatients with and without diabetes are shown in Table 2. Subjects with diabetes had a
lower glomerular filtration rate (p < 0.0001), a lower BI Score (p = 0.0019), and 29.3% needed
a urinary catheter (p = 0.0023) in comparison with those without diabetes. The group of
patients with diabetes had a significantly higher CIRS for the evaluation of both severity
and comorbidity indexes (p < 0.0001), and they took more drugs at hospital admission,
during hospitalization, at hospital discharge, and at 1-year follow-up (p < 0.0001). Overall,
disease distribution showed that arterial hypertension, ischemic heart disease, chronic renal
failure, atrial fibrillation, COPD, heart failure, anemia, cancer, peripheral artery disease,
and bronchitis were more frequent in patients with diabetes (Figure 1). As shown in
Table 3, subjects with diabetes had a longer hospital stay, and higher in-hospital and 1-year
mortality, albeit not significantly. When we assessed independent predictors of mortality,
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running a univariate analysis (see Appendix A) and then a multivariate analysis, heart
rate (OR 1.22, 95% CI 1.07–1.39) was the strongest predictor of mortality at in-hospital
mortality, whereas hypertension (OR 0.53, 95%CI 0.34–0.85) was protective. At 1-year
follow-up, cancer (OR 2.58, 95% CI 1.59–4.19) and male sex (OR 2.24, 95% CI 1.42–3.54)
were the strongest predictors of mortality, whereas peripheral artery disease (OR 0.33, 95%
CI 0.16–0.69) was protective. Renal function and disability score were inversely related to
mortality (OR 0.85, 95% CI 0.76–0.94; OR 0.79, 95% CI 0.74–0.85, respectively) (Figure 2).

Table 1. Socio-demographic characteristics and some modifiable risk factors of the RePoSi elderly
population according to diabetes categorization.

Variables Inpatient with
Diabetes

Inpatient without
Diabetes p

N◦ of subjects 1378 3330 /

Men (%) 56.2 43.8 <0.0001

Age * 78.45
(78.05–78.85)

79.68
(79.40–79.96) <0.0001

Marital status (%)

0.283

Married 56.5 52.5

Widow 33.5 37

Separated 1.3 1.1

Divorced 1.3 1.4

Living arrangement (%)

0.042

Alone 20.1 24.2

Spouse 46.6 44.4

Sons 15.5 15.2

Spouse and sons 8.8 6.7

Other 8.4 9.4

Previously Institutionalized (%) 6.7 5.3 0.0853

Previously Hospitalized (%) 43.0 34.5 0.0046

Caregiver (%) 54.5 52.9 0.3673

Spouse (%) 38.0 32.2

0.168

Brother/Sister (%) 3.5 3.5

Son/Daughter (%) 44.6 47.9

Son/Daughter in law (%) 1.3 1.2

Grandson (%) 3.7 4.0

Other (%) 8.9 11.2

Never smoked (%) 49.3 56.1

<0.0001ex-Smoker (%) 42.4 35.1

Smoker (%) 8.3 8.9

Alcohol (%) 64.4 60.8 0.0346

BMI * 27.40
(27.06–27.75)

25.27
(25.09–25.45) <0.0001

Waist circumference men (cm) * 98.03
(95.84–100.22)

94.53
(93.15–95.91) 0.0242

Waist circumference women
(cm) *

98.37
(95.55–101.19)

89.75
(88.35–91.15) <0.0001
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Table 1. Cont.

Variables Inpatient with
Diabetes

Inpatient without
Diabetes p

Visceral obesity men (%) 33.5 27.8 0.1544

Visceral obesity women (%) 79.7 56.8 <0.0001

Underweight patients (%) 2.0 4.4 0.0004

Optimal weight patients (%) 31.5 45 <0.0001

Overweight patients (%) 39.0 34.4 0.0080

Class I obesity (%) 17.2 10.9 <0.0001

Class II obesity (%) 5.3 2.2 <0.0001

Class III obesity (%) 2.8 0.8 <0.0001
* Data are reported as mean (95% confidence interval).

Table 2. Laboratory and clinical characteristics of the RePoSi population at hospital admission
according to diabetes categorization.

Variables Inpatient with
Diabetes

Inpatient without
Diabetes p

Systolic blood pressure (mm Hg) * 132.23 (131.0–133.4) 131.5 (130.7–132.3) 0.2247

Diastolic blood pressure (mm Hg) * 73.5 (72.8–74.1) 73.7 (73.3–74.2) 0.7048

Heart rate (bpm) * 78.5 (77.6–79.4) 79.1 (78.5–79.8) 0.6417

Body temperature (◦C) * 36.9 (36.8–36.9) 36.9 (36.9–37.0) 0.0566

Fasting glucose (mg/dL) * 167.1 (162–172.3) 110.4 (109.0–111.9) <0.0001

Creatinine (mg/dL) * 1.4 (1.3–1.4) 1.2 (1.2–1.2) <0.0001

Glomerular Filtration Rate * 55.9 (54.5–57.3) 61.2 (60.4–62.1) <0.0001

Hemoglobin (mg/dL) * 11.7 (11.6–11.9) 11.9 (11.8–12.0) 0.0022

Leucocytes (cells per microliter) *
(×103/uL) 9.7 (9.1–10.2) 10 (9.1–10.8) 0.0258

Platelets (cells per microliter) *
(×103/uL) 230.0 (222.5–237.4) 231.2 (227.2–235.1) 0.4135

Cholesterol (mg/dL) * 154.2 (151.1–157.3) 163.2 (161.2–165.1) <0.0001

Short Blessed Test score * 9.4 (8.9–9.8) 9.2 (8.9–9.5) 0.4136

Overt Cognitive impairment
(Short Blessed Test score ≥ 10) (%) 36.2 36.5 0.8481

Need for urinary catheter (%) 29.3 24.6 0.0023

Barthel index score * 76.7 (75,0–78.4) 78.3 (77.1–79.4) 0.0019

Clinically significant disability
(Barthel index ≤ 40) (%) 15.4 14.3 0.3627

Geriatric Depression Scale score * 1.4 (1.3–1.5) 1.4 (1.3–1.4) 0.9104

Probable Depression
(Geriatric Depression Scale
score > 2) (%)

18.1 18.4 0.8553

N◦ of drugs at hospital admission * 7.1 (6.9–7.3) 5.1 (5.0–5.2) <0.0001

N◦ of in-hospital drugs * 8.9 (8.5–9.2) 6.9 (6.7–7.1) <0.0001

N◦ of drugs at hospital discharge * 8.8 (8.6–9.1) 6.8 (6.6–6.9) <0.0001

N◦ of drugs at follow up 3 months * 7.8 (7.5–8.0) 5.9 (5.8–6.1) <0.0001

N◦ of drugs at follow up 1 year * 8.0 (7.5–8.5) 5.7 (5.4–6.1) <0.0001
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Table 2. Cont.

Variables Inpatient with
Diabetes

Inpatient without
Diabetes p

Severity index (by CIRS) * 1.80 (1.78–1.81) 1.60 (1.59–1.61) <0.0001

Comorbidity index (by CIRS) * 3.81 (3.69–3.92) 2.69 (2.62–2.75) <0.0001
* Data are reported as mean (95% confidence interval); BMI = body mass index; CIRS = cumulative illness
rating scale.
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Figure 1. The most frequent clinical diagnoses (as percentage) in the RePoSi population according to
diabetes categorization. Hypertension was the first diagnosis in patients with diabetes (57.1%) vs.
patients without diabetes (54%) (p = 0.0783). It is not plotted because the value was too large, and
would have altered the graphic representation.
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Table 3. Length of hospital stay, destination at hospital discharge, and in-hospital and at follow-up
mortality of the whole RePoSi population according to diabetes categorization.

Variables Inpatient with
Diabetes

Inpatient without
Diabetes p

Length of hospital stay * (days) 11.9 (11.2–12.5) 11.7 (11.2–12.1) 0.5836

In-hospital mortality (%) 4.6 3.9 0.2853

1-year mortality (%) 42.9 39.0 0.2644
* Data are reported as means (95% confidence interval).
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Figure 2. Multivariate analysis in patients with diabetes according to in-hospital and 1-year mortality.
OR, odds ratio; 95% CI, 95% confidence interval. Glomerular filtration rate calculated by CKD-EPI
formula; glomerular filtration rate is referred to values every 10 mL/min; heart rate is referred to
values every 10 heartbeats; Barthel Index is referred to values every 10 points. Only the final model is
shown according to Hosmer–Lemeshow methodology. For the selection of variables, see the Statistical
Analysis section.

4. Discussion

This study has assessed the distribution of comorbidities, and the occurrence of short
and long outcomes in a hospitalized elderly population with diabetes admitted to the
wards of the frame of the RePoSi registry, with the aim to evaluate whether diabetic subjects
act differently from individuals without diabetes. Although comorbid chronic conditions
are increasingly identified as important factors in diabetes management [20], there is a
lack of research specifically designed to assess the relationship between comorbidities and
the short-term and long-term outcomes of subjects with diabetes admitted to internal and
geriatric wards. This study highlighted the role of heart rate, which significantly increased
mortality during in-hospital admission. In fact, the rise of 10 heartbeats increased the risk
of death by 22%. Our results agree with previous studies that have shown a relationship
between higher resting heart rate and major cardiovascular events, cardiovascular death,
and all-cause mortality in patients with type 2 diabetes mellitus, particularly in individuals
with previous macrovascular complications [21]. Moreover, subjects affected by diabetes
with a higher resting heart rate have a greater prevalence of microalbuminuria, and a new
onset of nephropathy and retinopathy [22]. Regarding hypertension, it is well known
that elevated blood pressure is considered an important additive risk factor in subjects
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affected by type 2 diabetes, increasing the risk of morbidity and mortality [23], and recent
reviews of meta-analyses and large observational studies regarding the blood pressure
targets to pursue in patients with diabetes showed evidence definitively against a reduction
of systolic blood pressure lower than 120 mmHg [24]. According to Thomopoulos and
Emdin, respectively [25,26], a sustained BP < 130/80 mmHg can be associated with an
increased risk of cardiac events in high-risk patients with type 2 diabetes. Our findings
are in line with previous studies that showed the protective role of systolic blood pressure
regarding in-hospital and 3-month mortalities, and demonstrated an inverse association
between higher blood pressure and mortality in the oldest patients [27,28]. Moreover,
recent data showed that in contrast to the general population, in frail elderly patients,
increased blood pressure is associated with reduced mortality. In the PARTAGE study [29],
which assessed all-cause mortality according to systolic blood pressure levels achieved
(target systolic blood pressure < 130 mm Hg), there was a higher risk of mortality in
frail octogenarians who had lower systolic blood pressure. It is worth mentioning that
in elderly patients with heart failure, there is no clear evidence to justify a single blood
pressure target in patients with established heart failure. [30]. A possible explanation
lies in the fact that high blood pressure is necessary to ensure sufficient organ perfusion
in elderly people, who are likely to have significant vascular damage [31,32]. Another
important finding concerns the crucial role of cancer and male sex at 1-year follow-up.
Cancer is the strongest comorbidity associated with the risk of mortality at 1-year follow-
up. This finding is consistent with previous studies which showed a strongly association
between diabetes and several tumors, particularly pancreatic, liver, breast, kidney, bladder,
endometrial, colorectal, and head and neck cancers [33]. In this sense, hyperglycemia
induces a proliferative, anti-apoptotic, and metastatic effect [34], and hyperinsulinemia
and obesity promote tumorigenesis [35,36]. Regarding the relationship between sex and
mortality, our results are apparently in contrast with recent literature, which showed that
women have greater increases of cardiovascular risk, myocardial infarction, and stroke
mortality in comparison with men [37], and that diabetes represents a stronger risk factor
for vascular disease in women than men [38]. Our study took into account a group of
very elderly in-patients hospitalized in internal medicine wards with multiple chronic
conditions and a higher percentage of male in-patients. In this regard, our analysis was
in line with previous studies that highlighted a male profile more inclined to be affected
by diabetes mellitus, coronary artery disease, COPD, and malignancy [5,6] in the group
of patients admitted to the internal and geriatric wards. With regard to the role of BI,
data from the RePoSi registry showed that BI ≤ 40, CIRS-SI and glycemia level ≥ 250
mg/dL were the stronger predictors of in-hospital mortality for older patients admitted
in general wards [12]. Elderly in-patients with pneumonia with a clinically significant
disability had a higher mortality risk [18]. Moreover, Gofir and colleagues showed that
hyperglycemia was an independent factor of functional outcomes of patients with acute
ischemic stroke measured by BI [39]. On hospital admission, a BI less than 65 predicts
mortality within six months of discharge. Functional disability on admission was predictive
of institutionalization on discharge [40]. In a Danish nationwide population-based cohort
study, including patients aged ≥65 years admitted to the geriatric departments, BI at
admission is strongly and independently associated with mortality [41]. In this study, BI
did not enter the multivariate analysis as an independent predictor of mortality, even if the
Barthel score clearly identified in-patients with diabetes in comparison with other patients
without diabetes. According to our analysis, an increase of 10 points in the BI score was
protective by 21% from the risk of death. It is, therefore, logical to assert that BI is one
of the strongest predictors of mortality in diabetic patients too. Concerning the role of a
higher glomerular filtration rate, diabetic nephropathy occurs in up to 50% of people with
diabetes, and represents a major cause of end-stage kidney disease, and is associated with
significantly increased cardiovascular morbidity and mortality [42]. A recent population-
based cohort study from primary care UK electronic health records showed higher all-cause
mortality risks in subjects with older age, and reduced renal function among people with
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type 2 diabetes [43]. In our analysis, an increase of 10 mL/min of glomerular filtration
rate was protective by 15% from the risk of death. We found that peripheral artery disease
had a protective role regarding 1-year mortality. It is well known that diabetes mellitus
increases the incidence of peripheral artery disease, accelerates disease progression, and
increases disease severity. Patients with concomitant diabetes mellitus and peripheral
artery disease are at high risk for major complications, such as amputation. The EUCLID
trial showed that patients with peripheral artery disease are at higher risk of cardiovascular
events: every 1% increase in HbA1c was associated with a 14.2% increased relative risk for
MACE [44]. According to a recent meta-analysis, diabetes is associated with an increased
risk of mortality in peripheral vascular disease, particularly in patients with critical limb
ischemia [45]. A possible explanation lies in the early therapeutic measures provided
by clinicians that did not make these patients more susceptible to ischemic events and
functional impairment, significantly improving daily quality of life, cardiovascular risk,
and patient outcomes. Most of these patients were treated with physical exercise, and it
is well known that physical exercise has a protector effect. This effect may be justified by
a greater development of collateral circulation, which is currently one of the therapeutic
recommendations in these kinds of patients [46,47]. This study had some limitations. First,
no specific information about diabetes duration is available. Second, HbA1c, which is the
better indicator of chronic glycemic levels and risk for long-term complications, is lacking.
Third, the RePoSi registry was not specifically designed to evaluate clinical information.
The major strength of the study is the multicenter design of the RePoSi, with a population
consisting of hospitalized elderly patients in internal medicine and geriatric wards with
multiple and more severe diseases.

5. Conclusions

In conclusion, this study showed the impact of diabetes and its comorbidities in the
elderly patients admitted in internal and geriatric wards. Moreover, our findings highlight
factors related to in-hospital and follow-up outcomes in this population. Our results
provide data for a better tailored management, and for the creation of health care pathways
from the hospital to tertiary care, allowing us to identify subjects with diabetes at higher
risk at the admission to the hospital, and at the post-discharge follow-up. This approach
should be mandatory for a correct management based on a comprehensive assessment of
elderly patients affected by diabetes.
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NAS Civico, Di Cristina, Benfratelli, DiBiMIS, Università di Palermo, Palermo), Alessandra
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