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Abstract
Diabetes is an increasing global health burden with the highest prevalence (24.0%) observed in elderly people. Older diabetic 
adults have a greater risk of hospitalization and several geriatric syndromes than older nondiabetic adults. For these condi-
tions, special care is required in prescribing therapies including anti- diabetes drugs. Aim of this study was to evaluate the 
appropriateness and the adherence to safety recommendations in the prescriptions of glucose-lowering drugs in hospital-
ized elderly patients with diabetes. Data for this cross-sectional study were obtained from the REgistro POliterapie–Società 
Italiana Medicina Interna (REPOSI) that collected clinical information on patients aged ≥ 65 years acutely admitted to Ital-
ian internal medicine and geriatric non-intensive care units (ICU) from 2010 up to 2019. Prescription appropriateness was 
assessed according to the 2019 AGS Beers Criteria and anti-diabetes drug data sheets.Among 5349 patients, 1624 (30.3%) 
had diagnosis of type 2 diabetes. At admission, 37.7% of diabetic patients received treatment with metformin, 37.3% insulin 
therapy, 16.4% sulfonylureas, and 11.4% glinides. Surprisingly, only 3.1% of diabetic patients were treated with new classes 
of anti- diabetes drugs. According to prescription criteria, at admission 15.4% of patients treated with metformin and 2.6% 
with sulfonylureas received inappropriately these treatments. At discharge, the inappropriateness of metformin therapy 
decreased (10.2%, P < 0.0001). According to Beers criteria, the inappropriate prescriptions of sulfonylureas raised to 29% 
both at admission and at discharge. This study shows a poor adherence to current guidelines on diabetes management in 
hospitalized elderly people with a high prevalence of inappropriate use of sulfonylureas according to the Beers criteria.
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Introduction

Type 2 diabetes is an increasing global health burden with a 
global prevalence reaching pandemic proportions. This ris-
ing prevalence has been attributed mainly to the ageing of 

populations [1]. It is estimated that there are currently 537 
million people living with diabetes worldwide and among 
these 135.6 million are individuals aged 65–99 years [1, 2]. 
Prevalence of type 2 diabetes increases with age with the 
highest prevalence (24.0%) being observed in individuals 
aged 75–79 years [1]. Furthermore, the prevalence of type 
2 diabetes in hospitalized patients aged 65–75 years and 
over 80 years of age has been estimated to be 20 and 40%, 
respectively [3–6]. It is estimated that the number of people 
with diabetes will continue to rise rapidly in the next years. 
Indeed, future projections of International Diabetes Federa-
tion (IDF) Diabetes Atlas suggest that by 2045 the absolute 
number of people with type 2 diabetes will have increased 
by 46% and the number of people older than 65 years with 
diabetes will reach 195.2 million by 2030 and 276.2 million 
by 2045 [1, 2].

Older adults with type 2 diabetes have higher rates of 
coexisting illnesses, such as hypertension, coronary heart 
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disease, stroke, and functional disability, than those with-
out diabetes [7, 8]. Furthermore, older adults are more apt 
to require hospitalization than younger adults, and, particu-
larly, those with diabetes are at very high risk of hospitali-
zation. Additionally, older adults with type 2 diabetes are 
also at greater risk than older nondiabetic adults for several 
common geriatric syndromes, such as cognitive impair-
ment, injurious falls, polypharmacy, increasing the risk of 
drug side effects, and drug-to-drug interactions [7–9]. For 
these conditions, special care is required in prescribing and 
monitoring pharmacologic therapies including anti-diabetes 
drugs, in older adults [9, 10].

Insulin therapy is the preferred pharmacological approach 
to manage hyperglycemia in hospitalized patients with type 
2 diabetes [3]. For patients in non-intensive care units (ICU) 
settings, subcutaneous basal insulin alone or in combination 
with prandial insulin, is effective and safe [3]. Selecting the 
treatment regimen in elderly patients is based on patient’s 
nutritional status, body weight, and hypoglycemia risk. The 
use of noninsulin antihyperglycemic agents is not recom-
mended for the management of hyperglycemia in hospital-
ized patients with type 2 diabetes [3].

Metformin is considered the first-line therapy for older 
adults with type 2 diabetes due to its efficacy and safety 
profile [8–11]. However, metformin should be temporarily 
discontinued during hospitalizations, before procedures, and 
when acute illness may compromise renal or liver function 
or may induce heart failure because of the increased risk of 
lactic acidosis [8, 10].

Sulfonylureas are associated with increased risk of hypo-
glycemia and should be used with caution in older people 
[8]. Notably, the American Geriatrics Society (AGS) Beers 
Criteria 2019 recommended to avoid glimepiride and glib-
enclamide for the high risk of severe prolonged hypoglyce-
mia [12]. The use of thiazolidinediones may precipitate or 
worsen heart failure and peripheral edema [3].

Instead, there is a particular interest in the use of dipep-
tidyl peptidase 4 (DPP-4) inhibitors in hospitalized patients 
with type 2 diabetes for their few side effects and neutral 
effects on major adverse cardiovascular outcomes [3, 5, 
11–15]. Moreover, in hospitalized patients, treatment with 
DPP-4 inhibitors has been associated with similar glyce-
mic control, and lower rates of hypoglycemia compared 
with insulin regimens [3, 16, 17]. Nevertheless, it has been 
reported that saxagliptin treatment is associated with an 
increased risk of hospitalizations for heart failure, also in 
elderly and very elderly patients [18]. The cardiovascular 
(CV) safety data on the effects of DPP-4 are conflicting since 
some randomized clinical trials and some real-life studies 
have reported an increased risk of hospitalizations for heart 
failure [19], while a recent meta-analysis shows that DPP-4 
inhibitors do not increase the risk of heart failure [20]. 
Therefore, the choice of treatment with DPP-4 inhibitors 

in the elderly patient with type 2 diabetes should take into 
account of comorbidities, especially heart failure.

Results of cardiovascular outcome trials (CVOT) have 
shown that treatment with sodium–glucose cotransporter 2 
inhibitors (SGLT2i) and GLP-1 receptor agonists (GLP-1 
RA) is associated with cardiovascular protection in diabetic 
patients with established atherosclerotic cardiovascular dis-
ease (ASCVD) and in those with higher ASCVD risk with 
benefits observed also in patients older than 65 years of age 
[21–30]. However, the increased risk of urinary and genital 
tract infections observed in patients treated with SGLT2i, the 
possible occurrence of volume depletion, and the develop-
ment of diabetic ketoacidosis among patients with type 2 
diabetes make the use of SGLT2 inhibitors less attractive in 
acutely ill hospitalized patients with hyperglycemia [3]. On 
the other hand, treatment with GLP-1 RA may not be advis-
able in some frail older patients, particularly those suffering 
from malnutrition sarcopenia, and cachexia, given that their 
use is associated with gastrointestinal side effects [3, 9].

The inappropriate use of anti-diabetes drugs is frequent, 
especially in the elderly hospitalized patients. However, 
although prior studies have shown a high prevalence of 
potentially inappropriate prescribing for adults living with 
type 2 diabetes, none of these studies have used an explicit 
tool specifically designed to identify inappropriate prescrib-
ing among people with diabetes, especially in older people 
[31].

The aim of this study was to evaluate the appropriateness 
and the adherence to safety recommendations in the pre-
scriptions of anti-diabetes drugs both at hospital admission 
and at discharge in a cohort of elderly patients with type 2 
diabetes hospitalized in internal medicine and geriatric non-
ICU participating in the REPOSI registry study.

Methods

Setting

Data for this cross-sectional study were obtained from the 
register REgistro POliterapie – Società Italiana Medicina 
Interna (REPOSI), an ongoing collaboration between the 
Italian Society of Internal Medicine (SIMI), IRCCS Fon-
dazione Ca` Granda Ospedale Maggiore Policlinico, and the 
Istituto di Ricerche Farmacologiche Mario Negri IRCCS. 
The REPOSI is a multicenter and prospective register that 
started in 2008 in order to collect clinical and therapeutic 
information on patients aged 65 years or older acutely admit-
ted to 102 Italian internal medicine and geriatric non-ICU 
during four index weeks during each season. Data collec-
tions were continued in 2010, 2012, 2014, 2016 and 2019.

The project’s design has been previously described in 
detail [32–34]. Briefly, patients were eligible for REPOSI 
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if: (1) they were admitted to one of the participating regional 
internal medicine non-ICU during the four index weeks cho-
sen 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 non-ICU had 
to enroll at least five consecutive eligible patients during 
each index week, recording data on socio-demographic 
details, diagnoses, treatment (including all drugs taken at 
hospital admission, and those recommended at discharge). 
Then, a final database was created and checked by the Isti-
tuto di Ricerche Farmacologiche Mario Negri IRCCS. All 
patients with and without diabetes were included in the 
present study analysis. Participation was voluntary, and all 
patients provided signed informed consent. REPOSI was 
approved by the Ethics Committee of the participating cent-
ers. The study was conducted according to Good Clinical 
Practice and the Declaration of Helsinki.

Data collection

REPOSI register includes 8417 older adults admitted to the 
participating internal medicine and geriatric wards enrolled 
from 2010 up to 2019. For this study, data from 5349 
patients with complete information were evaluated (Fig. 1). 
According to the ADA criteria [35], individuals were clas-
sified as having type 2 diabetes when fasting plasma glucose 
was ≥ 126 mg/dl (> 7 mmol/l), or were treated with anti-
diabetic drugs. Patients with type 1 diabetes were excluded 
from enrollment from participating centers. All patients with 
type 2 diabetes were screened in order to determine what 
type of anti-diabetes drugs they were prescribed, both at 
hospital admission and discharge. Hospital admission ther-
apy refers to the treatment taken at home before the admis-
sion. Anti-diabetes drugs use at admission and discharge 
was coded according to the Anatomic Therapeutic Chemi-
cal (ATC) Classification System. We used the following 

ATC codes: insulin therapy: A10A, metformin: A10BA, 
Sulfonylureas: A10BB, Glinides: A10BX02, Pioglitazone: 
A10BG03, DPP-4 inhibitors: A10BH, GLP-1 RA: A10BJ, 
SGLT2 inhibitors: A10BK, Acarbose: A10BF01.

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 characteristics were evaluated: cognitive 
status (assessed by the Short-Blessed-Test (SBT) [36]; per-
formance in activities of daily living at hospital admission 
(measured by means of the Barthel Index (BI) [37]; severity 
and comorbidity index (assessed by the Cumulative-Illness-
Rating-Scale (CIRS-s and CIRS-c, respectively)) [38]; glo-
merular filtration rate (eGFR) (using the Chronic Kidney 
Disease Epidemiology Collaboration formula) [39]; length 
of hospital stay; drug prescriptions (at admission and at dis-
charge). Polypharmacy was defined by the contemporary 
chronic use of 5 or more drugs [40].

Criteria for inappropriate/appropriate prescription 
and adherence to guidelines recommendations

Prescription appropriateness was assessed according to the 
2019 American Geriatrics Society Beers Criteria [12], and 
the indications according to the European Medicines Agency 
(EMA) and Italian Medicines Agency (AIFA) anti-diabetes 
drug data sheets. Briefly, in patients with type 2 diabetes 
hospitalized for exacerbations of chronic diseases or in the 
case of acute diseases, it is recommended to prescribe insu-
lin therapy [8, 12]. Metformin therapy is inappropriate for 
eGFR values < 30 mL/min/1.73m2, during acute illness, 
acute myocardial infarction, metabolic acidosis, shock and 

Fig. 1  Flowchart of the study 
population
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respiratory failure for the increased risk of lactic acidosis [8, 
12]. Sulfonylureas and other insulin secretagogues are not 
recommended in older adults for the increased risk of hypo-
glycemia [8, 12]. Furthermore, sulfonylureas are inappropri-
ate during severe kidney and liver failure and acute illness 
[8, 12]. Pioglitazone is inappropriate during heart failure, 
several liver impairment and bladder cancer [8, 12]. Moreo-
ver, it is recommended caution in the use of pioglitazone in 
case of osteoporosis and history of bone fractures [8, 12]. 
GLP-1 RA therapy is inappropriate in case of acute pancrea-
titis and end-stage renal disease [8, 12]. SGLT2 inhibitors 
are inappropriate during severe renal failure [8, 12].

Statistical analysis

We divided our sample in two groups according to the pres-
ence of type 2 diabetes at admission in hospital. For each 
patient the presence of this condition was defined using 
directly the diagnosis and/or the prescriptions of anti-dia-
betes drugs. The patients' socio-demographic characteristics 
were presented using standard descriptive statistics. We tab-
ulated percentages for discrete variables, mean and standard 
deviations for continuous variables. Differences between the 
two groups were evaluated with Pearson’s chi-squared test. 
Mean and standard deviations for numerical variables were 
evaluated with Mann Whitney’s test. Normality for clinical 
continuous features was checked with Kolmogorov–Smirnov 
and Anderson–Darling tests.

Successively, on the subgroup of all diabetic subjects 
regardless of whether it occurred before or during the hos-
pitalization, we performed a pre-post analysis using McNe-
mar’s test in order to evaluate the change of anti-diabetes 
prescription from admission to discharge. Analogue analyses 
were performed to assess the appropriateness of each anti-
diabetes classes investigated.

Successively, on the sample of diabetic subjects, we 
studied the relationship between mortality at 3 months after 
discharge and appropriateness of the antidiabetic therapy 
according to the combination of the EMA and AIFA data 
sheets and 2019 AGS Beers criteria; we conducted a logistic 
model regression first univariately and then adjusting Odds 
Ratios (OR) for age, sex and comorbidity index. A logis-
tic regression analysis adjusted by age, gender, number of 
drugs, comorbidity index and eGFR (dichotomized using a 
threshold of 30 mL/min/1.73m2, according to prescriptive 
criteria) was conducted to evaluate causes of inappropri-
ateness in prescriptions of anti-diabetic drugs. Confidence 
Intervals (CI) were calculated using Wald’s test.

For each statistical test, the significance criterion (alpha) 
was set at 0.05.

All analyses were performed using SAS software, version 
9.4 (SAS Institute, Inc.; Cary, NC).

Results

Clinical characteristics of the elderly population 
according to diabetes diagnosis

For this analysis, 5349 patients acutely admitted to 102 
Italian internal medicine and geriatric non-ICU during the 
period from 2010 up to 2019 were evaluated; among them, 
1624 (30.3%) had diagnosis of type 2 diabetes, and 3725 
were patients without history of diabetes (69.7%) (Fig. 1). 
During the hospitalization 72 patients were diagnosed as 
having newly diagnosed type 2 diabetes leading to a total 
number of 1696 patients with diagnosis of diabetes at hos-
pital discharge. All clinical parameters evaluated with Kol-
mogorov–Smirnov and Anderson–Darling tests resulted 
not normally distributed (all p < 0.01 using the first test 
and all p < 0.005 using the second one).

As shown in Table 1, patients with type 2 diabetes were 
more likely to be men, younger, married, not living alone, 
and ex-smoker as compared with nondiabetic patients 
(Table 1).

Patients with type 2 diabetes had higher BMI 
(27.8 ± 5.5 kg/m2 vs 25.2 ± 4.7 kg/m2, P < 0.0001), and 
were more often overweight (39.2% vs 34.1%, P = 0.0007) 
and obese (26.6% vs 13.9%, P < 0.0001) than nondiabetic 
patients (Table 1). Moreover, a significant higher propor-
tion of patients with type 2 diabetes had comorbidities, 
such as hypertension, myocardial infarction, peripheral 
vascular disease, heart failure, liver disease, and chronic 
kidney disease with significant higher creatinine levels 
and lower eGFR as compared with nondiabetic patients 
(Table 1, Table 2). Furthermore, even if we observed a 
higher proportion of dementia in nondiabetic individuals 
than patients with type 2 diabetes, no significant differ-
ences were observed regarding overt cognitive impair-
ment between patients with and without diabetes (Table 1, 
Table 2).

As expected, patients with type 2 diabetes showed sig-
nificant higher fasting plasma glucose levels than those 
without diabetes (Table 2). Moreover, patients with type 
2 diabetes exhibited significantly higher levels of systolic 
blood pressure, and lower levels of heart rate and total 
cholesterol than nondiabetic individuals (Table 2).

Patients with type 2 diabetes exhibited higher sever-
ity index assessed by CIRS-s (1.8 ± 0.3 vs 1.6 ± 0.3, 
P < 0.0001) and comorbidity index assessed by CIRS-c 
(3.8 ± 1.9 vs 2.9 ± 1.9, P < 0.0001) as compared with non-
diabetic patients, also excluding diabetes in the assess-
ment of CIRS (Table 2). Furthermore, a significant higher 
proportion of patients with type 2 diabetes took more of 
5 chronic drugs and more of 10 chronic drugs (excluded 
drugs for diabetes) than nondiabetic individuals (Table 2).
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Table 1  Socio-demographic and 
anthropometrics characteristics 
of the elderly population 
according to the presence of 
diabetes

Type 2 Diabetes 
(n = 1696)

No Type 2 Diabetes 
(n = 3653)

P value

Gender, n (%)
 Female 800 (46.8) 1978 (54.2)  < 0.0001
 Male 895 (53.2) 1674 (45.8)
 Missing 1 1
 Age (yrs), mean ± SD 78.4 ± 7.0 80.0 ± 7.7  < 0.0001

Civil Status, n (%)
 Married, n (%) 922 (56.7) 1825 (51.9) 0.0015
 Widow, n (%) 549 (33.7) 1351 (38.4) 0.0012
 Separated, n (%) 29 (1.8) 51 (1.5) 0.37
 Divorced, n (%) 27 (1.7) 54 (1.5) 0.74
 Single, n (%) 100 (6.1) 234 (6.7) 0.49
 Missing 69 138

Live with, n (%)
 Living alone 324 (20.3) 897 (25.9)  < 0.0001
 With Partner 770 (48.2) 1546 (44.6) 0.0197
 With Children 254 (15.9) 527 (15.2) 0.54
 With Partner & Children 122 (7.6) 198 (5.7) 0.0094
 Other 129 (8.1) 295 (8.5) 0.59
 Missing 97 190
 Having a caregiver, n (%) 871 (52.1) 1843 (51.2) 0.54
 Missing 25 55

Alcohol, n (%)
 Never, 929 (57.4) 2018 (57.3) 0.99
 Ex-drinker 171 (10.6) 391 (11.1) 0.56
 Drinker 230 (14.2) 465 (13.2) 0.34
 Social Drinker, 290 (17.9) 646 (18.4) 0.70
 Missing 76 133

Smoking status, n (%)
 Never smoked 828 (50.8) 2017 (56.8)  < 0.0001
 Ex-Smoker 658 (40.4) 1217 (34.3)  < 0.0001
 Smoker 144 (8.8) 317 (8.9) 0.91
 Missing 66 102
 BMI (kg/m2), mean ± SD 27.8 ± 5.5 25.2 ± 4.7  < 0.0001

BMI classes, n (%)
 BMI < 18.5 17 (1.2) 162 (5.1)  < 0.0001
 BMI ≥ 18.5 and < 24.9 483 (33.0) 1481 (46.9)  < 0.0001
 BMI ≥ 25 and < 29.9 574 (39.2) 1075 (34.1) 0.0007
 BMI ≥ 30 389 (26.6) 437 (13.9)  < 0.0001
 Missing 233 498  < 0.0001

Comorbidities, n (%)
 Hypertension 1038 (61.2) 1897 (51.9)  < 0.0001
 Myocardial Infarction 99 (5.8) 153 (4.2) 0.0081
 Peripheral Vascular Disease 306 (18.0) 521 (14.3) 0.0004
 Cerebrovascular Disease 403 (23.8) 925 (25.3) 0.22
 Heart failure 587 (34.6) 1045 (28.6)  < 0.0001
 COPD 447 (26.4) 956 (26.2) 0.89
 Rheumatic disease 63 (3.7) 162 (4.4) 0.22
 Liver disease 240 (14.2) 355 (9.7)  < 0.0001
 Dementia 157 (9.3) 467 (12.8) 0.0002
 Chronic Kidney Disease 701 (41.3) 1003 (27.5)  < 0.0001
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Table 1  (continued) Type 2 Diabetes 
(n = 1696)

No Type 2 Diabetes 
(n = 3653)

P value

 Cancer 87 (5.1) 227 (6.2) 0.11
 Previous hospitalization, n (%) 775 (45.7) 1651 (45.2) 0.73
 Institutionalized, n (%) 95 (5.6) 178 (4.9) 0.26
 Missing 12 30
 Length of hospital stay (days), mean ± SD 12.7 ± 13.7 12.0 ± 10.4 0.07
 Missing 20 29

Data are reported as mean ± SD, unless otherwise indicated. BMI = body mass index

Table 2  Clinical and laboratory 
characteristics of the elderly 
population according to the 
presence of diabetes

Data are reported as mean ± SD, unless otherwise indicated. CIRS Cumulative-Illness-Rating-Scale

Type 2 Diabe-
tes (n = 1696)

No Type 2 Dia-
betes (n = 3653)

P value

Systolic blood pressure (mmHg), mean ± SD 134.3 ± 22.1 131.6 ± 22.0  < 0.0001
Missing 8 28
Diastolic blood pressure (mmHg), mean ± SD 73.6 ± 12.2 73.7 ± 16.2 0.71
Missing 7 24
Heart rate (bpm), mean ± SD 79.3 ± 16.0 79.9 ± 17.0 0.20
Missing 11 39
Fasting Glucose (mgl/dL, mean ± SD 160.0 ± 83.6 108.5 ± 31.7  < 0.0001
Missing 51 154
Total cholesterol (mg/dl), mean ± SD 150.0 ± 43.4 158.3 ± 45.9  < 0.0001
Missing 471 1104
Creatinine (mg/dl), mean ± SD 1.4 ± 0.9 1.2 ± 0.8  < 0.0001
Missing 20 52
eGFR (mL/min/1.73m2), mean ± SD 55.9 ± 24.5 61.3 ± 23.5  < 0.0001
eGFR class, n (%)
eGFR class I K-DOQI 64 (3.8) 101 (2.8) 0.0488
eGFR class II K-DOQI 231 (13.8) 302 (8.4)  < 0.0001
eGFR class III K-DOQI 647 (38.6) 1273 (35.3) 0.0222
eGFR class IV K-DOQI 592 (35.3) 1569 (43.6)  < 0.0001
eGFR class V K-DOQI 142 (8.5) 356 (9.9) 0.10
Missing 20 52
Barthel index score, mean ± SD 74.3 ± 29.1 74.4 ± 30.1 0.90
Clinically significant disability (Barthel index ≤ 40), n (%) 238 (15.3) 597 (16.8) 0.18
Missing 70 180
Short Blessed Test score, mean ± SD 8.7 ± 7.6 8.6 ± 7.8 0.67
Overt Cognitive impairment (SBT ≥ 10), n (%) 605 (41.7) 1338 (40.4) 0.39
Missing 174 413
Severity index (by CIRS), mean ± SD 1.8 ± 0.3 1.6 ± 0.3  < 0.0001
Severity index (by CIRS)-Excluded diabetes, mean ± SD 1.7 ± 0.3 1.6 ± 0.3  < 0.0001
Comorbidity index (by CIRS), mean ± SD 3.7 ± 1.9 2.7 ± 1.8  < 0.0001
Comorbidity index (by CIRS)-Excluded diabetes, mean ± SD 3.0 ± 1.8 2.7 ± 1.8  < 0.0001
Polypharmacy, n (%) 1342 (79.1) 2000 (54.8)  < 0.0001
Excessive (More than 10 Drugs) n (%) 378 (22.3) 209 (5.7)  < 0.0001
Polypharmacy (excluded drugs for diabetes), n (%) 1135 (66.9) 1997 (54.7)  < 0.0001
Excessive (More than 10 Drugs), n (%) 181 (10.7) 208 (5.7)  < 0.0001
Drug Number, mean ± SD 7.1 ± 3.0 5.1 ± 2.6  < 0.0001
Drug number (excluded drugs for diabetes), mean ± SD 5.9 ± 2.9 5.1 ± 2.6  < 0.0001
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Anti‑diabetes therapy in patients with diabetes

At hospital admission, 247 patients among those with diabe-
tes (15.2%) did not receive any type of anti-diabetes therapy, 
695 (42.8%) patients were treated with only one drug, 578 
(35.6%) received two, while the remaining had the prescrip-
tion of three or more anti-diabetes drugs in combination.

In particular, 37.7% of patients with type 2 diabetes were 
treated with metformin, 37.3% with insulin therapy, 16.4% 
with sulfonylureas, and 11.4% with glinides. Moreover, 2.5% 
of patients were treated with acarbose and 1.4% with piogl-
itazone (Table 3). Surprisingly, at admission only 2.8% of 
patients with type 2 diabetes were treated with DPP-4 inhibi-
tors, 0.1% with GLP1-RA and 0.2% with SGLT2 inhibitors 
(Table 3).

At hospital discharge, we found a significant decrease in 
the prescription of metformin (37.7% vs 27.8%, P < 0.0001), 
sulfonylureas (16.4% vs 9%, P < 0.0001), and pioglitazone 
(1.4% vs 0.4%, P < 0.0001) and a significant increase in the 
prescription of insulin therapy (37.7% vs 44.8%, P < 0.0001). 
Furthermore, at hospital discharge, we observed a nominally 
significant increase in the prescription of GLP-1 RA (0.1% 
vs 0.4%, P = 0.05), whereas no differences were observed 
in prescriptions of DPP-4 inhibitors, SGLT2 inhibitors, and 
glinides (Table 3).

We therefore analyzed the prescriptions of glucose-lower-
ing drugs stratified by years of enrollment of patients in the 

REPOSI register, and we did not find significant differences 
compared with the overall prevalence, although we observed 
a trend towards a reduction in the prevalence of the prescrip-
tions of sulfonylureas and repaglinide and an increase in 
those of DPP-IV inhibitors, and slightly of GLP-RA and 
SGLT2 inhibitors, in the years 2018–2019 compared to the 
years 2010–2011 (see supplemental materials, Table S1). 
Furthermore, we analysed the prescriptions of glucose-low-
ering drugs stratified by geographic areas of centers partici-
pating to REPOSI register that enrolled the patients (North-
ern, Central and Southern Italy). We found a significant 
lower rate of prescription of sulfonylureas (P = 0.0007) and a 
greater use of insulin therapy (P = 0.0088) both at admission 
and at discharge in Southern Italy as compared Northern and 
Central Italy (see supplemental materials, Table S2).

Appropriateness of anti‑diabetes drugs, at hospital 
admission and discharge

According to the EMA and AIFA data sheets, among dia-
betic patients treated with at least one anti-diabetes drug, 99 
(7.2%) resulted inappropriately treated at admission. This 
proportion was reduced at hospital discharge around a half 
(50 subjects, 3.7%, P < 0.0001). When we also considered 
the 2019 AGS Beers Criteria, the number of subjects not 
appropriately treated raised to 284 (20.6%) at admission, 

Table 3  Antidiabetic therapy in 
elderly patients with diabetes

At admission 
(n = 1624)

At discharge 
(n = 1696)

P value

Metformin
 Pure, A10BA02 511 (31.5) 416 (24.5)  < 0.0001
 Combinations Included 612 (37.7) 472 (27.8)  < 0.0001

Sulfonylureas
 Pure, A100BB 190 (11.7) 115 (6.8)  < 0.0001
 Combinations Included 267 (16.4) 152 (9.0)  < 0.0001
 Repaglinide, A10BX02 185 (11.4) 174 (10.3) 0.42

Pioglitazone
 Pure, A10BG03 13 (0.8) 3 (0.2) 0.0016
 Combinations Included 23 (1.4) 7 (0.4)  < 0.0001

DPP-IV inhibitors
 Pure, A10BH Combinations Included 28 (1.7) 31 (1.8) 0.44
 DPP-IV inhibitors 45 (2.8) 46 (2.7) 0.85

GLP-1 RA
 Pure, A10BJ Combinations Included 2 (0.1) 6 (0.4) 0.05
 GLP-1 RA 2 (0.1) 6 (0.4) 0.05

SGLT2 inhibitors
 Pure, A10BK Combinations Included 2 (0.1) 2 (0.1) 1.00
 SGLT2 inhibitors 3 (0.2) 4 (0.2) 0.31
 Acarbose, A10BF01 40 (2.5) 24 (1.5) 0.0018
 Insulin therapy, A10A 605 (37.3) 759 (44.8)  < 0.0001
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with a significative decrement at discharge to 239 units 
(17.7%, P < 0.049).

At hospital admission, 15.4% of patients treated with met-
formin, 2.6% treated with sulfonylureas, and 1.1% treated 
with repaglinide received these treatments inappropriately 
according to the EMA and AIFA data sheets (Table 4). At 
hospital discharge, it was observed a decrease in the inap-
propriateness of metformin therapy (10.2%, P < 0.0001). 
When we considered the appropriateness of anti-diabetes 
drugs according to the Beers Criteria, the proportion of not 
appropriate prescriptions of sulfonylureas raised to 28.5% at 
hospital admission and was similar being 29% at discharge 
(P = 0.92) (Table 5).

Furthermore, we analysed the appropriateness of pre-
scriptions of glucose-lowering drugs stratified by geographic 
areas of centers participating to REPOSI register and we 
didn’t observe significant differences between Northern, 
Central and Southern Italy (see supplemental materials, 
Table S2).

At hospital admission, the most prevalent cause of inap-
propriateness among metformin prescriptions was the low 
levels of eGFR (< 30  mL/min/1.73m2) observed in 51 
patients (54.3%) while, at discharge, the most prevalent 
cause was the acute myocardial infarction suffered by 19 
patients (39.6%, see supplemental materials, Table S3).

In a logistic regression model adjusted by age, sex, 
number of drugs, comorbidity index and eGFR (dichoto-
mized using a threshold of 30 mL/min/1.73m2, according 
to the appropriateness prescriptive criteria), only eGFR was 

Table 4  Appropriateness of 
antidiabetic drugs, at hospital 
admission and discharge

At admission At discharge P value

Appropriate
 Metformin Sulfonylureas Thiazolidinediones DPP-IV inhibitors 518 (84.6) 424 (89.8)  < 0.0001
 GLP-1 RA 260 (97.4) 151 (99.3) –
 SGLT2 inhibitors Insulin therapy Repaglinide 24 (100) 8 (100) –
 Acarbose 45 (100) 46 (100) 0.014
 Appropriate 2 (100) 4 (66.7) 0.05
 Metformin Sulfonylureas Thiazolidinediones DPP-IV inhibitors 3 (100) 3 (100) –
 GLP-1 RA 605 (100) 759 (100) –
 SGLT2 inhibitors Insulin therapy Repaglinide 183 (98.9) 174 (100) 0.16
 Acarbose 40 (100) 24 (100) –

Not Appropriate
 Metformin 94 (15.4) 48 (10.2)  < 0.0001
 Sulfonylureas 7 (2.6) 1 (0.7) 0.014
 Thiazolidinediones 0 (0) 0 (0) –
 DPP-IV inhibitors 0 (0) 0 (0) –
 GLP-1 RA 0 (0) 2 (33.3) 0.05
 SGLT2 inhibitors 0 (0) 0 (0) –
 Insulin therapy 0 (0) 0 (0) –
 Repaglinide 2 (1.1) (0) 0.16
 Acarbose 0 (0) (0) –

Table 5  Appropriateness of antidiabetic drugs according to also 
BEERS criteria, at hospital admission and discharge

At admission At discharge P value

Appropriate
 Metformin 518 (84.6) 424 (89.8)  < 0.0001
 Sulfonylureas 191 (71.5) 108 (71.0) 0.92
 Thiazolidinediones 24 (100) 8 (100) –
 DPP-IV inhibitors 45 (100) 46 (100) –
 GLP-1 RA 2 (100) 4 (66.7) 0.05
 SGLT2 inhibitors 3 (100) 3 (100) –
 Insulin therapy 486 (80.3) 610 (80.4) 0.99
 Repaglinide 183 (98.9) 174 (100) 0.16
 Acarbose 40 (100) 24 (100) –

Not Appropriate
 Metformin 94 (15.4) <0.0001
 Sulfonylureas 76 (28.5) 0.92
 Thiazolidinediones 0 (0) –
 DPP-IV inhibitors 0 (0) –
 GLP-1 RA 0 (0) 0.05
 SGLT2 inhibitors 0 (0) –
 Insulin therapy sliding 

scale
119 (19.7) 0.99

 Repaglinide 2 (1.1) 0.16
 Acarbose 0 (0) –



1057Internal and Emergency Medicine (2023) 18:1049–1063 

1 3

significantly associated with inappropriate prescriptions. 
Notably, patients with eGFR < 30 mL/min/1.73m2 exhibited 
an increased risk of not appropriate treatment compared to 
patients with higher level of eGFR (OR 2.56 (CI: 1.88–3.49, 
P < 0.0001).

Appropriateness of anti‑diabetes drugs 
and outcomes during hospitalization 
and after discharge

Finally, we have investigated the impact of appropriateness 
of anti-diabetes drugs according to the combination of the 
EMA and AIFA data sheets and 2019 AGS Beers criteria 
on length of hospitalization and mortality at 3 months of 
subjects with diagnosis of type-2 diabetes. We observed a 
similar length of hospital stay between appropriated and not 
appropriated treated patients with type 2 diabetes (12.6 vs 
13.1 days, respectively; P = 0.43). Furthermore, we found 
a higher incidence of mortality at 3 months post-discharge 
in patients with type 2 diabetes non-appropriately treated 
as compared to those appropriately treated (8.4% vs 4.7%, 
P = 0.0196). Notably, patients with type 2 diabetes not 
appropriately treated exhibited a 1.84-fold increased risk 
of mortality at 3 months as compared to patients appropri-
ately treated (95% CI 1.09–3.08, P = 0.0215). This increased 
risk remained statistically significant also in adjusted 
model including age, sex and comorbidity index (CIRS) 
(P = 0.0169). In particular, an increased risk of mortality 
at 3 months after discharge was associated to a point-incre-
ment of age (OR = 1.08, CI 1.04–1.11, p < 0.0001), CIRS 
(OR = 1.12, CI 1.01–1.24, p = 0.031) and men (OR = 1.90, 
CI 1.20–3.00, p = 0.0058 compared to women).

Discussion

This study aimed to evaluate the prescribing appropriateness 
to safety recommendations of anti-diabetes drugs in hospi-
talized elderly patients with type 2 diabetes both at admis-
sion and at discharge. Although previous studies have shown 
a high prevalence of inappropriate prescribing for outpa-
tients with diabetes, none of them evaluated the prescriptive 
appropriateness of anti-diabetes drugs in hospitalized elderly 
patients [31]. The present analysis was performed using data 
obtained from the database REPOSI, including 5349 patients 
aged ≥ 65 acutely admitted to 102 Italian internal medicine 
and geriatric non-ICU wards [32–34]. We found that at 
hospital admission 16.4% of patients with type 2 diabetes 
were treated with sulfonylureas. According to the 2019 AGS 
Beers Criteria, 28.5% of these prescriptions were inappropri-
ate on the basis of the recommendation to avoid the prescrip-
tion of glimepiride and glibenclamide in elderly people for 
the high risk of severe prolonged hypoglycemia [12]. On the 

other hand, the ADA Standards of Care recommends avoid-
ing only the prescription of glibenclamide in elderly people, 
although the sulfonylureas and other insulin secretagogues 
with caution for their increased risk of hypoglicemia [8]. 
Remarkably, although at discharge it was observed a nomi-
nal reduction in the prescription of sulfonylureas, 29% of 
patients with diabetes still remained inappropriately treated 
with this class of anti-diabetes drugs.

At hospital admission, more than a third of patients with 
diabetes were treated with metformin, and in 15.4% of the 
prescriptions were inappropriate according to the EMA and 
AIFA data sheets. Treatment with metformin is inappropri-
ate in patients with chronic kidney failure and respiratory 
insufficiency, and during acute illness due to the increased 
risk of lactic acidosis [8, 12]. We found that hospitalized 
individuals with diabetes showed a significant impairment 
of renal function as compared with nondiabetic subjects. In 
particular, about 40% of patients with diabetes exhibited a 
moderate or severe impairment in renal function, two condi-
tions in which treatment with metformin is inappropriate.

Furthermore, we observed that individuals with type 2 
diabetes exhibited a significant higher severity index and 
an increase of comorbidities, such as hypertension, myo-
cardial infarction, peripheral vascular disease, heart failure, 
liver disease, and chronic kidney disease as compared with 
patients without diabetes. Notably, most of these conditions 
met the criteria of inappropriateness for treatment with 
metformin, pioglitazone and other anti-diabetes drugs. The 
present analysis shows that at hospital admission the most 
prevalent cause of inappropriateness among metformin pre-
scriptions was the low levels of eGFR observed in 54.3% of 
the patients, while, at hospital discharge, the most prevalent 
reason of inappropriateness was the acute myocardial infarc-
tion suffered by 39.6% of the subjects. Notably, patients with 
eGFR < 30 mL/min/1.73m2 exhibited an increased risk of 
not appropriate treatment compared to patients with higher 
level of eGFR. Therefore, our data underline the critical role 
of renal function in the evaluation of appropriate antidiabetic 
treatment in elderly patients hospitalized. Furthermore, res-
piratory failure and acute illness were the two more com-
mon causes of inappropriateness for metformin treatment in 
patients both at admission (20.2% and 13.8%, respectively) 
and at discharge (25% and 22.9%, respectively). For the high 
frequency of these concomitant conditions, a recently pub-
lished Endocrine Society’s guideline recommended the use 
of scheduled insulin therapy instead of noninsulin therapies 
for glycemic management in hospitalized subjects with dia-
betes [40]. According to this recommendation, we observed 
that the prescriptions of insulin therapy increased signifi-
cantly during the hospitalization of patients with diabetes 
in internal medicine and geriatric non-ICU wards. Notably, 
a sliding scale insulin regimen was prescribed to 19.6% of 
the patients. This regimen consisting in administration of 
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short- or rapid-acting insulin 4 to 6 times a day, based on 
regularly obtained capillary blood glucose levels without 
concurrent use of basal or long-acting insulin, was not rec-
ommended by the 2019 Beers Criteria [12]. However, the 
most recent Endocrine Society Guidelines suggest both slid-
ing scale and scheduled insulin regimens considering the 
lower risk of hypoglycemic events, but with a slightly higher 
daily plasma glucose levels and higher length of hospital 
stay observed in sliding scale insulin regimen as compared 
with scheduled insulin therapy [40]. Additionally, we found 
that almost half of patients with diabetes were discharged 
with insulin therapy, whereas there was a significant reduc-
tion in the prescription of noninsulin therapies at discharge 
as compared with the admission. The Endocrine Society 
Clinical Practice Guideline suggests that it may be reason-
able to begin other noninsulin therapies, such as DPP-4 
inhibitors, in stable patients prior to discharge as a part of a 
coordinated transition plan [40].

To the best of our knowledge, this is the first study that 
also evaluated the impact of appropriateness of anti-diabetes 
drugs in hospitalized elderly patients on mortality post-dis-
charge. Indeed, we found that patients with type 2 diabetes 
not appropriately treated exhibited a 1.84-fold increased risk 
of mortality at 3 months as compared to patients appropri-
ately treated. This increased risk remained significant also 
in adjusted model including age, sex and comorbidity index. 
In particular, the variables significantly associated with an 
increased risk of mortality at 3 months after discharge were 
age, CIRS and men. These results highlighting the impor-
tance of the appropriateness and the adherence to safety rec-
ommendations in the prescriptions of anti-diabetes drugs 
especially in elderly patients with comorbidities who could 
be exposed to an increased risk of mortality with an inap-
propriate treatment.

In the present study we also observed a lower prevalence 
of dementia in patients with diabetes as compared with 
patients without diabetes, in contrast to previous studies 
[41]; this discrepancy could be due to an underestimation of 
the diagnosis of dementia in hospitalized patients. Indeed, at 
admission more patients than those with an established diag-
nosis of dementia had Overt Cognitive impairment evaluated 
by Short Blessed Test, with no difference between patients 
with and without diabetes.

It was surprising to observe that at hospital admission 
about 3% of patients with type 2 diabetes were treated with 
the new classes of anti-diabetes drugs, such as GLP-1 RA, 
DPP-4 inhibitors and SGLT2 inhibitors, despite their effi-
cacy and safety profile even in the elderly people with type 
2 diabetes. It is conceivable that some concerns about an 
increased risk of euglycemic ketoacidosis and acute kidney 
injury especially in the patients with acute illness during 
the treatment with SGLT2 inhibitors have influenced the 
therapeutic choice. However, treatment with GLP-1 RA and 

DPP-4 inhibitors in hospitalized patients has been associated 
with similar glycemic control and lower rates of hypoglyce-
mia compared with insulin regimens [3, 16, 17]. Moreover, 
given that treatment with saxagliptin has been associated 
with increased risk hospitalization for heart failure [18], we 
cannot exclude that DPP-4 inhibitors are prescribed with 
caution in older diabetic patients with heart failure.

Indeed, a recent meta-analysis has shown that although 
insulin therapy remains the preferred approach for glycemic 
management in hospitalized patients, treatment with DPP-4 
inhibitors may be appropriate in select patients with type 2 
diabetes, including those with well-managed diabetes and 
those with established noninsulin-requiring diabetes nearing 
hospital discharge [42]. A possible explanation for the low 
use of the new classes of anti-diabetes drugs observed in our 
analysis may be related to the fact that the elderly patients 
admitted to the REPOSI registry were enrolled from 2010 up 
to 2019 when data of cardiovascular outcome trial were not 
fully accrued and translated into clinical practice guideline. 
Indeed, at hospital discharge, we observed a nominally sig-
nificant increase in the prescription of GLP-1 RA. Moreover, 
we observed a trend towards a reduction in the prevalence 
of the prescriptions of sulfonylureas and repaglinide and 
an increased use of DPP-4 inhibitors and to a lesser extent 
of GLP-RA and SGLT2 inhibitors, in the years 2018–2019 
compared to the years 2010–2011. Clearly, future analyses 
on elderly patients admitted to medical and geriatric non-
ICU wards after 2019 will be needed to determine if there is 
a greater adherence to recent guidelines on diabetes manage-
ment and care in the elderly patients.

The present study has some strengths and limitations 
that merit consideration. A main strength is represented 
by the multicenter design of the REPOSI register with a 
large number of internal medicine and geriatric non-ICU 
wards throughout Italy providing a representative and unse-
lected sample of older in-patients with multiple and severe 
diseases.

Nevertheless, this study has also some limitations. First, 
in the frame of the REPOSI register there is no informa-
tion about diabetes duration and duration of the prescribed 
therapy. Second, HbA1c, which is the better indicator of 
long-term glycemic control, is lacking. Third, in the REPOSI 
register there is no information about any hypoglycemic 
events during the hospitalization. Furthermore, we observed 
a discrepancy in the number of patients diagnosed with dia-
betes at discharge that increased with respect as compared 
with the number of patients with diabetes diagnosis at the 
time of hospital admission, likely due to newly diagnosed 
type 2 diabetes diagnosed during hospitalization. Moreo-
ver, in the REPOSI register is not evaluated the economic 
status. Otherwise, in Italy, this is not an influencing factor 
concerning the antidiabetic therapy choice. This thanks to 
the nature of the national health system, which guarantee 
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to all diabetic people to get the best and desired medica-
ments with a full reimbursement independently by the cost 
of the therapy. Because in Italy the health care is entirely tax 
financed, the present results are not influenced by the level 
of economic status of the participants at odds with other 
countries where health care relies on user payment. Finally, 
REPOSI register enrolled only Italian older in-patients and 
the results may not be generalizable to other ethnic groups 
or different geographical areas.

Conclusions

Overall, the present study shows a poor adherence to recent 
guidelines on diabetes management and care in hospitalized 
elderly people in internal medicine and geriatric non-ICU 
wards assessed from 2010 to 2019. Notably, we found a high 
proportion of inappropriate use of sulfonylureas according 
to the 2019 AGS Beers criteria. Furthermore, at hospital 
admission only ~ 3% of elderly patients with type 2 diabetes 
were treated with the new classes of anti-diabetes drugs, 
such as GLP-1 RA, DPP-4 inhibitors, and SGLT2 inhibitors, 
despite it has been shown to be effective, and safe drugs in 
elderly patients and we observed a trend towards an increase 
in their prescriptions in the years 2018–2019 compared to 
the years 2010–2011. Importantly, the inappropriateness 
prescriptive of the anti-diabetes drugs was associated with 
an increased risk of mortality at 3 months in elderly patients 
with type 2 diabetes hospitalized. These results highlighting 
the importance of the appropriateness and the adherence to 
safety recommendations in the prescriptions of anti-diabe-
tes drugs especially in elderly patients with comorbidities. 
Future analyses on elderly patients admitted to medical and 
geriatric non-ICU wards after 2019 are needed to explore if 
there is a greater adherence to recent guidelines on diabetes 
management and care in elderly patients.
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