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Results  Mean age was 82 ± 7 years. 9.1% patients experi-
enced mild hypoglycaemia, and no severe hypoglycaemia 
was reported. The median number of BG per patients in 
target range increased from 2.0 ± 2 to 3.0 ± 2 (p < 0.001). 
The daily mean BG decreased from 11.06 ± 3.03 to 
9.64 ± 2.58  mmol/l (−12.8%, p < 0.005). The mean num-
ber of calls to physicians per patient decreased from 0.83 to 
0.45 (p < 0.05).
Conclusions  Treatment with GesTIO protocol allows a 
safe and effective treatment even in very old and vulnerable 
inpatients with a faster management insulin therapy.

Keywords  Geriatric medicine · Diabetes mellitus · 
Vulnerable inpatients · GesTIO · Insulin management 
protocol · Insulin therapy

Introduction

Increasing evidence indicates that the development of 
hyperglycemia during acute medical or surgical illness 
is a marker of poor hospital outcome [1, 2]. The presence 
of hyperglycemia was associated with prolonged hospital 
stay, infection, disability after hospital discharge, and death 
[2–6]. The previous studies indicate that improved glucose 
control reduces the risk of multiorgan failure, systemic 
infections, and mortality [7, 8].

Clinical guidelines from the American Diabetes Asso-
ciation (ADA) and the Endocrine Society recommend 
for patients in non-critical care setting the use of insulin 
therapy with the following targets: pre-meal blood glu-
cose <140  mg/dl (7.8  mmol/l) and random blood glu-
cose <180 mg/dl (10.0 mmol/l). Less stringent targets may 
be appropriate in patients with severe comorbidities, such 
as older inpatients [9]. The ADA task force suggests that 
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multidisciplinary teams develop hyperglycemia manage-
ment protocols [10]. Structured subcutaneous insulin order 
sets and insulin management protocols have been advo-
cated as a method to enhance glycemic control and encour-
age the use of basal-bolus regimen. Subcutaneous insulin 
protocol should include target glucose levels, basal, nutri-
tional and supplemental insulin, and daily dose adjustments 
[5]. Recent trials have indicated that basal-bolus is superior 
to sliding scale (SSI) approach in hospitalized patients [11, 
12].

Protocol for in hospital insulin administration should be 
safe and effective. Moreover this instrument should permit 
to determine pre-prandial insulin dose adjustments so that 
insulin therapy could be managed by nurses. Unfortunately, 
protocols and order sets for scheduled insulin administra-
tion are not available in many hospitals and the use of SSI 
persists [13].

Despite the known benefits of a basal-bolus scheduled 
insulin therapy, many hospitalist do not use it, probably 
due to its complexity and fear of hypoglycemia [14, 15]. 
This is especially true in aged patients that are much more 
vulnerable to hypoglycaemia due to a progressive decrease 
in beta-adrenergic receptor function, impairment in coun-
terregulatory hormone responses and decline in renal and 
liver function. In addition, older adults usually have a poly-
pharmacy and a high number of comorbidities which can 
increase the hypoglycemic risk [16–26]. Finally, cognitive 
and executive dysfunction may interfere with the ability to 
perform self-care activities and follow the treatment regi-
men [21]. In these conditions, guidelines allow a less strin-
gent target of HbA1c (7.5–8.5% or 58–69  mmol/mol) to 
avoid hypoglycemic events [9, 19]. Therefore, in hospital-
ized frail patients, maintenance of a reasonable degree of 
glycemic control, such as blood glucose less than 200 mg/
dl (11.1 mmol/l), is suggested [19, 25].

In this paper, we analyzed safety and efficacy of a basal-
bolus-correction insulin order set named GesTIO (manage-
ment of insulin therapy in hospital) in patients with diabe-
tes mellitus admitted to a geriatric ward.

Methods

In this retrospective, observational, cross-sectional study, 
we analyzed the medical records of 132 diabetic patients 
treated with insulin therapy with a subcutaneous insulin 
basal-bolus regimen admitted to the Geriatric Clinic of the 
Department of Medicine (DIMED) at Padua University 
from march 2009 and October 2011. We selected patients 
with either a diagnosis of Diabetes Mellitus or hospital-
related hyperglycemia (at least a random laboratory glu-
cose >200  mg/dl or a fasting blood glucose >140  mg/dl), 
aged 65  years or older, having regular measurements of 

capillary glycemia (almost four times every day) and sub-
cutaneous insulin therapy managed by “GesTIO protocol” 
for at least five consecutive days (Supplementary Appen-
dix I). We focused the analysis only during 5 days to mini-
mize the “drop-out effect” due to hospital discharge. We 
excluded patients receiving corticosteroid therapy, with 
parenteral and/or enteral nutrition and patients receiving 
palliative care or with limited life expectancy. All selected 
patients followed a standardized diet: 1500 Kcal/die, 68 g 
(18%) protein, 50 g (30%) lipids, 212 g (52%) glucides, and 
18 g fibers.

GesTIO protocol is a subcutaneous insulin order set for 
the management of a basal-bolus-correction insulin regi-
men developed by a multidisciplinary team of diabetolo-
gists, internal medicine, and geriatrics specialist physicians 
of DIMED at Padua University. It is based on ADA guide-
lines and Trence’s insulin order form [5, 9, 27]. The pro-
tocol, shown in Fig. 1 and in Fig. 2, consisted in a single 
A4 paper (double sided) with a set of specific treatment 
recommendations, including: (1) method to estimate the 
total daily dose insulin requirements (TDD); (2) section for 
prescribing type and scheduled doses of basal and pre-meal 
(nutritional) insulin; (3) glycemic goals and alarm levels for 
risk of hypoglycemia or hyperglycemia; (4) the algorithms 
for supplemental correction-dose insulin to be administered 
by nurses at pre-meal time; (5) instructions for physicians 
about how to calculate and use the insulin correctional fac-
tor in particular situation; and (6) table for the standardized 
management of hypoglycemia. All physicians and nurses in 
the Geriatric Clinic were trained on how to use the proto-
col through specific educational courses given by a team of 
specialists.

We recorded detailed demographic and clinical informa-
tion, including age, gender, body weight, comorbidity, and 
severity index (CIRS-CI and CIRS-SI) calculated with ger-
iatric cumulative illness rating scale (CIRS-G) [17], esti-
mated creatinine clearance (eCrCl) according to the Cock-
croft–Gault formula, HbA1c level (standardized IFCC) on 
admission. During the five consecutive days analysis, we 
considered also total insulin daily dose (TDD) and daily 
glycemic patterns (in each patient glycaemia was measured 
as capillary glucose at least four times/day: before each 
meal, at bedtime and when requested by the physician) 
and number of medical intervention (calls to physicians) 
required by nurses for adjusting insulin therapy.

Outcome measures

The primary endpoint of the study was to determine the 
safety of GesTIO protocol when applied in older and frail 
adults. The secondary endpoint was to evaluate its efficacy 
on glycemic control and the possible benefit on clinical 
management of insulin therapy.
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To determine the safety of GesTIO protocol, we ana-
lyzed the proportion of patients with mild (<70  mg/dl or 
3.9 mmol/l) and severe (<40 mg/dl or 2.2 mmol/l) hypogly-
cemic events.

To evaluate the efficacy of GesTIO protocol, we 
analyzed:

1.	 Number of BG per patients below 89  mg/
dl (4.9  mmol/l), between 90 and 200  mg/dl 
(5–11.1  mmol/l), and above 200  mg/dl (11.1  mmol/l) 
throughout observation time. Range 90–200 mg/dl was 
selected as an acceptable glycemic target for elderly;

2.	 Mean daily BG throughout observation time;
3.	 Glucose variability as standard deviation (±SD) of 

mean daily BG throughout observation time.

To evaluate the benefit on clinical management, we 
analyzed the number of calls to physicians per patient 
throughout observation time.

To determine number of BG, mean daily blood glucose 
and SD, we evaluated only pre-prandial (8–12–18 h) and 
bed-time (22 h) BG measurement, because these were the 
only recorded for all patients.

Fig. 1   GesTIO protocol page 
1. All images were created and 
edited with Microsoft Office® 
Picture Manager
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To determine other outcomes, any BG measurement 
recorded during the observation was considered.

Statistical analysis

Statistical analysis was performed using the Statistical 
Package for Social Sciences V.20.0 ITA for Windows®-
SPSS Inc, Chicago, IL, USA. The data are presented as 
mean ± standard deviations (SD) for continuous variables 
and median ± IQR (Inter Quartile Range) or number (N and 
%) for categorical variables. To analyze differences within 

group, we used ANOVA for repeated measurement and 
Friedman test with pairwise comparison with a Bonferroni 
correction for multiple comparisons. p value of <0.05 was 
considered significant.

Results

88 patients (mean age 82.0 ± 6.8 years) matched the inclu-
sion criteria. The main clinical and demographic character-
istics of enrolled patients are listed in Table 1. All patients 

Fig. 2   GesTIO protocol page 
2. All images were created and 
edited with Microsoft Office® 
Picture Manager
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were affected by Type 2 DM (86/88 pts, 97.7%) or by 
DM due to pancreatic diseases (2/88 pts, 2.3%), none was 
affected by Type 1 DM. The more common diagnosis were: 
heart failure (27/88, 30.7%) and DM with poor glycaemic 
control (15/88 patients, 17%). 9/88 (10.2%) patients were 
admitted for infective diseases (respiratory and urinary). 
The mean total insulin dose (TDD) was 0.42 ± 0.19 units/
kg/day at the first day and 0.44  units/kg/day at fifth day 
with no statistical difference. The majority of patients were 
treated with insulin before admission (51/88, 58%), while 
16/88 (18.2%) patients started it during hospital stay (we 
found lack of data about 21/88 patients).

80.7% (71/88) of patients started insulin therapy guided 
by GesTIO between the first and third days of hospital stay. 
Only 59 out of 1760 sticks (minimum needed to manage 
insulin therapy: four sticks per patients every day during 5 
days = 1760 sticks) equal to 3.35% were missing.

During the 5 days of GesTIO protocol, mild hypoglycae-
mia occurred in 9.1% of patients (8/88) [95% CI 3–15.2%]. 
No one experienced severe hypoglycaemia (BG <40 mg/dl 
or 2.2 mmol/l).

At day 1, there was a median of 2.0 ± 2 sticks per patient 
between 90 and 200  mg/dl (5–11.1  mmol/l) and 3.0 ± 2 
at day 5: number of BG in target range was significantly 
different throughout observation time, χ2(4) = 25.055, 
p < 0.001. Post hoc analysis revealed statistically significant 
differences from first (Mdn = 2) to third, fourth, and fifth 
(Mdn = 3) days (p < 0.05). At day 1, there was a median of 
2.0 ± 2 sticks per patient above 200  mg/dl (11.1  mmol/l) 
and 1.0 ± 1 at day 5, χ2(4) = 21.271, p < 0.001.

The mean BG, over all 5 days, was 182.9 ± 39.4  mg/
dl (10.2 ± 2.2  mmol/l). The daily mean BG decreased 
from 199.1 ± 54.5 (11.06 ± 3.03  mmol/l) at day 1 to 
173.6 ± 46.4  mg/dl (9.64 ± 2.58  mmol/l) at day 5, with a 
25.5 mg/dl (1.4 mmol/l) decrease, F (2.67, 232.67) = 7.42, 
p < 0.005 (corrected with ε calculated according to Green-
house and Geisser), see Table 2. Post hoc analysis with a 
Bonferroni adjustment revealed that mean BG was signifi-
cantly decreased only from the first to third–fourth–fifth 
days.

The standard deviation of mean BG decreased 
from 49.44 ± 30.0  mg/dl (2.8 ± 1.7  mmol/l) at day 1 to 

Table 1   Clinical and demographic characteristics on admission

Data are mean ± SD or n (%). *p values represent comparisons between the two groups: Highly Dependent Patients (Barthel Index ≤40) and 
Lesser Dependent Inpatients (Barthel Index >40). CIRS-G CI comorbidity index calculated with geriatric cumulative illness rating scale, CIRS-G 
SI severity index calculated with geriatric cumulative illness rating scale, eCrCl estimated creatinine clearance according to the Cockcroft–Gault 
formula. TDD represents total daily dose of insulin

Patients enrolled Highly dependent Lesser dependent p

Number of patients 88 59 29
Age (years) 82 ± 6.8 83.2 ± 6.6 79.7 ± 6.7  0.023*
CIRS-G Comorbidity Index 6.5 ± 2.1 6.7 ± 2.0 6.0 ± 2.3 0.109
CIRS-G Severity Index 2.5 ± 0.4 2.6 ± 0.4 2.3 ± 0.5  0.022*
Body weight (kg) 69.6 ± 14.3 69.1 ± 14.3 71.1 ± 14.3 0.545
eCrCl (ml/min) 49.2 ± 21.1 47.6 ± 21.3 52.2 ± 21.1 0.346
Mean number of drugs used at home 8.88 ± 3.6 9.6 ± 3.6 7.5 ± 3.3  0.026*
Mean Barthel Index at admission (max 100) 28.7 ± 32.4 10.5 ± 16.2 65.2 ± 25.0  0.000*
Mean Activity of Daily Living Index at admission (max 6) 2.6 ± 2.4 1.6 ± 1.8 4.6 ± 1.9  0.000*
Mean Short Portable Mental Status Questionnaire at admission 

(max 10)
3.7 ± 3.1 4.6 ± 3.1 1.6 ± 1.6  0.000*

HbA1c

 % 8.5 ± 2.5 7.8 ± 1.7 9.7 ± 3.2  0.007*
 mmol/mol 69 ± 27 62 ± 19 82 ± 35

TDD (units/kg/day) 0.43 ± 0.17 0.40 ± 0.18 0.50 ± 0.15  0.01*

Table 2   Glycemic parameters and mean number of call to physicians reduction

Data are mean ± SD *p values represent comparisons between mean of 1st and 5th days

Day 1 Day 2 Day 3 Day 4 Day 5 p

Mean blood glucose (mg/dl) 199.1 ± 54.5 184.9 ± 50.6 178.0 ± 47.9 179.0 ± 49.3 173.6 ± 46.4  0.002*
Standard deviation of Mean BG (mg/dl) 49.44 ± 30.0 39.2 ± 21.9 35.3 ± 18.1 37.8 ± 23.4 36.1 ± 19.5  0.002*
Mean number of call to physicians 0.83 ± 1.0 0.43 ± 0.9 0.45 ± 0.9 0.34 ± 0.7 0.45 ± 0.9  0.001*
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36.13 ± 19.5  mg/dl (2.0 ± 1.1  mmol/l) at day 5, F (3.37, 
293.21) = 6.98, p < 0.005 (corrected with ε calculated 
according to Greenhouse and Geisser), see Table  2. Post 
hoc analysis with a Bonferroni adjustment revealed that SD 
of mean BG was statistically significantly decreased only 
from the first to all other days.

The mean number of calls to physicians during the 
observation time was 2.51 per patients and decreased 
from 0.83 (73/88) at day 1 to 0.45 (40/88) at day 5, 
χ2(4) = 26.134, p < 0.001, see Table  2. Post hoc analysis 
revealed statistically significant differences from the first to 
second and fourth days (p < 0.05) but not to other days.

Discussion

The true incidence and prevalence of hypoglycaemia 
among hospitalized patients with diabetes are not well 
known. In two retrospective studies in younger hospi-
talized patients (respectively mean aged 61 ± 17.8 and 
65.2 ± 18.3 years), a hypoglycaemia rate of 10.5% [20] and 
a severe hypoglycemia rate of 1.9% [21] were reported. 
Frail patients, like elderly, have an increased risk of hypo-
glycemia and related complications [21, 24, 27]. The rate 
of hypoglycemia in our study was lower but similar to the 
previous studies: only 8 (9.1%) out of 88 patients experi-
enced a BG <70  mg/dl (< 3.9  mmol/l) and no one had a 
value <40  mg/dl (<2.2  mmol/l). Therefore, the GesTIO 
protocol seems to be safely applicable even in such frail 
diabetic patients.

A comprehensive definition of frailty requires an 
assessment of physical performance [28]. However, older 
adults with complex care needs, multiple comorbidi-
ties, and increased mortality are generally considered as 
a vulnerable or “frail” patients [29]. Our patients could 
be considered vulnerable: they were very old, they had 
a reduced capability of self-management (67% of them 
had a Barthel Index ≤40) and they had a relevant number 
of comorbidities (see Table  1). Furthermore, they had a 
compromised cognitive function: 24.9% of patients has a 
severe cognitive impairment and 18.2% had a moderate 
ones. In these patients, guidelines suggest both a pruden-
tial starting dose of insulin and less stringent glycaemic 
targets [9, 19]. Our patients had a mean insulin TDD pro 
kilos of 0.43 ± 0.17  per day, similar to the values sug-
gested by published studies: 0.2 to 0.4  UI/Kg/die [5, 7, 
19]. There are not specific glycemic target indications in 
clinical guidelines and most of them suggest to use the 
standard targets [9]. However, less stringent targets may 
be more appropriate for our patients: some previous stud-
ies suggest to maintain blood glucose below 200  mg/dl 
or 11.1  mmol/l [19, 26]. For these reasons in our study 
we considered 90 to 200  mg/dl (5–11.1  mmol/l) as an 

acceptable range of glycaemia: the proportion of glyce-
mic sticks in this range increased from 52.3 to 70.1%. 
Moreover, we found a significant reduction both of mean 
daily BG and standard deviation of mean BG. With the 
GesTIO protocol, we reached in only 5 days a mean BG of 
173.6 mg/dl (9.64 mmol/l) that could be considered close 
to the target of random BG <180  mg/dl (<10.0  mmol/l) 
[9] and an SD of 36.13 mg/dl (22.7 mmol/l) that is less 
than 1/3 of mean BG as Hirsh defined for a good glycae-
mic variability [30]. Although we cannot establish Ges-
TIO protocol clinical efficacy, due to retrospective design 
of our study, we believe that these are indicators of the 
efficacy of insulin therapy guided by GesTIO protocol 
even in frail diabetic inpatients.

GesTIO protocol appears to be a reliable instrument 
for applying an early insulin protocol in elderly diabetic 
patients during hospital stay. Moreover, the application of 
such protocol has shown to reduce the number of medical 
intervention to adjust insulin therapy of about 50% in 5 
days. This is an interesting indicator of GesTIO’s proto-
col ability to self-adjust pre-prandial insulin dosage with-
out a strict control by physicians. Therefore, the GesTIO 
protocol reduces the workload and demonstrated to be 
useful in clinical management of insulin therapy.

The main limitation of this study lies in its retrospective 
and observational design without a similar control group 
due to large application of GesTIO protocol (107 over 132 
patients treated with basal-bolus insulin regimen followed 
GesTIO protocol). Therefore, a larger prospective, multi-
centric, randomized clinical trial in general medicine and 
surgery setting is certainly advisable to address differences 
between basal-bolus insulin therapy guided by GesTIO and 
any other basal-bolus guided insulin protocol.

In summary, we can confirm that applying a standard-
ized order set for insulin therapy, such as the GesTIO pro-
tocol, is safe and allows an acceptable glycemic control in 
only 5 days of observation also in elderly hospitalized peo-
ple without increasing commitment for the physicians.
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