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ABSTRACT

Introduction: Hyperglycemia is common in
patients admitted to Italian medical/geriatric
units and is associated with a poorer outcome.
We tested the significance of diabetes and stress-
induced hyperglycemia in clinical outcome.
Materials and Methods: Three hundred sev-
enty-eight consecutive patients with hyper-
glycemia at entry (C 126 mg/dl) (206 without
known diabetes) were included, with a wide
range of underlying diseases requiring hospital
admission and independent of the presence of
diabetes. Relative hyperglycemia was calculated

as admission glucose divided by average glu-
cose, estimated based of glycosylated hemoglo-
bin. Values C 1.20 were considered indicative of
stress hyperglycemia (SHR). The association of
SHR with outcome variables (all-cause compli-
cations, infections, non-infectious events,
deaths) was tested by logistic regression analy-
sis, adjusted for sex, BMI, age-adjusted comor-
bidities (Charlson index) and known diabetes.
Results: During hospital stay, one or more
events were registered in 96 patients (25.4%); 44
patients died in hospital, and fatality rate was
borderline higher in patients without diabetes
(14.6% vs. 8.1% in diabetes; P = 0.052) and
nearly three times higher in patients with stress
hyperglycemia (15.0%) vs. those with SHR\ 1.2
(P = 0.005). Stress hyperglycemia—more com-
mon in the absence of diabetes (71% vs. 58%)—
and age were the only independent prognostic
factors for death. At multivariable analysis, the
risks of death (OR 4.31, 95% CI 1.25–14.81), of
all complications (OR 5.90, 95% CI 2.22–15.71)
and of newly developed systemic infections (OR
5.67, 95% CI 1.61–19.92) were associated with
stress hyperglycemia in subjects without dia-
betes, as was the risk in non-insulin-treated
cases (OR 4.02, 95% CI 1.16–13.92; OR 5.47,
95% CI 2.21–13.52; OR 5.15, 95% CI
1.70–15.62, respectively).
Conclusion: The study confirms the prognostic
value of stress-related hyperglycemia in patients
requiring hospital admission to a geriatric/
medical unit for a variety of acute medical
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conditions, contributing to adverse outcomes
not limited to events commonly associated with
hyperglycemia (e.g., infections).

Keywords: Cardiovascular outcomes;
Complications; Death; Diabetes; Hospital
admission; Infection; Prognosis; Stress
hyperglycemia

Key Summary Points

Why carry out this study?

Stress hyperglycemia has been associated
with poor outcome in surgical settings
and in patients admitted for
cardiovascular disease

The significance of stress hyperglycemia in
the general population of patients
admitted to a medical/geriatric
department, with a high prevalence of
diabetes, has never been documented

The study tested the association of stress
hyperglycemia with all-cause
complications, infections and non-
infectious events, and deaths in
consecutive patients to clarify its
prognostic role

What was learned from the study?

The presence of stress hyperglycemia,
particularly in subjects without known
diabetes, increased complication and
death rates

The study confirms the prognostic value of
stress hyperglycemia at hospital
admission, which might be considered a
concerning signal for patients in the
medical/geriatric setting

INTRODUCTION

Hyperglycemia is common in patients at hos-
pital admission in daily practice, not limited to

patients with diabetes, but extending to indi-
viduals without a known history of diabetes.
Most recent estimates suggest that its preva-
lence may be in the range of 25–35% in Italian
patients admitted to medical/geriatric units
[1–4], given the increase of diabetes prevalence
with advancing age and comorbidities. Previ-
ously unknown, newly detected diabetes con-
tributes to this prevalence [3], as well as stress-
induced hyperglycemia [2, 5–7], driven by the
acute response to clinical conditions requiring
hospital admission. In these conditions, hyper-
glycemia is largely mediated by glucagon [8] in
the presence of a previously normal glucose
metabolism, in turn promoting oxidative stress
and insulin resistance [9, 10].

Whatever the origin of hyperglycemia, it is
associated with poor outcomes and prolonged
hospital stay (increased case fatality rate and
incidence of infections and further disability
after hospital discharge in different settings
[6, 7, 11–13]). There is compelling evidence that
prompt treatment of any hyperglycemic state
may help reduce adverse events, and in-hospital
protocols for the implementation of basal-bolus
regimens in the presence of hyperglycemia are
advocated by national and international
guidelines [14–16]. These regimens, which may
be effectively managed by nurses with mini-
mum impact on physicians’ involvement [17],
are aimed at achieving a rapid control of glucose
levels with minimal risk of hypoglycemia com-
pared with sliding-scale insulin treatment.
Sliding-scale protocols continue to be largely in
use outside diabetes units [18] because of their
simplicity, although their use is discouraged by
guidelines. In subjects with mild hyper-
glycemia, also the use of non-insulin agents
might be preferred to intensified insulin to
facilitate treatment and avoid the risk of hypo-
glycemia, but no safe values for glucose levels
have ever been defined.

We aimed to determine the prevalence of
stress-induced hyperglycemia in a large cohort
of patients admitted to a geriatric department,
independent of the presence of a diagnosis of
diabetes, as well as the importance of glucose
control and insulin treatment in the immediate
management of hyperglycemia to reduce
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Table 1 Characteristics of the study population, grouped by the presence of diabetes

Variable All cases
(n = 378)

Without DM
(n = 206)

With DM
(N = 172)

P value

Age (years) 78.3 ± 12.4 79.2 ± 12.9 77.3 ± 11.7 0.128

Age class (\ 65; 65–65; 75–85; [ 85) (%) 14/16/36/34 14/12/36/38 15/20/35/30 0.143

Male sex (%) 47.6

[42.5–52.5]

47.6 [40.6–54.1] 47.7 [40.0–54.8] 0.163

BMI (kg/m2) 28.0 ± 5.5 27.0 ± 5.2 28.8 ± 5.6 0.117

BMI class (normal, overweight, obesity 1, obesity 2,

obesity 3) (%)

30/35/24/11 37/33/25/5 24/37/24/15 0.306

Smoke (no, present, ex) (%) 68/22/10 71/19/10 63/27/9 0.126

Age-adjusted Charlson’s score 6.50 ± 2.55 6.61 ± 2.22 7.57 ± 2.51 \ 0.001

Hemoglobin (g/dl) 12.9 ± 2.2 13.1 ± 2.2 12.6 ± 2.1 0.014

Leucocyte count (9 ll) 11.1 ± 5.5 11.5 ± 5.8 10.7 ± 5.1 0.177

Platelets (9 ll) 238 ± 101 252 ± 105 219 ± 97 0.432

Creatinine (mg/dl) 1.33 ± 0.84 1.31 ± 0.87 1.35 ± 0.81 0.601

eGFR (ml/min 9 1.73 m2) 61.6 ± 30.8 63.4 ± 30.4 59.5 ± 31.3 0.230

Potassium (mEq/l) 4.18 ± 0.71 4.11 ± 0.71 4.26 ± 0.71 0.037

Total cholesterol (mg/dl) 168 ± 48 170 ± 45 166 ± 51 0.440

HDL cholesterol (mg/dl) 42.4 ± 13.9 44.1 ± 14.6 40.7 ± 13.0 0.050

Triglycerides (mg/dl) 136 ± 80 123 ± 70 150 ± 88 0.005

Blood glucose at admission(mg/dl) 192 ± 90 159 ± 35 230 ± 118 \ 0.001

Glycosylated HbA1c (%) 6.51 ± 1.59 5.67 ± 0.34 7.51 ± 1.89 \ 0.001

Relative hyperglycemia (%) 1.40 ± 0.58 1.43 ± 0.66 1.36 ± 0.47 0.297

Stress hyperglycemia (RH[ 1.2) (%) 65.1

[60.0–69.6]

71.4 [64.6–76.9] 57.6 [49.8–64.4] 0.007

Hospital length of stay (days) 10.6 ± 7.0 9.8 ± 6.2 11.5 ± 7.7 0.019

Data are reported as mean ± SD or as percent [95% confidence interval]
The diagnosis of diabetes was either retrieved from history or was based on glycosylated hemoglobin levels C 6.5%
(48 mmol/mol) at time of admission (newly diagnosed diabetes)
eGFR estimated glomerular filtration rate (CKD-EPI) [29]
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hospital stay and the development of
complications.

METHODS

Patients

The study was prospectively carried out in two
medical/geriatric units of the Sant’Orsola-Mal-
pighi Hospital, a university hospital with nearly
1000 beds, and in a peripheral hospital of the
Local Health Unit, Bologna, Italy, from May
2017–September 2018. All patients aged[18
years, with hyperglycemia at entry (C 126 mg/
dl) and providing informed consent to partici-
pation, were considered, independent of the
reason(s) for admittance and the presence of
diabetes. Their baseline data are reported in
Table 1. Exclusion criteria were the presence of
an active cancer disease, the recent use of ster-
oids (orally or by injection), the use of par-
enteral nutrition and recent hemorrhage or
blood transfusion (within the last 3 months).
Data were collected at entry, and metabolic
control, including insulin administration
whenever needed, was monitored in the course
of the first 6 days of hospital stay. Finally, the
time to hospital discharge (or death) was
recorded. In the presence of high blood glucose,
treatment was based on a pre-planned protocol
of insulin administration based on a basal bolus
regimen, but in a few cases a common sliding-
scale intervention was implemented. This
occurred because no shared protocols for insu-
lin treatment are operative between the medi-
cal/geriatric units of the Sant’Orsola-Malpighi
Hospital and the Local Health Unit of Bologna.
The cut-off for insulin treatment was set at
glucose values C 200 mg/dl on admission.
Considering the severity of condition and
patients’ frailty, the glucose target was set in the
range 120–150 mg/dl to limit the risk of
hypoglycemia.

The Case Report Forms were filled out by
physicians soon after admittance and com-
pleted for missing elements after interviewing
relatives. Specific care was taken in the assess-
ment of the previous history of diabetes
(n = 154), the use of glucose-lowering drugs and

the presence of diabetes-related micro- and
macro-vascular complications. This cohort also
comprised three cases diagnosed as type 1 dia-
betes mellitus. Patients with glycosylated A1c
hemoglobin levels C 6.5% (48 mmol/mol)
(n = 18) were later added to the cohort of dia-
betes as unknown diabetes. A total of 45 cases
were treated solely by diet (26%), 42% were on
oral or non-insulin injectable glucose-lowering
agents, 19% were being treated by insulin (basal
or intensified insulin treatment) and 13%
received a combination of non-insulin and
basal insulin treatment. From patient history we
calculated the age-adjusted Charlson Comor-
bidity Index [19].

The protocol was approved by the ethics
committee, Sant’Orsola-Malpighi Hospital
(protocol 27/2017/U/Oss and amendments) and
by the ethics committee of the Local Health
Unit of Bologna (CE-BI 17044). All patients
signed an informed consent to participation
and data upload.

Methods

Body mass index (BMI) was calculated by weight
and height, measured to the nearest kg and cm
on a scale in light clothing. Laboratory values
including glycosylated HbA1c levels were
obtained by standard techniques on the day
following admission by the Laboratorio Unico
Metropolitano, a laboratory serving the whole
area of Bologna and part of a program for the
standardization of biochemical assays.

HbA1c was used to detect an unknown dia-
betic state (HbA1c C 48 mmol/mol) [2] as well
as to estimate the average blood glucose con-
centration before admission using the equation:
estimated average glucose (mg/dl) = (28.7*
HbA1c [%]) - 46.7 [20]. Using diabetes history
and HbA1c as indicators, we grouped patients
into three categories: (1) hyperglycemia at
admission, no diabetes; (2) diabetes by history;
(3) newly diagnosed diabetes. Their comorbidi-
ties are reported in Fig. 1 (upper panel). In par-
ticular, there was a high prevalence of
hypertension (76%) and cardiovascular disease
(42%) and arrythmias (30%), but also chronic
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kidney disease (23%) and hepatobiliary disease
(26%).

Relative hyperglycemia was defined by SHR,
calculated as admission glucose divided by
estimated average glucose [21]. The critical SHR
value of 1.20 was considered indicative of stress-
induced hyperglycemia, considering the uncer-
tainty about adequate fasting time in a few
patients. Accordingly, the categories were fur-
ther divided according to the SHR cut-off to test
the possible incremental role of stress hyper-
glycemia on the risk of complications, inde-
pendent of diabetes.

The events requiring hospital admission, as
well as the different comorbidities assessed by
laboratory and imaging techniques, were
recorded (Fig. 1, lower panel). Most cases were
admitted for cardiovascular (36%) and cere-
brovascular disease (27%), heart failure (21%)
and pneumonia (23%), but newly developed
infections (16%) and progression of renal (18%)

and hepatobiliary disease (5%) were recorded
during follow-up. The time course of blood
glucose was regularly checked during the first
6 days or until normalization, as was the
amount of insulin administered according to
basal-bolus or sliding-scale protocols.

Statistical Analysis

The sample size was determined on the
assumption that (1) stress hyperglycemia might
be demonstrated in 50% of the population with
hyperglycemia at admission (independent of
the presence of diabetes) and (2) hyperglycemia
might treble the risk of events, including the
primary outcome of death rate, considering the
expected high prevalence of patients with
cerebrovascular events and systemic infection
in the participating units [22, 23]. According to
these assumptions, the sample size was

Fig. 1 Comorbidities at history in the study population
(upper panel) and reasons for hospital admission and in-
hospital complications (lower panel), in relation to
diabetes by history and diabetes diagnosed at admission.
*Significant difference compared with the population
without diabetes. HTN hypertension; COPD chronic

obstructive pulmonary disease; CAD coronary artery
disease; AMI acute myocardial infarction; CVD cerebro-
vascular disease; PAD peripheral artery disease; CKD
chronic kidney disease grade 3b or higher; HBD hepato-
biliary disease
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determined in 380 patients and fixed at 400 to
account for missing data. The protocol was
however stopped in September 2017 because of
transfer of the principal investigator to a dif-
ferent hospital.

Statistical analysis was performed using
StatView 5.0TM (SAS Institute Inc., Cary, NC)
and SPSS for Windows v.21 (SPSS Inc., Chicago,
IL, USA). Continuous variables were reported
using mean and standard deviation (SD) or
median and interquartile range (IQR), as
appropriate. Absolute prevalence and percent-
age were used for categorical variables (di-
chotomous variables). Differences between
continuous variables for the different cohorts
were tested for significance using the Mann-
Whitney U test. Prevalence in different
groups/subgroups was compared by chi-squared
test or by Fisher’s exact test when appropriate.

A logistic regression analysis was performed
to ascertain the association of stress hyper-
glycemia with the outcome variables (death, all-
cause complications, newly developed systemic
infection) after adjusting for sex, BMI, age-ad-
justed comorbidities (age-adjCharlson comorbid-
ity index—CCI) [24] and the presence of
diabetes. The presence of infection at admission
was also considered and tested as confounder
[25]. The relative risk of outcome variables was
calculated as odds ratios (OR) and 95% confi-
dence interval (CI). In a final model, the pro-
tocol of insulin treatment (basal bolus vs.
sliding scale) was added as independent vari-
able. Finally, the role of factors potentially
affecting HbA1c value (anemia, advanced kid-
ney disease, cirrhosis) were tested as additional
confounders [26–28]. A sensitivity analysis was
also performed, using the lower SHR cut-off of
1.14, tested in a different setting [7], and the
corresponding higher value of 1.26.

P values\0.05 were considered statistically
significant.

Compliance with Ethics Guidelines

The protocol was approved by the ethical
committee, Sant’Orsola-Malpighi Hospital
(protocol 27/2017/U/Oss and amendments) and
by the ethics committee of the Local Health

Unit of Bologna (CE-BI 17044). All patients
signed an informed consent to participation
and data upload. This study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.

RESULTS

Baseline Characteristics

The whole population was elderly and over-
weight (Table 1), with 70% of participants[75
years and in the overweight/obesity range
(without differences in relation to diabetes).
Biochemistry was characterized by high white
cell count, moderate renal impairment and
differences in lipid profile (higher cardiovascu-
lar risk in the presence of diabetes). This last
condition was confirmed by the analysis of
comorbidities at history (Fig. 1, upper panel) or
confirmed during hospital stay (Fig. 1, lower
panel). Notably, more cases were classified as
chronic kidney disease (CKD) grade 3b or higher
[29] in the population with diabetes. Length of
stay was nearly 2 days longer in the presence of
diabetes. Potassium levels were lower in dia-
betes and below the lower limit of normal
(3.6 mEq/l) in 17.6% of total cases (26.5%,
10.3% and 6.3%, in the absence of diabetes, in
diabetes by history and in newly detected dia-
betes, respectively).

Stress hyperglycemia was very common at
entry (nearly two thirds of the entire popula-
tion) and more common in the absence of dia-
betes (71% vs. 58%). In the group with diabetes,
it was detected in 58% of cases with a history of
diabetes and in 50% of newly diagnosed cases.

Hyperglycemia Treatment and Time
Course of Blood Glucose

Insulin treatment was instituted soon after
entry in 180 cases; 5 patients with and 16
without history of diabetes did not receive
immediate insulin in the presence of hyper-
glycemia[200 mg/dl, as indicated in the pro-
tocol. One was later diagnosed as newly
discovered diabetes. Insulin was maintained
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until death or discharge from hospital in 142
cases with diabetes (82.5%) and only 20 with
hyperglycemia without a previous diagnosis of
diabetes (9.7%). The average blood glucose level
rapidly declined in all groups, but remained
remarkably above the desired targets, particu-
larly in the presence of diabetes (Fig. 2). The pre-
planned glucose target of 120–150 mg/dl was
reached before death or discharge from hospital
in all but one case without diabetes, in 81%
with newly developed diabetes, but only in 64%
with a history of diabetes. Basal insulin was used
(and maintained) in six cases with newly diag-
nosed diabetes; oral hypoglycemic agents were
progressively added in 61 cases with diabetes by
history and in 6 cases with newly detected dia-
betes and also maintained after discharge from
hospital.

Insulin infusion (always coupled with K?

administration) was only used in patients with
diabetes as initial treatment (11 cases with
known diabetes, 2 cases with newly developed
diabetes). The majority of insulin-treated cases
were managed according to a basal-bolus pro-
tocol (90 cases, 55.6%), previously defined and
implemented in the participating units, but
several cases were treated according to a sliding-
scale procedure, more commonly used in sub-
jects without diabetes (n = 22, 10.8%) or in
newly diagnosed diabetes (n = 8, 44.4%) vs.

cases treated by the basal-bolus procedure
(n = 5, 2.4%, and n = 5, 27.8%, respectively;
P\ 0.001). The total amount of insulin
administered during the first 6 days was higher
in the presence of diabetes by history vs. newly
diagnosed diabetes (on average
109.6 ± 144.0 IU vs. 44.7 ± 65.3; P = 0.06), also
including on average 55 ± 63 IU by e.v.
administration in 11 individuals of the former
group and 50 IU in 2 individuals of the latter
group.

Treatment Outcomes and Association
with Stress Hyperglycemia

One or more events were registered in 96
patients (25.4%). The most severe and most
common events are reported in
Table 2, grouped by both hyperglycemic state
and the presence of stress-induced hyper-
glycemia at entry. Forty-four patients died in
hospital; the difference in fatality rates was
borderline higher in patients without diabetes
(14.6%) compared with all cases with diabetes
(8.1%; P = 0.052) and nearly three times higher
in patients with versus without stress hyper-
glycemia (15% vs. 5.3%; P = 0.003). No differ-
ence was present between insulin-treated and
non-insulin-treated patients (5.3% vs. 6.3%;
P = 0.747), irrespective of the presence of

Fig. 2 Time course of blood glucose in the whole
population, grouped according to presence of diabetes.
The daily blood glucose represents the average of values

measured in the course of the day. The progressive decline
of study sample reflects both in-hospital deaths and
hospital discharge
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diabetes or stress hyperglycemia. All-event rates
were not associated with any hyperglycemic
state, but were again more common in the
presence of stress hyperglycemia (33.5% vs.
17.3; P = 0.007). No differences in non-infec-
tious events were present, with the notable ex-
clusion of hypoglycemic events (more common
in insulin-treated patients with diabetes). Arry-
thmias were more common in insulin-treated
cases and were associated with K?

levels\ 3.6 mEq/l (OR 6.77; 95% CI 1.47–31.4),
without any relation with hypoglycemic events

(OR 4.07; 95% CI 0.82–20.2) or death (OR 2.89;
95% CI 0.76–11.7). No relation was demon-
strated between hypoglycemic events and death
rates (OR 1.28; 95% CI 0.36–4.55). Other events
included gastrointestinal and biliary events, as
well as psychiatric disturbances, evenly dis-
tributed among groups.

The rate of newly developed infections was
not different in relation to presence/absence of
diabetes history or unknown diabetes, but was
two times higher in the presence of stress
hyperglycemia (29.4% vs. 15.0%; P = 0.011)

Table 2 In-hospital event rates according to the presence of diabetes and stress-induced hyperglycemia

Event number
(percent)

Grouped by hyperglycemic state Grouped by stress hyperglycemia

No
diabetes
(n = 206)

Diabetes by
history
(n = 154)

Newly diagnosed
diabetes (n = 18)

P Value SHR < 1.2
(n = 132)

SHR ‡ 1.2
(n = 246)

P value

All events 56 (27.2) 44 (28.6) 5 (27.8) 0.959 23 (17.3) 82 (33.5) 0.007

In-hospital death 30 (14.6) 13 (8.4) 1 (5.6) 0.143 7 (5.3) 37 (15.0) 0.005

Time to

death (days)*

7 [10] 9 [7] 33 [-] 0.186 7 [7] 8 [9] 0.797

Non-infectious

events

Hypoglycemia 4 (1.9) 16 (10.4) 1 (5.6) 0.002 9 (6.8) 12 (4.9) 0.432

Acute

myocardial

infarction

1 (0.5) 1 (0.7) 0 - 0.929 1 (0.8) 1 (0.4) 0.653

Heart failure 36 (17.6) 40 (26.1) 3 (16.7) 0.128 25 (19.1) 54 (22.0) 0.509

Cerebrovascular

events

1 (0.5) 1 (0.7) 0 - 0.929 2 (1.5) 0 - 0.053

Arrythmias 6 (2.9) 4 (2.6) 1 (5.6) 0.779 3 (2.3) 8 (3.3) 0.589

Progressive renal

disease#
9 (4.4) 7 (4.5) 2 (11.2) 0.430 4 (3.0) 14 (5.7) 0.247

Others 26 (12.6) 27 (17.5) 4 (22.2) 0.299 16 (12.1) 41 (16.7) 0.292

Systemic

infections�
32/138

(23.2)

27/111 (24.3) 3/11 (27.3) 0.944 15/100

(15.0)

47/160

(29.4)

0.011

Note that more than one event might occur in individual patients
Data are presented as number of cases (%)
*Median [interquartile range]
�In patients without infection at admission (total number, 260)
#Renal function deterioration by C 1 CKD stage
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Table 3 Univariate and multivariate logistic regression analysis of factors associated with unfavorable outcomes in the
whole population

Variable Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

In-hospital death

Age (9 10 years) 2.42 (1.57–3.73) \ 0.001 2.33 (1.50–3.60) 0.002

Sex (male) 0.82 (0.43–1.54) 0.531

BMI (kg/m2) 1.01 (0.88–1.17) 0.845

Age-adjusted Charlson’s score 1.07 (0.95–1.21) 0.257

Glucose at entry (9 10 mg/dl) 1.03 (0.99–1.06) 0.113

Diabetes 0.52 (0.27–1.02) 0.056 0.70 (0.35–1.42) 0.327

Stress hyperglycemia (SHR C 1.2) 3.20 (1.39–7.40) 0.007 2.94 (1.24–6.95) 0.014

Insulin treatment 1.13 (0.60–2.12) 0.711

Basal-bolus treatment* 0.60 (0.23–1.55) 0.294

Complications (all events)

Age (9 10 years) 1.41 (1.14–1.75) 0.002 1.44 (1.15–1.81) 0.013

Sex (male) 0.85 (0.54–1.34) 0.490

BMI (kg/m2) 1.05 (0.96–1.14 0.267

Age-adjusted Charlson’s score 1.06 (0.97–1.17) 0.215

Glucose at entry (9 10 mg/dl) 1.03 (1.00–1.05) 0.039 1.02 (1.00–1.05) 0.097

Diabetes 1.07 (0.68–1.68) 0.778

Stress hyperglycemia (SHR C 1.2) 2.41 (1.43–4.06) 0.001 2.07 (1.19–3.59) 0.010

Insulin treatment 1.45 (0.92–2.29) 0.105

Basal-bolus treatment* 0.64 (0.34–1.23) 0.182

Systemic infections�

Age (9 10 years) 1.16 (0.91–1.47) 0.220

Sex (male) 0.89 (0.51–1.54) 0.672

BMI (kg/m2) 1.01 (0.92–1.11) 0.869

Age-adjusted Charlson’s score 1.03 (0.93–1.15) 0.548

Glucose at entry (9 10 mg/dl) 1.01 (0.98–1.04) 0.563

Diabetes 1.15 (0.67–1.98) 0.618

Stress hyperglycemia (SHR C 1.2) 2.36 (1.24–4.50) 0.009 2.36 (1.24–4.50) 0.009

Insulin treatment 1.21 (0.70–2.09) 0.496
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after exclusion of cases with infections at
admission.

The results of logistic regression analysis are
reported in Table 3. At univariate analysis, only
stress hyperglycemia was associated with all

tested outcomes (in-hospital death, all compli-
cations and newly developed infections), par-
ticularly in the absence of diabetes and in non-
insulin-treated cases (Fig. 3). The association
with in-hospital death was stronger in subjects

Table 3 continued

Variable Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Basal-bolus treatment* 0.61 (0.28–1.30) 0.198

*Limited to insulin-treated patients
�In patients without infection at admission (n = 260)

Fig. 3 Graphical presentation of the risk for in-hospital
mortality and complicating events associated with stress
hyperglycemia in relation to insulin treatment and the

presence/absence of diabetes. Data are derived from
univariate logistic regression analysis
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without diabetes (OR 4.31, 95% CI 1.25–14.81)
and in non-insulin-treated patients (4.02, 95%
CI 1.16–13.92). Similarly, the association of
stress hyperglycemia with all complications and
with systemic infections was maintained in
non-insulin-treated cases (OR 5.47, 95% CI
2.21–13.52, and OR 5.15, 95% CI 1.70–15.62,
respectively) as well as in patients without dia-
betes (OR 5.90, 95% CI 2.22–15.71, and OR
5.67, 95% CI 1.61–19.92).

Age, diabetes and glucose levels at admission
were the other variables that entered the mul-
tivariable regression analysis for death and
complications; at the end of the procedure, only
stress hyperglycemia and age remained in the
regression. In the multivariable analysis, the
risk of death and of all-event rates associated
with stress hyperglycemia was particularly high
in subjects without diabetes (OR 3.95, 95% CI
1.12–13.86 and OR 5.70, 95% CI 2.12–15.32,
respectively), as was the risk in non-insulin-
treated cases (OR 3.08, 95% CI 1.56–6.06 and
OR 5.45, 95% CI 2.18–13.53, respectively).

No significant differences in outcomes were
observed in insulin-treated subjects according to
the insulin delivery strategy (basal-bolus vs.
sliding scale), although for most events a trend
was observed in favor of the basal-bolus proce-
dure (OR 0.60, 95% CI 0.23–1.55; OR 0.65, 95%
CI 0.34–1.62 and OR 0.61, 95% CI 0.28–1.30 for
death, all events and infections, respectively).
The relation of outcomes with stress hyper-
glycemia was not significantly modified by
adjustment for factors potentially affecting
HbA1c levels: advanced chronic kidney disease
(CKD grade 3b or higher), anemia (hemoglobin
levels\ 10 g/dl) and the presence of cirrhosis
(Supplementary Table 1).

The sensitivity analysis using the cut-offs of
1.14 and 1.26 for the definition of stress
hyperglycemia confirmed the results reported
above (Supplementary Table 2).

DISCUSSION

The study confirms the importance of stress-
related hyperglycemia for the development of
poor outcomes in individuals admitted to
internal/geriatric units for acute events or

exacerbation of pre-existing diseases. The risk of
death, as well as the risk of complications, was
higher in the presence of stress hyperglycemia
than in diabetes per se and extended to subjects
in whom stress hyperglycemia added to the
hyperglycemia of diabetes, either well known
and treated or newly diagnosed and untreated.
The proportion of cases diagnosed with stress
hyperglycemia was particularly high in the
categories without previously diagnosed dia-
betes, although the cut-off of relative hyper-
glycemia was set at a value (1.20) higher than in
previous studies [6, 7], considering uncertainty
about appropriate fasting in a few cases. The
relatively less severity of stress hyperglycemia in
individuals with diabetes is in keeping with the
importance of the modulatory effect of glucose-
lowering treatment on hyperglycemia. In the
absence of diabetes, as well as in undiagnosed
diabetes, stress hyperglycemia is unopposed by
treatment and the resulting hyperglycemia car-
ries an additional risk of adverse events.

The negative role of stress hyperglycemia is
well known. In both patients with and without
diabetes and ST elevation myocardial infarc-
tion, stress hyperglycemia ratio, defined by SHR
quartiles, was a useful predictive marker of
major adverse, cardiovascular and cerebrovas-
cular events (including death)[30]. Among
patients admitted for ischemic stroke in four
Italian hospitals who developed parenchymal
hematoma after thrombolysis, hyperglycemia at
admission predicted death and permanent dis-
ability in a linear, glucose-dependent response
[23]. Similar data were obtained in an interim
analysis of the present population, limited to
patients with ischemic stroke, where stress
hyperglycemia increased the risk of hemor-
rhagic transformation [31].

In a multicenter study in an Internal Medi-
cine setting, mean blood glucose on the day of
admission was an independent negative prog-
nostic factor, suggesting that prompt treatment
of hyperglycemia is needed to improve hospital
outcomes [1]. In trauma patients, blood glucose
at admission predicted mortality and infections
[6, 32, 33], which were reduced by achieving
normoglycemia in the early post-traumatic
period [34]. An analysis carried out in emer-
gency departments confirmed the negative role
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of stress hyperglycemia also in the presence of
diabetes, with sepsis-repeated mortality
increasing over five times for a SHR C 1.14 [7].
Very recently, the importance of hyperglycemia
has been associated with poor outcomes in
patients infected with COVID-19, where newly
diagnosed diabetes and admission hyper-
glycemia predicted COVID-19 severity and
more rapid respiratory deterioration better than
the history of diabetes [5].

In other settings, the risk of systemic infec-
tions was independently related to hyper-
glycemia, as well as to stress hyperglycemia, as
demonstrated by an extensive metaanalysis
[35]. In the present study, we confirmed the
prognostic significance of stress hyperglycemia
for newly developed infections; the risk was
higher than that carried out by glucose at entry,
despite prompt correction of hyperglycemia in
most cases, both with insulin or by oral agents
(n = 76).

Whatever the origin of hyperglycemia, our
program was intended to achieve a prompt
control of hyperglycemia, and a glucose target
between 120 and 150 mg/dl was originally
planned, at least in the first few days of admis-
sion. Despite insulin administration—and e.v.
insulin in a non-negligible proportion of
cases—the planned target was not reached
before hospital discharge or death in a signifi-
cant proportion of cases, particularly in the
presence of diabetes. There is considerable
debate regarding the desired glucose target for
in-hospital patients. Guidelines of the American
Diabetes Association suggest a glucose range of
140–180 mg/dl in critically ill cases and lower
values of 110–140 for selected patients, as long
as they can be achieved without significant risk
of hypoglycemia [14]. In our cohort, insulin
treatment was definitely associated with a few
hypoglycemic events, possibly facilitated by
insulin-dependent low potassium levels, but the
rare events did not carry an additional risk of
death or arrithmya. It would be important to
test the possible advantage of glucose control by
the newly available glucose-lowering drugs on
both safety and effectiveness in a larger
population.

Insulin treatment was intended to modulate
the systemic inflammatory response and

immune cells, activated in severe trauma, burn
injury and sepsis [36], via possible modulation
of glucose transporters [37], and several studies
in these areas confirm that tailored insulin
administration reduced the risk of local or sys-
temic infections [35, 38, 39]. In the present
study we could not reduce the risk of newly
developed infections and did not confirm the
superiority of the basal-bolus procedure vs. the
sliding-scale regimen on infections previously
documented in a surgical setting [17]. The basal-
bolus regimen reduced the risk of outcomes in
univariate analysis only to an insignificant
extent; negative results might be explained by
the very high number of events occurring in the
first few days after admission, before the more
accurate insulin modulation of glucose disposal
might have produced beneficial effects.

The study has limitations that deserve dis-
cussion. First, the population was highly
heterogeneous, which may limit the external
validation of the results. This was however part
of the original aim of the study, i.e., to test the
significance of stress hyperglycemia and its
rapid control in a general medicine/geriatric
setting. A second limitation is the use of SHR as
a correlate of stress hyperglycemia, a tool not
universally accepted. The number of cases
identified as stress hyperglycemia, in both the
presence and absence of diabetes, was very high;
sensitivity analyses show that data are however
stable, independent of the cut-offs for stress
hyperglycemia and adjustments for potential
confounders, confirming the validity of the
ratio. Finally, the sample size was however
insufficient to achieve solid data on treatment
strategies.

CONCLUSION

In summary, the study confirms that stress-re-
lated hyperglycemia, a protective response pro-
viding fuel for the immune system and
the brain at time of stress, might become
potentially deleterious [12], possibly contribut-
ing to adverse outcomes. It remains to be
determined whether a direct cause-effect rela-
tion exists or the severity and duration of
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hyperglycemia simply reflect more severe
whole-body stress.
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